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Introduction
Consumption of insects is an ancient practice that is 

common among many cultures with more than 2 billion people 
in 113 countries across the world practising entomophagy (van 
Huis, 2013). More than 2,000 species of edible insects have 
been recorded worldwide out of which 470 species occur in 
Africa (van Huis, 2013; Kelemu et al., 2015). The rapid growth 
in human population and increased demand of animal proteins 
has drawn more interest on the use of insects as food and feed 
to mitigate food insecurity and malnutrition (Kewuyemi et al., 
2020; Babarinde et al., 2021).

Edible insects have a rich profile of proteins, carbohydrates, 
fats, minerals, vitamins, and bioactive compounds that are 

essential for human health and nutrition (Zhou et al., 2022). 
Their high nutrient content, availability and low cost of pro-
duction has increased their use as a substitute protein source 
in animal feed (van Huis et al., 2013; Tanga et al., 2021). The 
trade of edible insects is a big source of revenue with the global 
market for edible insects expected to reach $1.2 billion USD 
this year (Liceaga, 2021) Recent advances have led to the de-
velopment of mass production units for insects as food and 
feed across the world; development of processed products and 
extraction of bioactive compounds for different uses (Liceaga, 
2021; Meyer-Rochow et  al., 2021; Tanga et  al., 2021; Zhou 
et al., 2022). The industrialization of insect rearing yield large 
quantities of frass; as such the utilization of insect frass as fer-
tilizer to enhance soil health and crop production is gaining 
momentum in the development of sustainable agriculture and 
circular economy (Poveda, 2021).

In spite of the growing interest in the use of edible insects 
as food and feed, their uptake remains suboptimal due to sea-
sonal availability of insects, low consumer acceptability, safety 
concerns and lack of legislation to govern the edible insect in-
dustry (Liceaga, 2021; Meyer-Rochow et al., 2021). The indus-
trialization of edible insect production, commercial processing 
and product development remains limited in parts of the world 
including Africa. This review sought to establish new insights 
on the emerging insect industry in Africa. The review focused 
on identification of companies producing edible insects and 
production quantities; processing technologies, application of 
insect production, safety and legislative framework governing 
the insect industry in Africa.

Methodology
Figure 1 illustrates the use of mixed methods approach to 

generate evidence-based data on the emerging edible insect 
sector in Africa through in-depth literature review, mapping the 
status of insect farming companies, survey on production scale 
and collation of icipe’s experiences on edible insect research and 
their applications. Literature was sourced from internation-
ally recommended online data bases such as Scopus, Web of 
Science, and Google scholar using the following search items: 
edible insect farming, production scale, edible insect processing 

Implications

• Insect farming for feed and food is rapidly expanding, 
with new registered farms emerging each day in Africa.

• Insects convert organic waste into multiple high-value 
market products (protein, oils, chitin/chitosan, frass 
fertilizer among others).

• Insect farming is highly profitable, and it benefits 
people of all ages and income levels.

• It contributes to improving food insecurity, creating 
jobs, and improving livelihoods, while reducing waste 
and protecting the environment.

• Promoting the development and harmonization of 
standards and conformity assessment along the edible 
insect-based value chain in Africa would ensure sus-
tainability and safety of insect-derived products.
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Figure 1. Schematic flow of the methodology for review of the status of the emerging insect-based enterprises in Africa.
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techniques, nutritional composition, safety quality and appli-
cation and legislation on edible insects in Africa. A  total of 
41 research articles most of which were review papers and two 
reports were included in the final analysis and synthesis of the 
report. A survey and mapping of companies were conducted 
through online interviews with different stakeholders involved 
in the production of edible insects across the continent. In add-
ition, in-depth research and high-value products developed 
from research efforts also form part of this review.

Companies and Production Quantities
The launching of sensitization and awareness creation cam-

paign by the Food and Agriculture Organization of the United 
Nations (FAO), since 2013, to promote the domestication of in-
sects as “Mini livestock” for food and feed (van Huis et al., 2013) 
have seen massive and continuous expansion of the enterprise in 
Africa. These insects are produced as alternative nutrient-rich bio-
mass for direct human consumption, or as functional ingredients 
in feeds for livestock and fish (Babarinde et al., 2021). This new 
wave of emerging small-to-medium-to-large-scale insect farming 
represents an environmentally friendly way to reduce competition 
between human and animal nutrition by taking the pressure off  

soya bean, cotton seed cake, sunflower seed cake, fishmeal among 
other feed protein sources (Figure 2). The rapidly growing pres-
sure to identify new alternative protein sources that are cheap, 
locally and readily available in the market, and of good quality 
has ignited remarkable interest in mass-producing farmed insects. 
This is clearly reflected in previous studies in Uganda, Kenya, 
Rwanda, Benin, and other where farmers (poultry, fish, and pig 
farmers), feed traders and processors have shown significant mo-
tivation with over 80% of them demonstrating willingness to pay 
and integrate insect-derived protein in animal feed (Chia et al., 
2020). Though high levels of acceptability have been reported in 
a few countries, African farmers are willing to adopt and farm in-
sects. This underpins why the insect farming venture is expanding 
rapidly with many public and private sector partners are actively 
participating in the insect value chain.

