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Foreword

It is widely accepted that by 2050 the world will host 9 billion people. To accomodate this 
number, current food production will need to almost double. Land is scarce and expanding 
the area devoted to farming is rarely a viable or sustainable option. Oceans are overfished 
and climate change and related water shortages could have profound implications for 
food production. To meet the food and nutrition challenges of today – there are nearly 
1 billion chronically hungry people worldwide – and tomorrow, what we eat and how 
we produce it needs to be re-evaluated. Inefficiencies need to be rectified and food waste 
reduced. We need to find new ways of growing food. 

Edible insects have always been a part of human diets, but in some societies there is 
a degree of distaste for their consumption. Although the majority of edible insects are 
gathered from forest habitats, innovation in mass-rearing systems has begun in many 
countries. Insects offer a significant opportunity to merge traditional knowledge and 
modern science in both developed and developing countries.

This publication has its beginnings in an effort in FAO’s Forestry Department to 
recognize the traditional practices of gathering insects for food and income, and to 
document the related ecological impacts on forest habitats. Thereafter, FAO embraced the 
opportunity to collaborate with the Laboratory of Entomology at Wageningen University 
in the Netherlands – an institution at the forefront of fundamental and applied research 
on insects as food and feed. This combined effort has since gained momentum and is 
unfolding into a broad-based effort at FAO to examine the multiple dimensions of insect 
gathering and rearing as a viable option for alleviating food insecurity.

This book draws on a wide range of scientific research on the contribution that insects 
make to ecosystems, diets, food security and livelihoods in both developed and developing 
countries. We hope that it will help raise the profile of insects as sources of food and feed 
in national and international food agencies. We also hope that it attracts the attention of 
farmers, the media, the public at large and decision-makers in governments, multilateral 
and bilateral donor agencies, investment firms, research centres, aid agencies and the food 
and feed industries. Above all, it is our hope that this publication will raise awareness of 
the many valuable roles that insects play in sustaining nature and human life and will 
also serve to document the contribution insects already make to diversifying diets and 
improving food security. 

 Eduardo Rojas-Briales Ernst van den Ende
 Assistant Director-General Managing Director
 FAO Forestry Department Department of Plant Sciences Group
  Wageningen University and Research Centre
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Authors’ preface

Insects are often considered a nuisance to human beings and mere pests for crops and 
animals. Yet this is far from the truth. Insects provide food at low environmental cost, 
contribute positively to livelihoods, and play a fundamental role in nature. However, 
these benefits are largely unknown to the public. Contrary to popular belief, insects 
are not merely “famine foods” eaten in times of food scarcity or when purchasing and 
harvesting “conventional foods” becomes difficult; many people around the world eat 
insects out of choice, largely because of the palatability of the insects and their established 
place in local food cultures. 

In 2008, within the framework of the Wageningen University–FAO partnership, a 
few researchers came together and began reviewing an extensive array of published and 
unpublished research and information on insect rearing and consumption. Their intention 
was to break down the aforementioned misconceptions and contribute positively to the 
development of the edible insects sector. The subject of edible insects inherently covers a 
wide range of thematic areas, from the conservation of habitats where insects are harvested 
to insect ecology, the artificial rearing of insect species, the processing of insects into 
food and feed products, and the labelling and marketing of insect-based food and feed 
products. This publication, therefore, draws from a wide range of disciplines and areas 
of expertise. It is a multidisciplinary effort involving technical experts specializing in 
forestry, animal farming, nutrition, the feed industry, legislation and food security policies. 

This publication marks the first attempt by FAO to document all aspects of the insect 
food and feed value chain, with the aim of enabling a comprehensive assessment of the 
contribution of insects to food and feed security. It includes original research from around 
the world, such as that carried out at Wageningen University. It also incorporates findings 
from the International Expert Consultation on Assessing the Potential of Insects as Food 
and Feed in Assuring Food Security, which took place at FAO headquarters in Rome, 
Italy, on 23–25 January 2012. This meeting marked the beginning of a dialogue between 
agricultural experts from various backgrounds and fostered an exchange of information 
on the potential benefits of using insects for food and feed as part of a broader strategy 
to achieve global food security. The participants at this meeting provided the authors 
with a wealth of supplementary data and valuable insights. These helped to shape the 
form and content of this book and its conclusions, which it is hoped can provide a basis 
for solutions to alleviate food insecurity. 

