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BACKGROUND

“All flying insects that walk on all fours are to be regarded as unclean by you. There are,
however, some flying insects that walk on all fours that you may eat: those that have jointed legs
for hopping on the ground. Of these you may eat any kind of locust, katydid, cricket or
grasshopper. But all other flying insects that have four legs you are to regard as unclean”
Leviticus 11:20-23.

The Old Testament is the old written document, which has been found so far, documenting the
historical human habit of eating insects (Belluco, 2009). However, entomophagy (éntomon,
“insect”, and phagein, “to eat”) has even deeper roots in human evolutionary history. Based on
primates food habits, it is easy to infer that insects, and other invertebrates, were part of the diets
of our earliest human ancestors (Tommaseo-Ponzetta and Paoletti, 2005; Fontaneto et al., 2011).
For instance, isotope analysis of Australopithecine bones indicates a diet largely composed of
animals such as insects foraging on graminaceae (Fontaneto et al., 2011; Klein, 2009).

In addition to this evidence, there are several other sources -- including a book collecting
Leonardo Da Vinci’s cooking experiments -- indicating that insects have been part of the human
diet and are still widespread in many parts of the world (Tommaseo-Ponzetta and Paoletti, 2005;
Routh and Routh, 2005).

In addition to looking at them as nutritional resources, humans have historically taken advantage
of insects as producers of honey, silk, and natural coloring agents, as well as for pollination or
biological control. Nonetheless, insects have long produced a sense of disgust in people from
most Western countries. Unsurprisingly, as we are increasingly interested in finding new sources

of protein and reconsidering food resources that are ignored in the modern diet, insects have
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attracted the interest of scientists, chefs and businessmen. As stated by the Food and Agricultural
Organization (FAQO) and other international organizations, mini-livestock (insect) food and feed
might have considerable economic, environmental and nutritional advantages.

From a nutritional point of view, problems related to high levels of meat consumption have
increased scientific interest in analyzing new sources of protein, and insects have been
considered candidates for substituting meat for several reasons (Collavo et al., 2005; Payne et al.,
2016).

It is difficult to generalize across the 2,000 insect species being consumed worldwide; however,
compared to beef, pork and chicken, insect protein content is, on average, similar.

Insect essential amino acid scores range from 46 to 96%, although the majority of insects have
limited levels of either tryptophan or lysine. In addition to protein, insects seem to contain more
polyunsaturated fatty acids (although content varies significantly depending on the species and

their diet) and higher levels of minerals, such as iron and zinc, and of vitamins B1, By, and B3

compared to other livestock animals that are of particular interest for women and children’s
diets, especially in developing countries (Belluco et al., 2015; van Huis et al., 2013).

Beside the nutritional aspects, preliminary environmental impact analyses estimated that
livestock production consumes 30% of crops, 8% of freshwater resources, produces as much as
18% of greenhouse gas (GHG) emissions, and greatly contributes to global misallocation of
reactive nitrogen (N) (Lundy and Parrella, 2015). Insects being farmed as mini-livestock result in
lower GHG emissions and ammonia compared to the production of conventional livestock. An
analysis conducted by Oonincx et al. in 2010 also suggests that less land area is required to farm

mealworms compared to conventional livestock (Oonincx et al., 2010).
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Preliminary economic impact analyses note the minimal technical or capital expenditures
required for basic harvesting and rearing equipment. Insects can be easily breed, processed for
food and feed and sold by all members of society including disadvantaged individuals, such as
women and landless people in urban and rural areas (van Huis, 2013).

For the multiple potential advantages mentioned above, the European Commission is currently
co-financing a research project to explore the feasibility of using insect protein for feed. The
Commission is also considering how to develop policies that reflect the potential use of insects
as novel foods and animal feed. Considering the lack of evidence related to this issue, the aim of
our paper is to study the possible risks to human and animal health that are correlated with
consumption of edible insects and to analyse the possible implementation of insect derivates as
in the pharmaceutical field.

METHODS

Eligibility criteria

The types of studies included are original experimental and observational articles; reviews were
excluded. No limits for language or year of publication were applied during the search. The
sample included all edible insects used as human or animal foods or drugs. Studies of any
follow-up length were included. Settings included any country, state and community size. The
interventions described in the articles included different type of risks.