Across Africa, the number of registered new private com-
panies are growing each day, due to the large numbers of insect 
farmer base of locally available experts to guide new market 
entrants through training and provision of start-kits (eggs or 
5-days old larvae) as the market rapidly expands and demand 
increases. Currently, the insect-based enterprises comprise of 
smallholder farmers, entrepreneurs (small-and-medium enter-
prises—SMEs), and large-scale insect farming companies. This 
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Figure 1. Schematic flow of the methodology for review of the status of the emerging insect-based enterprises in Africa.
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strongly suggests that the industry will continue to grow and 
become more profitable, particularly to the youths and women 
that make up majority of the vulnerable population. Through 
mapping, it is established that approximately 2,300 active insect 

farms exist in the continent (Figure 3), with <2% considered as 
large-scale insect farms.

This list is by no means exhaustive because the actual number 
of insect farms in the 54 countries remains largely unknown 

Figure 2. Illustration to demonstrate the replacement of major protein sources (fish, soya bean, and sunflower seeds) in animal feeds with insect protein to re-
duce competition between humans and animals on the limited food resources.

Figure 3. Distribution of semidomesticated and domesticated edible insect species in Africa. Countries with white background have no insect farming activities 
and those shaded with maroon color have operationalized insect farms for food and feed.
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Figure 3. Distribution of semidomesticated and domesticated edible insect species in Africa. Countries with white background have no insect farming activities 
and those shaded with maroon color have operationalized insect farms for food and feed.

beyond these estimates. So far, 14 farmed, or semifarmed insect 
species have been identified in Africa, particularly in Kenya 
with over 10 species. After the awareness campaign launched 
by FAO, many insect farms started emerging in 2013, which in-
dicates that it is a relatively new business opportunity in Africa. 
Among the insects farmed in Africa, silkworm (Bombyx mori 
L.) farming is the oldest form practiced in Kenya, Madagascar 
and Ethiopia dating back 25–50 years ago (Verner et al. 2021). 
However, black soldier fly (Hermetia illucens L.) is the fastest 
developing insect farming industry as shown in Figure 3. Our 
survey yielded fourteen insect species, which is consistent to 
that reported by Halloran et  al. (2018), who demonstrated 
that approximately 18 insect species were suitable for inten-
sive captive rearing (domestication) and upscaled production 
for animal feed or direct human consumption as food. (Verner 
et al. 2021) revealed that Kenya breeds approximately 17 edible 
insect species. Over 80% of the farmed insect species in Africa 
are produced for fish and livestock feed, while 15% for human 
consumption. On the other hand, only 5% of the farmed insects 
are used for both food and feed. The most popularly raised 
(>80%) edible insects include the black soldier fly, African palm 
weevil larvae, domestic silkworm (Bombyx mori), cricket spe-
cies (Gryllus bimaculatus, Acheta domesticus, and Scapsipedus 
icipe) and mealworms (Africa lesser mealworm and the yellow 
mealworm). Contrarily to other Africa countries, other in-
sects largely produced in Kenya include the garden fruit chafer, 
long-horned grasshopper, and the desert locust. However, the 
highest concentration of edible insect farms are located in East 
Africa, particularly, Kenya and Uganda.

However, advanced research has demonstrated that some 
more suitable insect species might likely be identified as the case 
of Kenya (Scapsipedus icipe Hugel and Tanga) (Tanga et al., 
2018)  and Gryllus madagascariensis Walker in Madagascar 
(Borgerson et al., 2021). Farmed insects are deliberately selected 
for large-scale commercial production due to the following op-
timal characteristics such as relatively short and simple life 
cycle, shortest generation time, better taste, disease resilience, 
higher growth rates, increased productivity, increased feed ef-
ficiency, increased insect tolerance to overcrowding, less ag-
gressiveness, manageability, and high nutritional profile—thus 
a regular cash flow and increased profitability to various in 
the farming systems (Lecocq et al., 2019). More than 80% of 
the farm-level grown insects generally require fewer than two 
months to complete their life cycle to marketable size or har-
vestable size. For example, house flies and black soldier fly have 
the shortest growth period compared to crickets and edible cat-
erpillars. The edible caterpillars and giant cricket (Brachitrupes 
membranaceus) have the longest life cycle, which explains why 
they are usually farmed under semimanaged and fluctuating 
environmental conditions.

In Africa, over 28% of the 2,300 insect species are considered 
edible (Kelemu et al., 2015). The 18 species suitable for farming 
requires reduced space and water, unlike other animal produc-
tion systems. Small and medium enterprises (SMEs) of insect 
can be housed in simple screen houses, home-based structures, 
or shelters. On the other hand, all the medium-and-large-scale 