Insect rearing for food and feed remains a sector in its infancy, and key future challenges 
will likely emerge as the field evolves. As such, readers are encouraged to contact the 
authors with feedback on this book. Such contributions will undoubtedly assist the future 
development of the sector. 

Since the science of edible insects is still at a relatively pioneering stage, it boasts only 
a few scientists of renown. One of those, Gene R. DeFoliart (1925–2013), died shortly 
before this book was published. He spent his long academic career passionately raising 
awareness of insects as a global food source, and he continued his work in this area long 
after his retirement in July 1991. He was also the founder of The Food Insects Newsletter. 
The authors dedicate this book to his memory.
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Executive summary

This book assesses the potential of insects as food and feed and gathers existing information 
and research on edible insects. The assessment is based on the most recent and complete 
data available from various sources and experts around the world.

Insects as food and feed emerge as an especially relevant issue in the twenty-first 
century due to the rising cost of animal protein, food and feed insecurity, environmental 
pressures, population growth and increasing demand for protein among the middle classes. 
Thus, alternative solutions to conventional livestock and feed sources urgently need to 
be found. The consumption of insects, or entomophagy, therefore contributes positively 
to the environment and to health and livelihoods.

This publication grew from a small effort in 2003 in the FAO Forestry Department 
to document the role of insects in traditional livelihood practices in Central Africa and 
to assess the impact of harvesting insects in their natural habitats on the sustainability of 
forests. This effort has since unfolded into a broad-based effort to examine the multiple 
dimensions of insect gathering and rearing to clarify the potential that insects offer for 
improving food security worldwide. The purpose of this book is to bring together for the 
first time the many opportunities for, and constraints on, using insects as food and feed.

THE ROLE OF INSECTS
It is estimated that insects form part of the traditional diets of at least 2 billion people. More 
than 1 900 species have reportedly been used as food. Insects deliver a host of ecological 
services that are fundamental to the survival of humankind. They also play an important role 
as pollinators in plant reproduction, in improving soil fertility through waste bioconversion, 
and in natural biocontrol for harmful pest species, and they provide a variety of valuable 
products for humans such as honey and silk and medical applications such as maggot therapy. 
In addition, insects have assumed their place in human cultures as collection items and 
ornaments and in movies, visual arts and literature. Globally, the most commonly consumed 
insects are beetles (Coleoptera) (31 percent), caterpillars (Lepidoptera) (18 percent) and 
bees, wasps and ants (Hymenoptera) (14 percent). Following these are grasshoppers, locusts 
and crickets (Orthoptera) (13 percent), cicadas, leafhoppers, planthoppers, scale insects and 
true bugs (Hemiptera) (10 percent), termites (Isoptera) (3 percent), dragonflies (Odonata) 
(3 percent), flies (Diptera) (2 percent) and other orders (5 percent).

CULTURE
Entomophagy is heavily influenced by cultural and religious practices, and insects are 
commonly consumed as a food source in many regions of the world. In most Western 
countries, however, people view entomophagy with disgust and associate eating insects 
with primitive behaviour. This attitude has resulted in the neglect of insects in agricultural 
research. Despite historical references to the use of insects for food, the topic of entomophagy 
has only very recently started to capture public attention worldwide.

INSECTS AS A NATURAL RESOURCE
Edible insects inhabit a large variety of habitats, from aquatic ecosystems and farmed 
land to forests. Until recently, insects were a seemingly inexhaustible resource obtainable 
by harvesting from nature. However, some edible insect species are now in peril. A 
number of anthropogenic factors, such as overharvesting, pollution, wildfire and habitat 
degradation, have contributed to a decline in many edible insect populations. Climate 
change will likely affect the distribution and availability of edible insects in ways that are 
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still relatively unknown. This publication includes case studies from several regions on 
the conservation strategies and semi-cultivation practices of rural people to protect insect 
species and their host plants. Such efforts contribute to improved habitat conservation.

ENVIRONMENTAL OPPORTUNITIES 
The environmental benefits of rearing insects for food and feed are founded on the high 
feed conversion efficiency of insects. Crickets, for example, require only 2 kilograms of 
feed for every 1 kilogram of bodyweight gain. In addition, insects can be reared on organic 
side-streams (including human and animal waste) and can help reduce environmental 
contamination. Insects are reported to emit fewer greenhouse gases and less ammonia 
than cattle or pigs, and they require significantly less land and water than cattle rearing. 
Compared with mammals and birds, insects may also pose less risk of transmitting zoonotic 
infections to humans, livestock and wildlife, although this topic requires further research. 