Any type of control or comparison group not exposed to insects eating during the study period
was considered. Studies without comparison groups were also included. Primary outcomes
included risks of singular or prolonged consumption of edible insects. Secondary outcomes

included pharmacological risks.
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Search strategy

The following computerized databases were used for the basic search: PubMed/MEDLINE,
Scopus, CAB Direct (the last searches were conducted on 16 November 2015).

To standardize and make the searches reproducible, the following search syntaxes were
developed:

1) PubMed/MEDLINE: entomophagy [All Fields] OR “Insects”’[Mesh] AND (“Nutritional
status”[MeSH Terms] OR “Nutritive value”[Mesh] OR “Diet”[Mesh] OR “Dietary
proteins”’[Mesh] OR “Dietary Fats”[Mesh] OR edible [All Fields] OR eatable [All
Fields]), using MeSH terms when supported.

2) Scopus: ALL (entomophagy OR insects AND (nutritional status OR nutritive value OR
diet OR dietary protein” OR dietary fat” OR edible OR eatable)) AND SUBJAREA (mult
OR medi OR nurs OR vete OR dent OR heal) AND (EXCLUDE (DOCTYPE, “ch”) OR
EXCLUDE (DOCTYPE, “bk) OR EXCLUDE (DOCTYPE, “cp™)).

3) CAB Direct: subject: (“insects as food”) OR (entomophagy) -- refine by journal article.

Inclusion and exclusion criteria

Inclusion criteria:

All articles clearly stating in title or abstract the intention to analyze the following topics were
included:

e Risk of allergy: reported allergic reaction or laboratory confirmation of known allergens.

e Microbiological risk: reported microbiological contamination during any phase of
production (collection, storage, transportation) or specific insect microbiological

contamination.
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e Chemical risk: reported presence of insect contamination with any known risky chemical
substance or anti-nutrient factors.
e Malabsorption risk: reported risk of pathological nutrient malabsorption associated with
the consumption of edible insects.
e Growth alteration risk: reported risk of pathological growth alteration associated with the
consumption of edible insects.
e Hematic and qualitative meat alteration risk: reported risk of pathological hematic and
qualitative meat alteration associated with the consumption of edible insects.
e Any other relevant risk related with edible insect consumption.
e Pharmacological effects: any reported pharmacological effects associated with the
consumption of edible insects.
Case reports, qualitative studies or studies assessing clinical samples were included.
Exclusion criteria:
No limits for date of publication, authors, affiliation and language were applied.
All articles whose main objectives were not clearly stated in title or abstract were excluded.
Systematic and narrative reviews were excluded.
Study selection
The reviewers independently examined the titles, abstracts and key works of citations extracted
from electronic databases for eligibility. For studies that appeared to meet the inclusion criteria,
or when a definite decision could not be made based on the title or abstract alone, the full text
articles were obtained to assess the inclusion criteria in detail. Studies were excluded if they did

not meet one or more criteria. For any disagreements arising between the authors, that study was
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discussed until a consensus was reached. The full text of all articles matching the inclusion
criteria was reviewed. The reasons for exclusion were recorded.

Data collection process and data items

For each selected study, the data have been extracted using a standard form. Extracted data items
included authors, year of publication, type of insect, human or animal consumer, type of
consumption (singular or prolonged), primary outcomes (acute/chronic, allergic, chemical,
microbiological, hematic, malabsorption and growth failure risks), and secondary outcomes such
as pharmacological effects.

RESULTS

A total of 6,026 articles were retrieved from all databases; after deduplication of findings, 5,308
articles were targeted for analysis. Screening the titles and abstracts allowed the selection of 341
studies addressing the entomophagy-related risks and pharmacological properties of insects. A
second screening, conducted in accordance with the study inclusion and exclusion criteria,
allowed us to select 70 original articles that were eligible for the final analysis (flowchart).

We reviewed 70 studies, 26 of which studied insects as possible sources of human foods or
drugs, 30 of which analyzed the use of insects in animal feed (23 poultry, 1 rats and 6 fish), and
14 considered edible insects as both food and feed.