insect farming facilities do require larger warehouse or large 
screen house facilities. These large-scale production facilities 
are generally located in urban or peri-urban areas, often close 
to industrial parks, or close to sources of plenty of organic 
municipal waste, which is primarily considered as feeding sub-
strate. In Africa, private sector investment is increasing in an 
alarming rate targeting large-scale production and supply to 
the marketplace of insect protein, particularly abroad. Large-
scale insect production companies and suppliers like Regen 
Organics (formerly called Sanergy Ltd (Kenya), InsectiPro Ltd 
(Kenya), Mana Biosystems Ltd (Kenya), Marula Proteen Ltd 
(Uganda), Black soldier fly Egypt (Egypt), Proticycle (South 
Africa), Inseco (South Africa), Maltento (South Africa), 
BioCycle (South Africa), Nambu (South Africa), and others—
are increasingly investing in novel insect-based proteins as feed 
sources. Investment capital reported from 2013 has ranged 
between US$1.0 and US$105 million in insect commercial 
farming operations (AgriProtein, 2018; AgriTech Capital, 
2019). These companies focus on black soldier with excellent 
biological capacity for efficient conversion of a broad range of 
organic substrates to nutrient-rich biomass. These substrates 
include vegetable waste, mixed household waste, animal waste 
such as manure or slaughter offal, industrial waste from brew-
eries, wineries, or other industries as well as human waste (fecal 
waste). The companies use a combination 2–3 different waste 
streams which are transformed by the insect larvae into mul-
tiple high-value and marketable products: oils (feedstock for 
biodiesel, additive in cosmetic and soap, adjuvant in repellants, 
glycerin products, etc.), chitosan products, nitrogen-rich soil 
conditioners (fertilizer), protein press cakes, and briquettes. 
The production capacity of these companies ranges from 6 to 
3,600 tons of dried BSF larvae per year (Tanga et al., 2021). 
Current estimate reveals that the volume of production of 
dried black soldier fly larvae (BSFL) in Africa is 19,732 tons 
per year with potential to produce 3.9 million tons of feed at 
50% inclusion of BSFL meal. This will be capable of feeding 
1.4 million broiler chicken (8 weeks), 2.8-million-layer chicks 
(2–8 weeks), 8.6-million-layer growers (9–18 weeks), and 
9.7-million-layer chicken producing table eggs from 20 to 72 
weeks. Unfortunately, information on the direct application 
of the dried black soldier fly larvae remains limited and needs 
comprehensive understanding.

Role of Insect Farming Industries in the 
Circular Economy

Across the African continent, most of the insect farms 
are rapidly increasing their production volumes, facility sizes, 
overall investments, and number of employees. Over the past 
five years, these insect enterprises significantly have addressed 
societal challenges, such as gender inequality, unemploy-
ment of the youths and women, and poor sanitation. For ex-
ample, these operations employs between 2 and 150 people 
in each farm, particularly from disadvantaged communi-
ties or most vulnerable segment of the populations including 
youth, women, and refugees or displaced. Thus, insect farming 
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provides an opportunity to empower rural women and youths 
by increasing their access to livelihoods, helping them achieve 
greater financial independence for all ages and income levels. 
Although, insect farming institutions and regulatory frame-
works are still in their infancy, understanding its many bene-
fits within a circular economy and One Health perspective is 
crucial (Figure 4). According to Zewdu et al. (2020), replacing 
the conventional feeds by 5% to 50% insect-based meal in the 
commercial poultry sector in Kenya would increase the avail-
ability of fish, soya bean, and maize that can feed 0.47 to 4.8 
million people. These could translate to reducing poverty by 
0.32 to 3.19 million people, increasing employment by 25,000 

to 252,000 people, and recycling of 2 to 18 million tonnes of 
biowaste. Similarly, the foreign currency savings would increase 
by 1 to 10 million USD by reducing feed and inorganic fertil-
izer importation. Also, in Uganda, it is projected that the sub-
stitution of existing protein sources with insect-based meal will 
generate net economic benefits of USD 0.73 billion in 20 years 
(0.037 billion per year) and lift about 4.53 million people above 
the poverty line in the country (Zewdu et  al., 2022). These 
findings suggest that greater investment is required to pro-
mote insect-based agribusiness for improved profitability, thus 
boosting economic, environmental, and social sustainability 
(Figure 5).

Figure 4. Schematic representation of edible insect farming in Africa through a circular economy and its contribution to Sustainable Development Goals 
(SDGs) and One-Health.
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Our observation is further supported by Verner et al. (2021) 
, who reported that each year, insect farming in Africa has the 
potential to generate crude protein worth up to US$2.6 billion 
and biofertilizers worth up to US$19.4 billion from 125 million 
tons of organic waste that is generated annually in sub-Saharan 
Africa. That is enough protein meal to meet up to 14% of the 
crude protein needed to produce pigs, fish, and chickens. The 
studies also estimated that through black soldier fly farming, 
the continent could replace 60 million tons of traditional 
feed production with black soldier fly larvae protein annually, 
leading to 200 million tons of recycled organic waste, 60 mil-
lion tons of organic fertilizer production, and 15 million jobs, 
while saving 86 million tons of carbon dioxide equivalent emis-
sions, which is the equivalent of removing 18 million vehicles 
from the roads. However, only 4% of this waste is recycled and 
the rest degrades in the open, threatening human health and 
contributes to greenhouse gas emissions. Therefore, countries 
are encouraged to enforce policies and strategies like adhering 
to the use of appropriate, safe, and cost-effective techniques to 
segregate, contain, transport, treat and distribute organic waste 
for effective recycling through different advanced technologies 
like insect farming.