NUTRITION FOR HUMAN CONSUMPTION
Insects are a highly nutritious and healthy food source with high fat, protein, vitamin, fibre 
and mineral content. The nutritional value of edible insects is highly variable because of 
the wide range of edible insect species. Even within the same group of species, nutritional 
value may differ depending on the metamorphic stage of the insect, the habitat in which 
it lives, and its diet. For example, the composition of unsaturated omega-3 and six fatty 
acids in mealworms is comparable with that in fish (and higher than in cattle and pigs), and 
the protein, vitamin and mineral content of mealworms is similar to that in fish and meat.  

FARMING SYSTEMS
Most edible insects are harvested in the wild. However, some insect species, such as bees 
and silkworms, have a long history of domestication because of the value of their products. 
Insects are also reared in large numbers for the purposes of biological control (e.g. as 
predators and parasitoids), health (e.g. maggot therapy) and pollination. The concept of 
farming insects for food is, however, relatively new; an example of rearing insects for 
human consumption in the tropics is cricket farming in the Lao People’s Democratic 
Republic, Thailand and Viet Nam. 

In temperate zones, insect farming is performed largely by family-run enterprises that 
rear insects such as mealworms, crickets and grasshoppers in large quantities, mainly 
as pets or for zoos. Some of these firms have only recently been able to commercialize 
insects as food and feed, and the part of their production intended for direct human 
consumption is still minimal.

A few industrial-scale enterprises are in various stages of start-up for rearing mass 
quantities of insects such as black soldier flies. They are mainly for consumption as whole 
insects or to be processed into meal for feed. Critical elements for successful rearing include 
research on biology, rearing condition control and diet formulas for the farmed insect 
species. Current production systems are expensive, with many patents pending. A major 
challenge of such industrial-scale rearing is the development of automation processes to 
make plants economically competitive with the production of meat (or meat-substitutes 
like soy) from traditional livestock or farming sources.

INSECTS AS ANIMAL FEED 
Recent high demand and consequent high prices for fishmeal/soy, together with increasing 
aquacultural production, is pushing new research into the development of insect protein 
for aquaculture and poultry. Insect-based feed products could have a similar market 
to fishmeal and soy, which are presently the major components used in feed formulae 
for aquaculture and livestock. Available evidence suggests that insect-based feeds are 
comparable with fishmeal and soy-based feed formulae. Live and dead insects already 
have established niche markets, mainly as feed given to pets and at zoos.
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PROCESSING  
Insects are often consumed whole but can also be processed into granular or paste forms. 
Extracting proteins, fats, chitin, minerals and vitamins is also possible. At present, such 
extraction processes are too costly and will need to be further developed to render them 
profitable and applicable for industrial use in the food and feed sectors.

FOOD SAFETY AND PRESERVATION  
The processing and storage of insects and their products should follow the same health 
and sanitation regulations as for any other traditional food or feed items in order to ensure 
food safety. Because of their biological makeup, several issues should be considered, 
such as microbial safety, toxicity, palatability and the presence of inorganic compounds. 
Specific health implications should also be considered when insects for feed are reared 
on waste products such as manure or slaughterhouse waste. Evidence of allergies induced 
through the ingestion of insects is scarce, but does exist. Some cases have been reported 
of allergic reactions to arthropods.

LIVELIHOOD IMPROVEMENT   
Insect gathering and rearing as minilivestock at the household level or industrial scale 
can offer important livelihood opportunities for people in both developing and developed 
countries. In developing countries, some of the poorest members of society, such as 
women and landless dwellers in urban and rural areas, can easily become involved in the 
gathering, cultivation, processing and sale of insects. These activities can directly improve 
their own diets and provide cash income through the selling of excess production as street 
foods. Insects can be directly and easily collected from nature or farmed with minimal 
technical or capital expenditure (i.e. for basic harvesting/rearing equipment). Rearing 
insects may also require minimal land or market introduction efforts, as insects already 
form part of some local food cultures. 

