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ABSTRACT

The earth's population growth has stimulated the demand for animal protein for human consumption,
boosting the exploitation of natural resources. In recent years, insects have been increasingly
cultivated for human and animal food, emphasising the advantage of using less land and water, as
well as creating lower emissions and greenhouse gases. Providing alternative protein sources in the
feeding of monogastric animals is a challenge and a scientific priority for scientists. The review
includes studies on insect meal (IM) addition in compound feeds and its influence on poultry and
swine productivity, health and environmental effects. The questions remain open for research on the
optimal level of inclusion of IM to different production categories, product quality, standardising
IM rendering and production methods and the impact on the physiological and health status of

animals.
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Until a decade ago, the use of edible insects in
human food was considered unusual for the
Western menu, and popular only in tropical
areas. In recent years, there has been a growing
interest in insect consumption, which can
alleviate existing environmental problems by
facilitating lower greenhouse gas emissions and
ammonia, decreasing the consumption of water
and the use of less land for their cultivation.
Additionally, it curbs the increasing demand for
meat (1). However, traditional animal food for
many remains the main source of the necessary
nutrients. As the world population could exceed
more than 10 billion by 2050, consumption of
chicken and pork is also expected to increase
from 2010 to 2050 by 173% and 105%,
respectively (2). Protein is the most expensive
and limiting ingredient in compound feeds for
pigs, and the cost of traditional protein sources
has risen significantly due to the supply and
competition between humans and animals (3).
The livestock industry relies heavily on the
production of staple food crops such as cereals,
which are at the same time threatened by
climate change, as well as the scarce or limited
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protein sources that augment cereals to help
achieve a balanced compound feed for animals
(4). Increased meat production requires a solid
feed resource to feed animals. The Food and
Agriculture Organization (FAO) recommends
alternatives to conventional animal feed
ingredients in order to reduce competition
between humans and animals for limited food
chain resources (5).

As protein raw materials, insects such as BSFL,
mealworm larvae (Tenebrio molitor L.) and
crickets (Orthoptera: Gryllidae) are the
objective of scientific research and are used as
alternative sources of nutrients in poultry and
pig feeds as they contain almost 100 percent of
the edible portion of the protein (6).

However, there is still a lack of systematic
studies and approaches on the use of insect meal
(IM) as an alternative component in compound
feed for fattening pigs, on establishing the
effectiveness, mode of action on productive
indicators, digestibility of energy and nutrients
and oxidative stress of the body affecting
animal health. This provoked our scientific
interest in searching for alternative feeds in pig
breeding, ensuring good health and welfare,
good functioning of the digestive system, as
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well as achieving better digestibility of
nutrients, leading to higher productivity in
growing pigs.

INSECT MEAL IN COMPOUND FEEDS
FOR PIGS

The main source of protein in monogastric
animals is soybean meal (SBM). No adverse
effects have been identified when using first-
generation GMO plant feed. However, foods
containing or produced by GMOs are not
perceived as safe (7). Alternative sources of
protein have been sought in recent years in order
to reduce the content of SBM in feeds. One of
these potential alternatives is the use of IM.
Insect larvae require less water, land and
resources for production, compared to
convective plant feed ingredients (8). The
International Insect Platform for Food and Feed
(IPIFF) predicts that IM production will
increase to 200,000 tonnes in 2020 and 1.2
million tonnes in 2025 (9).

The largest markets for edible insects are the
countries of the Asia-Pacific region. In the USA
and EU (as of 2017) the BSF is authorized for
use as feed in aquaculture; Hermetia illucens

).

Insects are becoming increasingly important as
an alternative ingredient in animal feed, and
research in this direction is expected to expand.
More than 1,900 species of edible insects have
been identified and research on feeding
resources has been conducted (10).
Unfortunately, consumers have a negative
perception of edible insect consumption (11).

Insects are a good source of fat and protein,
have high digestibility and are palatable (2).
They grow very quickly, have a short life cycle
and can feed on organic waste, manure, garbage
and plastics (12).