The International Centre of Insect Physiology and Ecology 
jointly with the local governments of the various countries have 
strongly supported industrialization by establishing local pilot 
insect farms made up of simple locally fabricated processing 
machines, waste grinding mills, and implementing youth and 
women incubation programs with mentoring and personalized 
one-on-one hands-on training on various topics related to the 
edible insect value chain. These programs allow for exchange 
visits between insect farmers within or from other countries 

to visit these pilot facilities and learn insect rearing and pro-
cessing, pest and disease management, facility and equipment 
operations. These efforts are done in collaboration with univer-
sities and other research institutes. The pilots or demonstra-
tion or learning sites help to promote insect-based value-added 
products through exhibitions and media coverage events to 
raise the much-needed public awareness campaigns on the in-
sect sector’s value and benefits to the continent as a whole.

Processing of Edible Insects
In Africa, edible insects are consumed in raw or pro-

cessed forms (Hlongwane et  al., 2021). Processing is crucial 
for satisfying quality standards; meeting consumers expect-
ations; enhancing safety and preservation (Ojha et al., 2021). 
Processing methods can increase or decrease the nutrient con-
tent and digestibility of edible insects; and reduce microbial 
load and allergenicity of edible insects (Manditsera et al., 2019; 
Kewuyemi et al., 2020).

Traditionally, once insects are collected from the wild they 
are sorted to remove substrate residue, inactivated, starved 
overnight and degutted, the wings, legs, and ovipositors are re-
moved, then washed (Hlongwane et al., 2021; Meyer-Rochow 
et al., 2021). The insects can then be sun dried, roasted, toasted, 
boiled, fried, smoked, blanched, ground into powder, crushed, 
pickled or fermented (Melgar-Lalanne et al., 2019; Kewuyemi 
et  al., 2020). Insects powder and paste are incorporated into 
various food products or used directly in preparation of pre-
ferred dishes (Meyer-Rochow et al., 2021; Ojha et al., 2021).

More conventional processing methods such as freeze and 
oven drying, freezing, microwave processing, dry heat treat-
ment, dry fractionation, marination, ultrasound-assisted ex-
traction, cold atmospheric pressure plasma, supercritical CO2 
extraction, deep eutectic solvent extraction, enzymatic hy-
drolysis for fat, protein and chitin extraction, three-dimensional 
food printing technologies and modified atmosphere packaging 
methods have been tested on edible insects (Lee et  al., 2021; 
Ojha et al., 2021). However, most of these methods are not util-
ized in Africa; their efficacy should therefore be tested and ex-
plored for implementation in Africa to enhance the extraction 
of useful products from edible insects.

Nutritional Composition of Edible Insects 
in Africa

Edible insects are rich source of protein, carbohydrates, 
fats, energy, minerals, and vitamins. Figure 6 contains infor-
mation on the proximate composition of edible insects com-
monly consumed in Africa from different orders. The highest 
crude protein content of edible insects ranged from 63% to 
80% in Diptera and Orthoptera, respectively; crude fats varied 
between 33% and 77% in Homoptera and Lepidoptera, re-
spectively; carbohydrate ranged from 8% in Hemiptera to 52% 
in Coleoptera while the highest energy content oscillated 460 
to 777 kcal/100  g in Diptera and Lepidoptera, respectively 
(Rumpold and Schlüter, 2013; Hlongwane et al., 2020; Zhou 

Figure 5. Socioeconomic and environmental benefits of adopting insect-based 
feeds in Kenya.
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et al., 2022). Protein content of edible insects exceed the quan-
tity obtained from commonly consumed animal and plant pro-
tein sources. They also contain all the essential amino acids 
which makes them a suitable alternative to supplement the 
existing protein sources (Hlongwane et al., 2020; Zhou et al., 
2022). Insects fats contain high level of monounsaturated and 
polyunsaturated fatty acids that are critical in improving health 
outcomes such as prophylaxis of cardiovascular diseases and 
cancer (Govorushko, 2019; Zhou et al., 2022).

Insects are abundant in minerals and vitamins which are es-
sential in metabolic process of humans and animals (Table 1). 
Insects are rich in macro- and microminerals with high quantities 
of calcium (2,010 mg/100 g), potassium (3,259 mg/100 g) and 
phosphorus (21,800 mg/100 g) recorded in dipterans, lepidop-
terans, and orthopterans, respectively (Rumpold and Schlüter, 
2013; Hlongwane et al., 2020; Zhou et al., 2022). The highest 
quantities of zinc (232  mg/100  g) and iron (1,562  mg/100  g) 
have been reported in orthopterans (Hlongwane et al., 2020). 
Inclusion of insects in diets can therefore be employed to curb 
the rampant cases of iron and zinc deficiency that is widespread 
in children and women of childbearing age in Africa.

Insects contain vitamins such as retinol, riboflavin, niacin, 
pantothenic acid, folic acid, ascorbic acid, and tocopherol. 
Orthopteran contain high levels of retinol (67  mg/100  g) 
and tocopherol (30  mg/100  g) while higher level of niacin 
(15 mg/100 g), ascorbic (46 mg/100 g), and pantothenic acid 
(13 mg/100 g) occur in lepidopterans (Hlongwane et al., 2020; 
Zhou et al., 2022). Deficiency of vitamins and minerals lead 
to adverse health outcomes such as inflammatory bowel dis-
ease, anemia, and growth retardation; it also accounts for ap-
proximately one million premature deaths annually (Zhou 
et al., 2022). Inclusion of insects in diets can therefore improve 
health outcomes and lower the rate of premature deaths that 
arise from micronutrient deficiencies.