Protein and other nutritional deficiencies are typically more widespread in disadvantaged 
segments of society and during times of social conflict and natural disaster. Because of 
their nutritional composition, accessibility, simple rearing techniques and quick growth 
rates, insects can offer a cheap and efficient opportunity to counter nutritional insecurity 
by providing emergency food and by improving livelihoods and the quality of traditional 
diets among vulnerable people. 

ECONOMIC DEVELOPMENT  
Gathering and farming insects can offer employment and cash income, either at the 
household level or in larger, industrial-scale operations. In developing countries in Southern 
and Central Africa and Southeast Asia, where demand for edible insects exists and where 
it is relatively easy to bring insects to market, the process of insect gathering, rearing 
and processing into street foods or for sale as chicken and fish feed is easily within reach 
of small-scale enterprises. With only a few exceptions, international trade in insects for 
food is insignificant. The trade that does exist to developed countries is often driven by 
demand from immigrant communities or because of the development of niche markets 
that sell exotic foods. Border trade in edible insects is significant, mainly in Southeast 
Asia and Central Africa. 

COMMUNICATION  
The polarity of views surrounding the practice of entomophagy necessarily requires 
tailormade communication approaches for each of the various stakeholders. In the tropics, 
where entomophagy is well established, media communication strategies should promote 
edible insects as valuable sources of nutrition to counter the growing westernization of 
diets. Western societies require tailored media communication strategies and educational 
programmes that address the disgust factor. Influencing the public at large as well as 
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policymakers and investors in the food and feed sectors by providing validated information 
on the potential of insects as food and feed sources can help to push insects higher on 
political, investment and research agendas worldwide. 

LEGISLATION  
Regulatory frameworks governing food and feed chains have expanded tremendously in 
the last 20 years; however, regulations governing insects as food and feed sources are still 
largely absent. For developed countries, the absence of clear legislation and norms guiding 
the use of insects as food and feed is among the major limiting factors hindering the 
industrial development of farming insects to supply the food and feed sectors. In developing 
countries, the use of insects for human or animal food is, in practice, more tolerated then 
regulated. The feed sector seems to take the lead in pushing for the development of more 
insect-encompassing norms, while the “novel food” concept seems to be emerging as a 
leading instrument for setting rules and standards for the use of insects in human foods. 

THE WAY FORWARD  
Any effort to release the huge potential that insects offer for enhancing food security 
requires that the following four key bottlenecks and challenges are addressed simultaneously. 
First, further documentation is needed on the nutritional values of insects in order to 
more efficiently promote insects as healthy food. Second, the environmental impacts of 
harvesting and farming insects must be investigated to enable comparison with traditional 
farming and livestock rearing practices that may be more environmentally damaging. 
Third, clarification and augmentation of the socio-economic benefits that insect gathering 
and farming can offer is needed, in particular to enhance the food security of the poorest 
of society. Finally, a clear and comprehensive legal framework at (inter)national levels is 
needed to pave the way for more investment, leading to the full development (from the 
household to the industrial scale) of production and international trade in insect products 
as food and feed sources.
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1.2.1 Central African study documenting the role of caterpillars 
The Non-Wood Forest Products Programme of the FAO Forestry Department initiated 
a review in 2003 to describe the contribution of edible insects to diets in Central Africa. 
Four case studies and many other studies were commissioned in Central Africa with 
an emphasis on the Congo Basin because of the significant consumption of wild insects 
from important forestry resources and wildlife ecosystems. The report Contribution of 
Forest Insects to Food Security: the Example of Caterpillars in Central Africa quantified 
the role of edible insects as food and, as such, initiated a discussion on entomophagy as 
an important practice in food security. The summary and conclusions of the publication 
were taken up in the Overseas Development Institute�s Wildlife Policy Briefing, which 
helped to further raise awareness among decision-makers in forestry and in bushmeat 
crisis discussions of the important role that edible insects play in the food security of 
forest-dependent people.

1.2.2 Conference in Chiang Mai, Thailand 
In February 2008, the FAO Regional Office for Asia and the Pacific organized an 
international workshop in Chiang Mai, Thailand, titled Forest Insects as Food: Humans 
Bite Back. The workshop brought together many world experts on entomophagy, 
focusing specifically on the science, management, collection, harvesting, processing, 
marketing and consumption of edible forest insects, as well as their potential to be reared 
commercially by local farmers. The proceedings of the Chiang Mai workshop aimed to 
raise awareness of the potential of edible forest insects as a food source, document the 
contribution of edible insects to rural livelihoods, and highlight linkages to sustainable 
forest management and conservation. 