A number of studies have found that BSFL feed
on organic resources such as fruit residues,
animal manure, vegetables, and brewer’s spent
grains (13-18) and convert these resources into
high-quality insect protein and fat. In their
studies (19, 20), found that the black soldier fly
has the ability to reduce the quality and content
of organic waste in pig manure with an
efficiency similar to that of poultry manure,
which is of benefit to improve farm hygiene. A
significant economic indicator is that the waste
obtained from insect production is a valuable
source of organic fertilizer that can be used in
crop production (21).
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Dry matter of BSFL contains 37% to 63% crude
protein, 7% to 39% fat (22, 23), 8% calcium,
1% to 2% phosphorus 0.1% to 0.3% sodium and
0.4% to 1% magnesium (23-26). The content of
unsaturated fatty acids, such as omega-3 and
omega-6 are found in large quantities in
mealworm larvae and has similar values to fish
(27).

Although the inclusion of insect products in pig
nutrition is new and not yet applicable, a small
number of scientific studies with different
categories of pigs have been published in recent
years (28-32).

NUTRITIONAL VALUE OF INSECT
MEAL

Studies conducted to evaluate the nutritional
value of insect products to replace SBM show
great potential for the use of IM as an alternative
source of protein in pig breeding. Croshie (33)
found that both full-fat meal and defatted black
soldier fly meal could be suitable protein
alternatives for inclusion in pig rations. Both
flours have high standardized ileal digestibility
for most amino acids.

According to Crosbie (33), both defatted and
full-fat black soldier fly meals have a rich amino
acid profile and are therefore considered a more
sustainable protein source than soy and fish
meal. The most abundant essential amino acids
are leucine (mean 44.6 g/kg, from 27.8 g/kg to
78.3 g/kg), lysine (mean 38.8 g/kg, from 23.0
o/kg to 68.2 g/kg) and valine (mean 40.1 g/kg,
ranging from 28.2 g/kg to 67.9 g/kg). The
content of these three amino acids is higher than
that of SBM, and the valine content is higher
than that of fishmeal, Council (34). The
essential amino acids methionine and
tryptophan amount to the least quantity, and are
comparable to SBM, but in much lower
concentrations in fish meal (34).

Among edible insects, the mealworm larva
(Tenebrio moiltor) contains high protein and fat
content, while the carbohydrate content is
relatively lower than that of other edible insects
(35). Unsaturated fatty acids, such as omega-3
and omega-6 have been found in large amounts
in mealworm larvae and are as high as in fish
(27). Meyer (36) conducted a study on the
influence of Tenebrio molitor L. meal as a
protein source on intermediate metabolism in
growing pigs. In a 4-week experiment, 5-week-
old pigs were placed in three experimental
groups - control and experimental - with 5% and
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10% IM in the combined feed. Lower ileal
digestibility was observed by 6.7 to 15.6% in
EB (10%) compared to the control. Regarding
plasma metabolomics, higher concentrations of
alanine glutamate, proline, serine, tyrosine and
valine and lower concentrations of asparagine
were found in EB 10 compared to the control.
Plasma concentrations of the main types of
carnitine and bile acids did not differ between
groups. As a conclusion of the study, the authors
propose the use of Tenebrio molitor L. meal as
a dietary source of protein in pigs that does not
cause an adverse effect on metabolism.

INSECT MEAL AND PRODUCTIVITY IN
MONOGASTRIC ANIMALS

Studies by a number of scientists (37-39, 31) in
feeding broilers and pigs show that replacing
conventional protein sources such as SBM with
IM does not impair growth when the limiting
amino acids are provided. Some broiler studies
(37-39, 31) found that animal health was not
negatively affected by IM. The use of BSFL
meal (Hermetia illucens) in the diets of
salmonids, trout, tilapia and poultry (including
chickens, ducks, turkeys and geese) has been
approved by regulatory authorities (40).

Yu (41), found that the addition of 4% BSFL
increased the microbiome of the following
strains:  Lactobacillus, Vibrio pseudo-oil,
Rosella and faecalibacterium in the intestinal
tract of pigs, while the number of streptococci
decreased. In their conclusions (31),
summarized that partially defatted BSFL meal
can be used as a feed ingredient in diets for
weaned piglets without negatively affecting
their growth, nutrient digestibility, blood
profile, the histological and morphological
characteristics of the intestine. In pigs, however,
little is known about the influence of IM on
animal metabolism.