Safety of Edible Insects in Africa

Allergens
Insects like other arthropods contain allergens such as 

hemocyanin, hyaluronidase, microtubulin, phospholipase A, 
protomysin, and arginine kinase that produce allergic reactions 
in humans which may arise from handling or consumption of 

Figure 6. Comparative analyses of edible insect, plant and animal protein sources in Africa
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Figure 6. Comparative analyses of edible insect, plant and animal protein sources in Africa
insects (Meyer-Rochow et al., 2021). These reactions may be mild 
or severe and include dermatitis, conjunctivitis, edema, rhinitis, 
urticaria, asthma, facial swelling, itchy skin rash, difficulty in 
breathing, gastrointestinal issues, tachycardia, hives, fainting, 
mild hypotension, and anaphylactic shock (Ribeiro et al., 2021).

Allergenicity of edible insects can be mitigated through different 
processing methods such as fermentation, enzymatic hydrolysis, 
thermal processing, fermentation, high pressure processing, ir-
radiation, use of preservatives, and PH alterations (Kewuyemi 
et al., 2020; Zhou et al., 2022). However, some of these processing 
methods are not practised in Africa. There is need for screening 
for allergenicity of the edible insects’ species consumed across 
Africa in order to mitigate such allergic reactions (Babarinde et al., 
2021). Assessment of the efficacy of different processing methods 
in eliminating the allergenicity of edible insects is also paramount 
to ensure their safety as food and feed.

Biological hazards
Edible insects contain a wide array of microorganism some of 

which may be pathological to human and animals (Murefu et al., 
2019). Contamination arise from poor hygienic practices, inad-
equate packaging and storage conditions that can occur during 
rearing, harvesting, and processing (Mutungi et al., 2019).

More than 20 and 10 genera of bacteria and fungi, respect-
ively, have been isolated from wild harvested and mass reared 
edible insects (Murefu et al., 2019). Some of the bacterial spe-
cies are pathogenic to both human and animals; they may cause 
life-threatening infections and produce toxic effects that may 
be fatal (Meyer-Rochow et al., 2021; Niassy et al., 2022). There 
is lacuna of data on parasitic hazards associated with edible in-
sects in Africa; however, such evidence has been demonstrated 
outside the continent. A couple of helmiths (tapeworms, round 
worms, and whipworms) and protozoans (Toxoplasma, Giardia, 
and Entomoeba species) have been isolated from edible insects 
(Mutungi et al., 2019). In spite of this evidence, screening of 
edible insects for biological hazards in Africa remain limited 
raising safety concerns following their consumption.

Chemical hazards
Chemical hazards such as pesticides, heavy metals, 

antinutrients, and toxic bioactive substances have been reported 
in edible insects in Africa (Murefu et al., 2019; Mutungi et al., 
2019). Chemical contamination of edible insects arises from 
consumption of pesticide and metal contaminated vegetation 
and wastes from refineries in mining communities (van Huis 
et al., 2013; Meyer-Rochow et al., 2021). Organophosphorus 

Table 1. Mineral and vitamin content of different insect orders (Hlongwane et al., 2020; Rumpold and 
Schlüter, 2013; Zhou et al., 2022)
Parameter Blattodea Coleoptera Diptera Hemiptera Homoptera Hymenoptera Lepidoptera Orthoptera 

Proximate composition (%) dry matter

Crude protein 19.0–65.6 8.9–71.1 31.1–63 27.0–72.0 29–72 4.9–70.0 13.17–79.6 6.3–80.3

Crude fat 6.7–50.9 0.7–69.8 1.8–49 4.33–54.2 4–33 5.8–62.0 1.4–77.2 2.2–53.05

Crude fiber 2.2–13.1 1.5–28.1 0.0–12.4 2.0–23.0 19.2 0.9–29.1 1.68–29.0 1.0–22.8

Moisture 2.8–69.1 1.0–67.9 5.8–78.4 4.9 29.3 3.8–59.5 2.5–85.7 2.6–69.2

Ash 1.9–11.3 1.0–10.9 3.9–30.9 1.0–21.0 4.5–9 1.6–9.6 0.6–11.5 0.34–14.0

Carbohydrates 6.1–23.2 13.1–51.6 22.9–31.6 5.0–7.6 16.0 – 8.2–40.2 15.1–47.2

NFE 0.8–43.3 0.0–43.6 10.6 0.01–18.07 – 0.0–77.7 1.0–66.6 0.00–85.3

Energy (kcal/100 g) 617.4 282.3–652.3 326.9–460.3 329.0–622.0 329.0–629.0 400.1–655.0 293.3–776.9 90.1–566.0

Minerals (mg/100 g)

Calcium 0.1–132.0 0.0–208.0 140.0–2010.0 69.8–1021.2 – 15.4–108.0 7.0–391.0 2.0–1290.0

Potassium 336.0–507.3 0.2–2209.0 792.2 108.0–412.5 – 24.0–1159.5 47.6–3259.0 41.0–2030.0

Magnesium 0.2–47.7 6.1–280.0 130–673.4 63.1–1910.0 – 5.2–982.0 1.0–402.2 0.1–902.0