1.2.3 Laos Technical Cooperation Programme, 2010�2013 
FAO is implementing a technical cooperation project in the Lao People�s Democratic 
Republic in the period 2010�2013, called �Sustainable insect farming and harvesting 
for better nutrition, improved food security, and household income generation�. The 
project is an immediate response to several interventions identified in the Lao People�s 
Democratic Republic National Nutrition Strategy and National Plan of Action for 
Nutrition, which was finalized and endorsed in December 2009, namely improving 
nutrient intake and addressing underlying causes (through improved access to food and 
increasing and diversifying domestic food production).

The project is focusing on strengthening the existing role of insects as complementary 
food in local diets, recognizing the role of traditional insect-collecting in the wild, by 
enhancing the sustainability, safety and efficiency of insect collection, preparation, 
post-harvest processing and consumption, as well as expanding insect farming.

1.2.4 FAO�WUR collaboration 
As a follow up to the FAO workshop in Chiang Mai in 2008, the Non-Wood Forest 
Products Programme of the FAO Forestry Department and the Wageningen University 
and Research Centre (WUR) (Laboratory of Entomology) initiated a collaborative 
effort to promote entomophagy. The first step was the creation of a policy note, 
Promoting the Contribution of Edible Forest Insects in Assuring Food Security, for 
the FAO Forestry Department. This note outlined the long-term strategies for FAO 
in making the edible insects programme an integrated, regular FAO programme and 
creating awareness among (inter)national organizations/agencies and donors dealing 
with food security. In 2010, two researchers and authors of the present publication, 
Arnold van Huis and Joost Van Itterbeeck from WUR, worked at FAO for several 
months. A bibliography of publications concerning edible insects and a database on 
�who is who� in the entomophagy world was developed based on a widely disseminated  
questionnaire. Additionally, the writing of the present publication commenced, along 
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with preparations for conceptualizing and holding an international expert consultation 
in January 2012.

1.2.5 Expert consultation meeting 
The Expert Consultation Meeting on Assessing the Potential of Insects as Food and Feed 
in Assuring Food Security took place on 23�25 January 2012 at FAO headquarters in 
Rome. Jointly organized by FAO and WUR with the financial support of the Government 
of the Netherlands, the meeting aimed to open a dialogue and foster an exchange of 
information and expertise on the potential benefits of using insects for food and feed 
as part of a broader strategy to achieve global food security. Fifty-seven experts from 
international agencies, scientific institutions and private-sector stakeholders, together 
with staff from relevant FAO disciplines (nutrition, aquaculture, livestock, veterinary 
science, food safety, forestry and conservation) attended the meeting. These experts 
and entrepreneurs � specialized in various aspects of insect rearing, plant protection 
and food engineering � mapped the current state of the art and identified knowledge 
gaps in the following thematic areas: insect ecology and biology; farming insects; 
insects as livestock and fish feed; nutrition; processing and trade; food and feed safety; 
communication strategies; and policies to achieve food security. 

1.2.6. Webportal of edible insects 
FAO has maintained a webportal on edible insects since 2010. It provides basic information 
on the use and potential of edible insects as well as relevant weblinks, such as to the 
proceedings of the 2008 Chiang Mai workshop, information on the Expert Consultation 
Meeting in Rome in 2012, and other relevant technical information, videos and media 
coverage. The address of the webportal is www.fao.org/forestry/edibleinsects.
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2. The role of insects

2.1 BENEFICIAL ROLE OF INSECTS FOR NATURE AND HUMANS 
Over the past 400 million years, evolution has produced a wide variety of arthropod 
species adapted to their environments. About 1 million of the 1.4 million described 
animal species on earth are insects, and millions more are believed to exist. Contrary 
to popular belief, of the 1 million described insect species, only 5 000 can be considered 
harmful to crops, livestock or human beings (Van Lenteren, 2006). 

2.1.1 Benefits for nature
Insects deliver a host of ecological services fundamental to the survival of humankind. 
For instance, insects play an important role in plant reproduction. An estimated 
100 000 pollinator species have been identified and almost all of these (98 percent) 
are insects (Ingram, Nabhan and Buchmann, 1996). Over 90 percent of the 250 000 
flowering plant species depend on pollinators. This is also true for three-quarters 
of the 100 crop species that generate most of the world�s food (Ingram, Nabhan and 
Buchmann, 1996). Domesticated bees alone pollinate an estimated 15 percent of these 
species. The importance of this ecological service for agriculture and nature more 
generally is undisputed.