The most studied insects were Musca domestica L, silkworm pupae and crickets in general, but
the full list is available in Table 1.

Possible risks of prolonged consumption of insects were analyzed in 37 articles, while 23 studies
did not specify the duration of consumption and 6 focused on possible risks of singular

consumption of edible insects.
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To provide more detailed findings, we decided to split the results into two main groups. The first
takes into account all articles whose outcomes could be directly or indirectly linked to human
health, including studies on rats and oil laboratory analysis. All insects analyzed in this group are
commonly consumed by humans.

The second one includes all studies addressing edible insects as animal feed.

Humans

A total of 40 articles analyzed possible risks of health or drug effects caused by edible insect
consumption by humans; 5 studies showed possible risks of allergy due to the presence of cross-
reactive allergens in insects, suggesting that it is wise to advise individuals with known allergies
to shellfish or mollusks to avoid eating edible insects. (Barre et al., 2014; Verhoeckx et al., 2014;
Barennes et al., 2015; Broekman et al., 2015; Srinroch et al., 2015).

Microbiological contamination risk was analyzed in 4 studies, 3 of which suggested possible
fungal or bacterial contamination due to poor sanitation and inadequate collection, drying,
transportation, storage and marketing conditions (Klunder et al., 2012; Simpanya et al., 2000;
Braide and Nwaoguikpe, 2010; Hernandez-Flores et al., 2015).

Possible chemical contamination, presence of anti-nutritional factors and oxidative potential of
edible insects were analyzed in 9 articles, only 3 of which could exclude, given the current state
of the art, a risk for human health (Braide and Nwaoguikpe, 2010; Adeduntan, 2005; Hyun et al.,
2012; Memis et al., 2013; Koc et al., 2014; Musundire et al., 2014; Shantibala et al., 2014;
Turkez et al., 2014; Omotoso, 2015).

Health risks related to the malabsorption of nutrients derived from edible insect consumption

were studied in 16 articles; 10 studies excluded such a risk while the others stressed the need for
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additional efforts to better understand the role of the specific anti-nutrients, such as tannin and
phytate, contained in edible insects and how processing methods could affect the nutrient
potential of edible insects (Adeduntan, 2005; Hyun et al., 2012; Musundire et al., 2014,
Omotoso, 2015; Adebowale, 2005; Omotoso, 2006; Zhou and Han, 2006; Omotoso and Afolabi,
2007; Kinyuru et al., 2010; Ekpo, 2011; Longvah et al., 2011; Longvah et al., 2012; Xia et al.,
2012; Enghoff et al., 2014; Assielou et al., 2015; Bauserman et al., 2015).

In 8 articles, possible hematic and growth alterations due to edible insect consumption were
studied. One study focused on cholesterol content of Imbrasia belina, suggesting that the adverse
effects of a high concentration of cholesterol could be mitigated by the presence of substantial
amounts of [-sitosterol and campesterol in the insect. The others concluded that insect
consumption does not have detrimental hepatic, renal or hematologic effects and that infants who
consumed caterpillar have higher hemoglobin concentrations and fewer cases of anemia,
suggesting that caterpillar cereal might have some beneficial effects (Zhou and Han, 2006;
Longvah et al., 2012; Xia et al., 2012; Bauserman et al., 2015; Ogunleye, 2006; Yeboah and
Mitei, 2009; Ekpo, 2011; Igwe et al., 2014).

In a study conducted in 1994, B. I. Adamolekun et al. reported a human epidemic of seasonal
ataxia in lkare (Western Nigeria) associated with the consumption of Anaphe venata Butler. The
study described 34 patients who developed cerebellar ataxia, nystagmus and varying levels of
impaired consciousness after consuming this insect (Adamolekun and Ibikunle, 1994).