Phosphorus 1.5–136.0 1.5–1420.0 1100.0–1320 57.0–1234.3 – 106.0–936.0 45.9–1200.0 0.8–21800.0

Sodium 92.7–112.0 26.3–174.1 270.0–660.0 58.6–401.1 – 20.0–270.0 30.0–3340.0 1.0–1350.0

Iron 1.0–332.0 2.3–30.9 28.6–60.4 20.2–57.0 – 5.0–118.0 1.3–64.0 0.4–1562.0

Zinc 0.1–17.6 2.3–26.5 14.7–29.8 7.9–59.0 – 5.7–32.0 4.3–25.3 0.4–232.0

Manganese 0.1–1.7 0.2–1.36 1.6–21.5 3.2 – 0.3–32.3 0.3–10163.1 0.0–10.4

Copper 0.1–1.7 0.9–2.1 0.9–3.4 4.6 – 0.9–2.4 0.2–2.6 0.5–4.6

Vitamins (mg/100 g)

Vit A/Retinol 2.6–2.9 0.0–12.5 0 0.2 – 0.0–12.4 0.0–3.4 0.0–67.0

Vit B1 0.7 0.2–3.4 1.5 0.3–1.0 – 0.1–0.6 0.2–4.0 0.1–3.4

Vit B2/Riboflavin 1.5–2.0 0.1–2.6 2.3 0.3–0.9 – 0.2–20.3 0.1–5.5 0.0–11.1

Vit B3/niacin 2.7 0.4–14.8 11.1 0.7–2.6 – 0.3–6.3 1.0–15.2 1.2–12.6

Vit 5/Pantothenic acid – 3.7–6.9 – – – – 4.9–12.5 7.5–11.5

Vit B9/folic acid – 0.2–0.4 – – – 0.5 0.0–0.4 0.2–0.9

Vit C/ascorbic acid 3.0–23.8 3.1–45.7 – – – 0.0–36.1 2.0–46.3 0.0–25.5

Vit E/tocopherol – – – – – – – 1.3–30.0
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pesticides and heavy metals such as lead, chromium, cadmium, 
mercury, and nickel among others have been reported in Africa 
(Mutungi et  al., 2019). When consumed in large quantities, 
these contaminants have prolonged residual activity which 
leads to bioaccumulation along the food chain which result into 
adverse health challenges such as headache, cancer and failure 
in endocrine and reproductive system (Murefu et  al., 2019). 
This calls for the need for assessments of potential contamin-
ation of edible insects with pesticides in areas where chemical 
control of pests is employed to eliminate such risks.

Edible insects such as beetles, grasshoppers, stinkbugs, and 
caterpillars retain antinutrients such as phytates, tannins, ox-
alate, saponins, alkaloids, and thiaminases derived from plants 
in their tissues (Murefu et al., 2019; Mutungi et al., 2019). These 
substances may confer a bitter taste in food, interfere with feed 
intake, uptake of micronutrients, digestibility, and growth of 
animals while some of them may be toxic when consumed in 
large quantities (Kekeunou and Tamesse, 2016; Mutungi et al., 
2019; Meyer-Rochow et  al., 2021). The toxicity of high levels 
of antinutrients in edible phytophagous insects calls for their 
screening to eliminate the risk of their negative effects. There is 
also need for more research on the elimination or reduction of 
quantities of antinutirents in edible insects. Evidence suggest that 
this can be achieved through dephytinization of feed, manipula-
tion of diets in mass rearing units and processing through de-
activation and extraction of antinutrients (Mutungi et al., 2019).

Some insects such as termites, beetles, and caterpillars possess 
toxic bioactive compounds which makes them fatal upon con-
sumption (Pener, 2014). Cryptotoxic insects produce noxious 
substances such as dihydrotestosterone, toluene, benzoquinones, 
cantharidine, and cyanogenic glycosides. Consumption of such 
insects may result into adverse health outcomes in humans. 
For instance, cyanogenic glycoside are degraded to produce 
hydrogen cyanide that is associated with acute toxicity in human 
(Murefu et al., 2019; Mutungi et al., 2019).

Physical hazards
Consumption of edible insects such as grasshoppers without 

removal of their legs can result into fatal consequences due to 
abdominal blockage and constipation. This results from the 
presence of large spines and tibia that may necessitate surgical 
removal (van Huis, 2013; Kekeunou and Tamesse, 2016). Such 
hazards can be mitigated by processing to eliminate the un-
wanted parts and grinding of insects into powder.

Application

Insects as human food
The most abundant species of edible insects in Africa belong 

to the orders Lepidoptera (caterpillars), Orthoptera (locusts, 
crickets, and grasshoppers), and Coleoptera (beetles) (Kelemu 
et al., 2015; Babarinde et al., 2021). The insects are consumed at 
various stages of their lifecycles and form part of a main dish or 
snack depending on their seasonal availability (van Huis, 2013). 
Edible insects are also used as additives or substitutes for grain 

based foods with species such as termites, crickets, and grasshop-
pers incorporated in the production processed food products such 
as buns, biscuits and cookies as a way of increasing consumer ac-
ceptability (Ayieko et al., 2016; Melgar-Lalanne et al., 2019).