Insects play an equally vital role in waste biodegradation. Beetle larvae, flies, ants 
and termites clean up dead plant matter, breaking down organic matter until it is fit 
to be consumed by fungi and bacteria. In this way, the minerals and nutrients of dead 
organisms become readily available in the soil for uptake by plants. Animal carcasses, 
for example, are consumed by fly maggots and beetle larvae. Dung beetles � of which 
there are about 4 000 known species � also play a significant role in decomposing manure. 
They can colonize a dung heap within 24 hours, preventing flies from developing on 
them. If the dung remains on the soil surface, about 80 percent of the nitrogen is lost 
to the atmosphere; the presence of dung beetles, however, means carbon and minerals 
are recycled back to the soil, where they further decompose as humus for plants. When 
cattle were introduced to Australia in 1788, waste biodegradation became an immediate 
problem, as endemic dung beetles were simply insufficient to decompose the increased 
amounts of manure. Australian dung beetles had adapted to the dung of marsupials (e.g. 
kangaroos), which differs from bovine dung in various ways, including in size, texture 
and water content (Bornemissza, 1976). The Australian Dung Beetle Project was initiated 
to solve the problem, and dung beetles were introduced to the continent from South 
Africa, Europe and Hawaii (of 46 introduced species, 23 established).

BOX 2.1
Outbreaks of the brown planthopper

Brown planthoppers (Nilaparvata lugens) cause considerable damage by sucking sap from 
rice plants, causing them to wilt and die. They also transmit three viral diseases that stunt 
rice plants and prevent grain formation. When using pesticides, beneficial insects that 
prey on planthoppers are killed when insecticides are used injudiciously. Beneficial insects 
that feed on planthoppers keep pest populations below outbreak levels. However, when 
this balance is disrupted, planthopper outbreaks occur.
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Beneficial fauna, including insects, buttress the natural resistance of agro-ecosystems. 
Pest insects have a large array of natural enemies, predators and parasitoids, keeping them 
under economic threshold levels. However, by using insecticides, vulnerable beneficial 
insects can be killed quicker than the targeted pest insect. One reason for this is that 
the target pest is often better protected (such as stem borers by the stem and mites 
by webs) than beneficial insects, which need to forage. Following the application of a 
synthetic pesticide, the population of the pest insect first decreases but then increases 
exponentially, because the pest insect can now develop without being constrained 
by attacks from beneficial insects. A notorious example of this is the outbreak of the 
brown planthopper in rice instigated by the use of pesticides (Box 2.1) (Heinrichs and 
Mochida, 1984).

Virtually all agro-ecosytems benefit from insects because they can naturally control 
harmful pest species. The number of insects that parasitize or prey on other insects is 
vast. Ten percent of all insects are parasitoids (Godfray, 1994). Entire orders of insects � 
such as Odonota (dragonflies) and Neuroptera (net-winged insects such as lacewings and 
antlions) � are predators. A large percentage of true bugs (Hemiptera), beetles (Coleoptera), 
flies (Diptera) and wasps, bees and ants (Hymenoptera) are also predators. The number 
of beneficial insect species in the average agro-ecosystem typically far outweighs the 
number of harmful insect species. For example, in a study carried out in a single agro-
ecosystem in rice fields in Indonesia, Settle et al. (1996) recorded 500 beneficial insect 
species and 130 pest species. Another 150 insect species were deemed �neutral� since they 
do no attack rice, although they served a very important role in the survival of predators 
when rice was lacking. Beetles have also been used to control water hyacinth invasions. 
Snout beetles (Neochetina spp.), imported from Australia, successfully controlled the 
water hyacinth in Lake Victoria (Wilson et al., 2007).