Finally, 8 articles presented data on the possible pharmacological effects of edible insect
consumption. Apart from antioxidant and integrator potential due to their nutrient and anti-

nutrient composition, protein content and high calcium density, many insects have shown
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specific properties that can be developed in the pharmaceutical sector nevertheless, possible risks
for human health must be considered (Shantibala et al., 2014; Azad Thakur and Firake, 2012;
Adéamkova et al., 2014). Two articles studied the possible use of edible insects (Momordica
charantia L., Myrmeleon sp. and Clanis bilineata) as blood glucose--lowering agents for diabetic
patients, confirming their potential as suitable alternative hypoglycemic agents for humans
(Mujahid et al., 2013; Xia et al., 2013), while Cheso et al. showed the potential of the desert
locust, Schistocerca gregaria, as an unconventional source of dietary and therapeutic sterols
(Cheseto et al., 2015). Enghoff et al. suggest that Diplopoda defensive secretions, hydrogen
cyanide and benzoquinones, may act as insect repellents and that sub-lethal cyanide ingestion
may enhance human’s innate resistance to malaria, while Tang confirmed that Chinese black ants
(Polyrhachis dives) contain compounds that display anti-inflammatory, immunosuppressive, and
renoprotective activities (Enghoff et al., 2014; Tang et al., 2015),.

Animals

The majority of studies considering edible insects as feed for animals focus on three main risks:
growth alteration, nutrient malabsorption and hematic and qualitative meat alteration.

Of the 30 articles reviewed in this group, 23 analyzed insects as possible feed for poultry, 3 for
fish and 1 for rats.

Poultry

In 19 articles, the risk of growth alteration from poultry feed including various insect derivates
was studied. In one work, the incorporation of silkworm pupae meal into broiler diets at 5%,
which replaced one-half of the fishmeal, significantly depressed growth rate and final body

weight at 6 weeks old (Sudhakara Reddy et al., 1991). In all other studies reviewed, no
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differences in growth rate or egg production were observed, and some authors even suggest
significantly better growth of broilers (Gawaad and Brune, 1979; Ocio et al., 1979; Dhaliwal et
al., 1980; Joshi et al., 1980; Virk et al., 1980; Sujatha and Rao, 1981; Gado et al., 1982,
Nakagaki et al., 1987; Chrappa et al., 1990; Chrappa et al., 1990; Kumar et al., 1992; Atteh and
Ologbenla, 1993; Despins and Axtell, 1995; Pro M. et al., 1999; Hwangbo et al., 2009;
Aigbodion et al., 2012; Sun et al., 2012; Jadalla et al., 2014; Bovera et al., 2015).

Similar results were observed for malabsorption risk. Of the 17 studies analyzing the issue, only
one suggested a slight decrease in feed efficiency due to the lower caloric density of diets
containing dried pupae compared with those containing soybean oil meal (Koo et al., 1980). The
majority of authors observed no difference, and in some cases, chickens fed larvae meal had
higher average concentrations of calcium and lower serum concentrations of total lipids, glucose,
cholesterol and inorganic phosphorus compared with controls (Gawaad and Brune, 1979; Ocio et
al., 1979; Dhaliwal et al., 1980; Joshi et al., 1980; Virk et al., 1980; Sujatha and Rao, 1981; Gado
et al., 1982; Kumar et al., 1992; Atteh and Ologbenla, 1993; Pro M. et al., 1999; Hwangbo et al.,
2009; Sun et al., 2012; Jadalla et al., 2014; Bovera et al., 2015; Virk et al., 1980; DeFoliart et al.,
1982).

In 6 articles, possible hematic or meat alterations in broilers fed insect-based diets were assessed,
and none observed significant alterations (Gado et al., 1982; Kumar et al., 1992; Atteh and
Ologbenla, 1993; Hwangbo et al., 2009; Sun et al., 2012; Bovera et al., 2015).

Other animals

Only 6 articles analyzed the risks associated with the replacement of traditional fish feed with

insect-based feed (maggots, termites, grasshoppers, silkworm pupae and May flies). They did not
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state specific risks but suggested a careful analysis of the anti-nutrients provided by such an
insect-based diet (Fasakin et al., 2003; Sogbesan and Ugwumba, 2008; Tamale et al., 2010;
Alegbeleye et al., 2012; Lee et al., 2012; Ji et al., 2015).

One article studied the effects of supplemental methionine and lysine on the nutritional value of
housefly larvae meal (Musca domestica) fed to rats, concluding that housefly larvae meal seemed
deficient in methionine and that supplementation with this amino acid was of tremendous benefit
to the animals (Onifade et al., 2001).