Edible insects’ proteins have been applied as additives to a 
couple of meat products such as sausages and meat batter in 
the west (Lee et al., 2021). In spite of this, limited work exists on 
the use of insects as additives in production of such products in 
Africa. This presents an opportunity that can be explored to pro-
vide alternative sources of animal proteins to curb food insecurity.

Insects as animal feed
The increasing demand and high cost of animal feed and 

feed ingredients calls for alternative cheaper sources of animal 
feed (van Huis, 2013; Govorushko, 2019). Insects have adequate 
nutrient to meet the nutritional demands of domesticated ani-
mals and can therefore be utilized to substitute protein sources 
in animal feed (van Huis et  al., 2013; Oyegoke et  al., 2014; 
Mutungi et al., 2019). For instance, production of black sol-
dier fly in Eastern Africa is estimated at 9,780 metric tons of 
protein annually which is adequate to substitute soy bean meal 
and fish meal in animal feed (Tanga et al., 2021). Other insects 
species commonly used in the production of animal feed in-
clude common housefly, silkworm, yellow mealworms, cock-
roaches, grasshoppers, and termites (van Huis, 2015, 2020). 
The use of insects as animal feed has been reported in several 
countries in Africa including South Africa, Nigeria, Togo, 
Democratic Republic of Congo, Angola, Benin, and Burkina 
Faso (Mutungi et al., 2019).

Insects as a source of frass fertilizer
Mass rearing of edible insects on organic waste streams 

has been reported to yield large quantities of frass (excreta) 
that forms a source of effective organic fertilizer that can be 
utilized in the development of sustainable agriculture and 
circular economy (Poveda, 2021). This recycling process into 
high-quality marketable organic fertilizer is an emerging area 
of research and business opportunities with high profit mar-
gins in Africa. The emerging products and their application 
are multipurpose, cost-effective, and environmentally friendly 
interventions that can significantly improve soil health, crop 
productivity and suppresses pests and diseases. Though this 
has received limited research attention, icipe has develop diver-
sified frass fertilizer products to suit different crops production 
requirements, accelerate wider product uptake by private sector 
partners for commercialization, and provide fertilizer and food 
self-sufficiency in the continent. The benefits of frass fertilizer 
include: addition of nutrients to the soil, addition of micro-
organisms and biomolecules that enhance plant growth and in-
creased tolerance to abiotic stress and resistance to pests and 
pathogens (Poveda, 2021; Beesigamukama et al., 2022). Frass 
fertilizer from nine different insect species have been reported 
to contained adequate quantities and concentration of nutri-
ents sufficient for improved soil fertility and crop productivity, 
therefore making them an alternative to existing organic and 
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inorganic fertilizers (Beesigamukama et  al., 2022). The team 
at the International Centre of Insect Physiology and Ecology 
(icipe) has developed over 10 different frass fertilizer products 
currently available in powdered, liquid and granulated forms 
using low-cost insect-based bioconversion technologies (Figure 

7). For example, the concentrations of nitrogen, phosphorous, 
and potassium (NPK) in powdered frass fertilizer products has 
been shown to be 1.5- to 2-folds higher than existing commer-
cial organic fertilizer (Figure 8). However, additional studies to 
generate evidence-based data on their potential benefits (i.e., 

Figure 7. Diversification of insect frass fertilizer production to suit production requirements and economic conditions.
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richness in beneficial microbes, growth hormones, chitin and 
free from contaminants) on various crop performance, yield, 
nutritional quality, pest and disease suppression or control as 
well as soil health are needed.

Many studies undertaken under field conditions have re-
vealed significant increase in crop vigour, growth performance, 
and yields per hectare (Figure 9) when compared to those grown 
on soils amended or unamended with commercial organic and 
synthetic fertilizers. Smallholder farmers using insect frass fer-
tilizer have been reported to observed significant increase of 
profitability up to 44% with high protein (2- to 3-folds) and 
minerals (2.8-folds) for harvested maize crop. Additional in-
formation on profitability and nutrient profiles of various 
crops grown using different insect frass fertilizers are urgently 
warranted. Additionally, in Africa the lack of affordable and 
quality pesticides have caused a continuous decrease in crop 
yields, pushing a large fraction of farmers into abject poverty, 
hunger, and food insecurity. Ongoing studies, have already dem-
onstrated the potential of chitin-fortified frass fertilizers to con-
trol of onion and cabbage root fly (Delia radicum), root knot 
nematodes (Meloidogyne incognita), potatoes cyst nematodes 
and tomato bacterial wilt disease (Ralstonia solanacearum). 
Preliminary results on chitin-fortified liquid frass fertilizer have 
shown promise to induce 100%, 96%, 27%, and 35% suppres-
sion of root knot nematodes, potato cyst nematodes, onion and 
cabbage root flies, and tomato bacterial wilt disease, respect-
ively (Figure 10). There are indications that root knot nema-
tode suppression capacity ranges from 89% to 95% when the 
soil was amended with chitin-fortified liquid frass fertilizer, 
which demonstrates an efficacy like that of synthetic nematicide 
(96%) (Kisaakye et al., 2023, unpublished). The high potential 
of frass fertilizer to reduce the incidence and severity of key 
crop pests such as aphids, fall armyworm, diamondback moth, 
whiteflies and leaf miners under climate-smart vertical farming 
systems has been documented (Abiya et al., 2022). This implies 
that insect-composted organic fertilizer has the capabilities to 
suppress soil-borne pathogens and pests while enhancing the 
activities of soil enzymes and beneficial soil microbes that are 

key in nutrient cycling and plant protection. Thus, these find-
ings provide evidence-based data to guide the introduction of 
frass fertilizer into the integrated pest management toolbox to 
manage multipurpose disease and pest situations frequently ob-
served under field conditions hampering crop productivity to a 
larger extend.