2.1.2 Beneficial roles of insects for humans
Besides serving as sources of food, insects provide humans with a variety of other valuable 
products (Box 2.2). Honey and silk are the most commonly known insect products. 
Bees deliver about 1.2 million tonnes of commercial honey per year (FAO, 2009b), while 
silkworms produce more than 90 000 tonnes of silk (Yong-woo, 1999). Carmine, a red 
dye produced by scale insects (order Hemiptera), is used to colour foods, textiles and 
pharmaceuticals. Resilin, a rubber-like protein that enables insects to jump, has been 
used in medicine to repair arteries because of its elastic properties (Elvin et al., 2005). 
Other medical applications include maggot therapy and the use of bee products � such 
as honey, propolis, royal jelly and venom � in treating traumatic and infected wounds 
and burns (van Huis, 2003a).

Insects have also inspired technology and engineering methods. The silk proteins 
of arthropods (e.g. spiders) are strong and elastic and have been used as biomaterials 
(Lewis, 1992). The unique structure of silk, its biocompatibility with living systems, 

BOX 2.2
Common insect products and services

Cochineal (carmine dye): scale insects Royal jelly (beauty products): bees
Honey: bees Silk: silkworms
Shellac (polish): various Hemiptera Termite hills (architectural models): termites
Pollination: various insects Venom (treatment for inflammatory
Propolis (natural medicine): bees  diseases): bees
Resilin protein (for artery repair):  Beeswax (cosmetics and candles): bees
 human flea
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its function as a tool for new materials engineering and its thermal stability are only a 
few of the features that make it a promising material for many clinical functions (Vepari 
and Kaplan, 2007). For example, researchers inserted a spider�s dragline silk gene into 
goat DNA in such a way that the goats would make the silk protein in their milk. This 
�silk milk� could then be used to manufacture a weblike material. Chitosan, a material 
derived from chitin that makes up the exoskeleton of insects, has also been considered 
as a potential intelligent and biodegradable biobased polymer for food packaging. Such 
natural packaging using the �skin� of insects can acclimatize the internal environment, 
protecting the product from food spoilers and micro-organisms. In particular, chitosan 
can store antioxidants and exhibits antimicrobial activity against bacteria, moulds and 
yeasts (Cutter, 2006; Portes et al., 2009). However, the chitosan polymer is sensitive 
to moisture and could therefore be impractical in its 100 percent natural form (Cutter, 
2006). Termite hills and their complicated network of tunnels and ventilation systems 
serve as useful models for constructing buildings in which air quality, temperature and 
humidity can be regulated efficiently (Turner and Soar, 2008). Drawing on nature � or 
rather imitating it � to solve human problems is called biomimicry. 

The branch of entomology � or the scientific study of insects � that explores the 
influence of insects on culture (e.g. language, literature, art and religion) is known as 
cultural entomology (Box 2.3) (Hogue, 1987). Contributions from this field have helped 
highlight the distinct role that insects have assumed in literature (in particular children�s 
books), movies and visual art, as well as their place as collection items, ornaments and 
more generally as inspiration for creative expression.

BOX 2.3
Examples of cultural entomology2

1. Ornamental insects
Insects are fascinating creatures that can easily be prepared and stored for extended 
periods. Given that some species and genera, mainly beetles and butterflies, are often 
large and extremely colourful, it is unsurprising that insects have become collectors� 
items. Species of commercial interest mostly belong to a few butterfly and beetle 
families. While the majority of insects are still collected in the wild, a number of butterfly 
farms rear and sell the pupae of common butterfly species. The rearing of insects by 
hobbyists is a recent trend (a few decades at best). The market for dead specimens and 
the number of insect collectors, however, seem to be in decline. 

The public sector (e.g. zoological gardens and butterfly parks) is interested mainly 
in large and eye-catching butterfly species. These species are farmed or ranched in 
butterfly farms in tropical countries and the pupae shipped internationally.3 Prices per 
pupae are low, ranging from a few cents up to a few United States dollars per pupa. 
These farms employ labour and provide income for local people. In Papua New Guinea, 
host to the fantastic-looking genus Ornithoptera, commonly known as bird wings, the 
government took an active approach in promoting butterfly ranching as a source of 
income for local farmers. 

Beetles and other insects are not commonly reared in their countries of origin, 
but rather by private and professional insect growers around the world. Japan and 
Taiwan have strong beetle-farming communities (mainly for Lucanidae, Cetoniidae and 
Dynastidae), with the industrial-scale production of rearing materials, several insect shops  

2 The ornamental insects part of this box was contributed by Benjamin Harink.  
3 For a list of butterfly farms, please refer to the International Association of  
 Butterfly Exhibitors.
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