DISCUSSION AND CONCLUSION

The vast heterogeneity of edible insects analyzed by studies deeply affects the output of this
review.

It is clear that most recently, researchers have shifted their focus, moving away from the possible
use of edible insects in animals feed to a protein and nutrient source for humans.

Humans

The risks to human health proposed and analyzed in the scientific literature are mainly related to
allergy, microbiological and chemical contamination, malabsorption, and hematic alteration
caused by edible insect consumption. The risk of allergic reaction due to the presence of
allergens in insects is the only aspect showing overall concordance among authors, who identify
a need for specific studies to investigate the existence of cross-reactive allergens. Nevertheless,
such a risk is limited to the group of allergic persons and does not seems to be of higher impact
compared to other more common foods, such as shellfish or mollusks. The second element noted
by the results of this review is the need for more comprehensive studies on the role of the anti-

nutrient factors often isolated from edible insects. In fact, their implications for human health are
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still under discussion, especially in terms of concentrations, interactions with nutrient
assimilation and potential pharmaceutical applications.

Studies on microbiological contamination risk showed considerable heterogeneity in the
conclusion reached by authors. An important factor seems to be poor sanitation and inadequate
collection, drying, transportation, storage and marketing conditions. A possible interpretation,
considering the countries and counties wherein those studies were conducted, is that
microbiological contamination is strictly area specific, presenting a higher risk in lower-
resources settings, a common feature of many products from low-income countries. Other risks,
such as malabsorption, hematic alteration and growth alterations, linked with insect consumption
did not present major concerns, and many author suggested a potential role for edible insects in
efficiently fighting famine and lack of protein availability in low-resources settings and stressed
the use of insects in most traditional cuisines.

Animals

Most of the articles reviewed suggested that edible insects derivatives represent efficient and safe
substitutes for other animal protein products. On the one hand, many authors suggested that
insect-based feed for poultry affect neither the quality of the meat nor the growth rate or the egg
size. On the other hand, it is often stressed that insect-based meal can increase the concentration
of nutrients and decrease the concentration of cholesterol in broiler meat. The same consideration
could apply to fish feed, although the small number of studies reviewed underlines the need for
more specific analyses.

As with studies on humans, many authors noted the need for ad hoc studies to determine the

roles of anti-nutrients and their possible implications for animal health.
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Finally, one of the most interesting finding is the use of insects as a starting point to develop
drugs. Potential hypocholesterolemic and hypoglycemic agents derived from some insects will
probably require additional efforts to determine their possible uses for human health, and the
antioxidant characteristic exhibited by some insects needs in-depth research to standardize their
use in many therapies.

In conclusion, this review shows that the use of insects as food and feed appears to have many
positive aspects from the economic, environmental and nutritional points of view. However,
considerable research still needs to be conducted, in particular, on the aspects of allergy,

nutritional and anti-nutritional composition and pharmaceutical use of edible insects.
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“Main risk analyzed:
Risk of allergy: reported allergic reaction or laboratory confirmation of known allergens.

Microbiological risk: reported microbiological contamination in any fase of production

(collection, storage, transportation) or specific insect microbiological contamination.

Chemical risk: reported presence of insect contamination with any known risky chemical

substance or with anti-nutrient factors
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Malabsorption risk: reported risk of pathological nutrient malabsorption associated with the

consumption of edible insects

Growth alteration risk: reported risk of pathological growth alteration associated with the

consumption of edible insects.

Hematic and qualitative meat alteration risk: reported risk of pathological hematic and qualitative

meat alteration associated with the consumption of edible insects.

Pharmacological effects: any reported pharmacological effects associated with the consumption

of edible insects.
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Flow-chart

Records identified through
database searching (n= 6026)

- Pubmed/MEDLINE: 2715
- Scopus: 2685
- CAB Direct: 626

Records after duplicates removed
(n=5308)

Records excluded in title and
abstract stage (n= 4967)

Full text assessed for eligibility
(n=341)

Full-text articles excluded because
non matching inclusion criteria or
due to exclusion criteria applied
(n=271)

Human: 26
Animal: 30
Non specific: 14

Total articles eligible for review
(n=70)
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