Insects as a source of bioactive compounds
Insects are recognized as viable source of bioactive com-

pounds such as polyphenols, peptides, polysaccharides, caroten-
oids, flavonoids, alkaloids, chitin, chitosan, and fatty acids which 
can be exploited due to their biological properties (Jantzen da 
Silva et al., 2020). The huge diversity of over 500 edible insect 
species (Kelemu et al., 2015) reported in Africa such as crickets, 
grasshoppers, beetles, black soldier fly, lesser mealworm, yellow 
mealworm, silk worm, saturniid caterpillars, termites, desert 
locust, palm weevils, among others are known to possess bio-
active substances with significant antimicrobial, antioxidant, 
antidiabetic, antihypertensive, anticancer, antitumor, blood 
lipid and glucose regulation, lowering of blood pressure and 
decreased risk of cardiovascular diseases, immunomodulating, 
anti-inflammatory, and antithrombotic properties (Zhou et al., 
2022). These substances can be exploited for medicinal use due 
to their pharmacological properties. Presently, much attention 
has not been paid to the role of bioactive compounds from ed-
ible insects on human and animal health (Babarinde et al., 2021).

Legislation
The establishment of regulations and policies on edible insects’ 

value chain in Africa is paramount to ensure sustainability and 
safety for consumers and the environment (Niassy et al., 2022). 
However, regulatory frameworks on the utilization of insects 
as food and feed in many countries are still lacking (Grabowski 
et al., 2020; Niassy et al., 2022). Realization of food safety regu-
lations on edible insects has been hampered by a wide array of 
factors such as limited compliance with international agreements 
on food safety and quality standards; inadequate enforcement of 
local, regional and international standards and global best prac-
tices; lack of large-scale industrial production of insects to supply 
and meet the growing demand by the food and feed sector; low 
quantities of insects consumed; limited data on insects’ safety 
and inadequate resources to facilitate scientific risk assessment 
and upgrading of food safety regulatory systems (van Huis, 2013; 
Niassy et al., 2022). It is noteworthy that the laws governing edible 
insects across the continent are contrasting, with each country 
withholding its own legislation, with high concerns on the safety. 
Given the inconsistency in the regulations it is challenging to 
market edible insects effectively due to the diversity of restric-
tions in the different countries (Azmir et al., 2013; Lähteenmäki-
Uutela et al., 2021). Azmir et al. (2013) reported that the lack of 
clear legislation on edible insect farming, consumption, and com-
mercialization in majority of the countries has severely hampered 
the development of insect-based enterprises and their potential to 
benefit the nutrition and health of humans and animals. Basically, 
many countries around the African continent are making 

Figure 8. Superiority of insect powdered frass fertilizer quality over commer-
cial organic fertilizers.



37August. 2023, Vol. 13, No. 4

intentional efforts toward regulating and developing standards 
on insect-derived products, particularly in European Union 
(Belgium, the United Kingdom, the Netherlands, the Kingdom of 
Denmark, Finland), Africa (Kenya, Uganda, Rwanda, Tanzania, 
and now in Ethiopia), United States, Central and South America, 
Asia, Canada, and Australia (Halloran et  al., 2015; Mariod 

et  al., 2020; Lähteenmäki-Uutela et  al., 2021). Currently, the 
International Centre of Insect Physiology and Ecology (icipe) 
and the African Organization for Standardisation (ARSO)  
have established a strategic partnership to promote the develop-
ment and harmonization of standards and conformity assessment 
for edible insect-derived products in Africa as the availability and 

Figure 9. Benefits of insect frass fertilizer on improved crop yield per hectare when compared to commercial organic and synthetic fertilizers as well as un-
amended soils.
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accessibility of insect farming, consumption, and development 
of high-value added products continues to grow.

Conclusion
The adoption of insect farming is growing at an alarming 

rate, but the volume required to supply the animal feed and 
human food market is still low. Safety of edible insects for food 
and feed remains a major concern. Advanced research on the 
role of bioactive compounds from edible insects on human 

health is largely lacking. Therefore, pharmacological, and 
therapeutic properties of edible insects need to be exploited 
for improve human and animal health. Insect frass fertilizer, 
another value-added product from insect farming is quickly 
picking up and ready for up scaling for improved soil health 
and increased crop yield. Africa’s regulatory frameworks are 
still in their infancy and require urgent attention. Countries 
like Kenya and Uganda that have developed new or modified 
existing regulations to accommodate new industries, insect 
farming is now operating almost throughout the entire country. 

Figure 10. Potential of insect-composted fertilizer in suppressing common pests and diseases affecting economically important crops in Africa.
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The emerging sector has created thousands of jobs in the pri-
vate sector and incomes for insect farmers and processors, who 
are increasingly investing in the novel insect-based protein.
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