Replacing a portion of SBM in the rations of
broiler chickens with soldier fly meal did not
affect daily feed intake, average daily gain, feed
conversion ratio and slaughter performance of
the carcasses (42). Based on these results, the
authors discuss prospects for the promotion of
enterprises for the mass production of insects
for animal feed protein.

Lalev (43), found that inclusion of up to 10%
SW and BSFd meal in the diet of broiler
chickens improved their productive
performance. A higher final live weight, better
daily weight gain, better feed conversion and
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slaughter traits were found out. The study
demonstrated that the inclusion of IM
influenced the amino acid and fatty acid profile
of meat, with no negative effect on chickens'
immunity and health. The findings suggested
that SW and BSFd meals may be a good
alternative to SBM in broiler chicken nutrition.
However, performing meta-analysis of
published data, Moula and Detilleux (44)
showed that the daily weight gain in broiler
studies starts decreasing above 10% insect meal
inclusion. Chobanova (45) found decrease in
broiler performance when completely replacing
SBM with 16% IM in diets. The reduced
performance after high IM inclusion level may
be associated with its chitin content. Despite the
many functional benefits associated with chitin
(e.g. as a potential prebiotic, as well as
antimicrobial, antiviral and antifungal agent), it
has often been characterised as an anti-
nutritional factor (46). Although chickens have
been shown to produce chitinase in the
proventriculus and hepatocytes (47), the
digestibility of chitin seems to be limited (48),
particularly in young birds (49). Additionally,
chitin comprises 3.0% to 6.8% non-protein
nitrogen (NPN), meaning that the standard 6.26
N-to-CP  conversion factor overestimates
protein (50). The feeding value of IM will also
depend on substrate fed to the larvae, larvae age,
production, drying and milling techniques.

INSECT MEAL AND SWINE HEALTH

In studies with suckling pigs, with included
3.5% larval meal, Driemeyer (51) found that
haemoglobin and haematocrit values increased.
According to the author, these results are
probably due to immunological stress.

Biasato (31) investigated haematological,
biochemical, morphometric and
histopathological parameters in weaned piglets
given a compound feed with included IM of
BSF-0, 5 and 10% replacing SBM. Evaluated
haematological and biochemical parameters
were not affected, except for the monocytes and
neutrophils. Gut morphology and histological
future were not affected.

Summarizing the research of multiple authors,
Veldkamp and Vernooij (52) concluded that the
values of haematological, biochemical and
intestinal parameters were not affected by the
inclusion of insect products. In only one study,
the addition of 2% BSFL meal (replacing 50%
of the fishmeal) affected the ileal and caecal
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bacterial population and metabolic profile in
weaned pigs.

Biasato (53) reported the influence of the HI
(Hermetia illucers)-based diets in weaned pigs
on gut health. The gut of the piglets fed the HI
(Hermetia illucers)-based diets showed greater
neutral mucin percentage than the Control
(P <0.05), with the intestinal neutral mucins of
the HI-fed animals being also higher than the
sialomucins and the sulfomucins found in the
gut of the C group (P <0.05). Furthermore, the
piglets fed the HI-based diets displayed lower
histological scores in the jejunum than the other
gut segments (ileum [HI-5%] or ileum and
duodenum [HI-10%], P <0.05).

Insects emit less greenhouse gases and
ammonia, have a small carbon footprint,
compared to other animals (54, 55).

The study by Smetana (56) showed that insects
have a high nutritional value, are rich in protein,
vitamins and minerals and potentially have a
lower environmental impact than traditional
farm animals and thus can be an alternative
source of protein to address the problems of
sustainability associated with current food
systems.

The present review demonstrated that IM
products contain CP comparable to and
available energy higher than those in SBM.
Thus, they turn insect products into attractive
components for sustainable diet formulations.
Although IM shows good potential as
alternative to SBM protein feed for monogastric
animals, more research needs to be done on the
optimal inclusive dietary level. Care must also
be taken when choosing insect products for
dietary formulation diets based on knowledge of
their rendering technique, to ensure nutritional
value is preserved as formulated. Further
research into standardising insect rendering and
production methods should be prioritised by the
industry.
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