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World population
• The world is less than 40 years away 

from a food shortage crisis that will 
have serious implication on the 
people and governments. 

• For the first time in human history, 
food production will be limited on a 
global scale by the availability of 
land, water and energy 

• Estimated at 9 billion by 2050. 

• This will call for a 70% increase in 
food production to meet the demand.

http://theemergencyfoodsupply.com/archives/the-coming-global-food-shortage



Climate change
• The seasons are shifting, 

temperatures are increasing, and 
sea levels are rising. 

• Due to the changing landscape, 
this has led to reduced agricultural 
land for crops and livestocks. 

• The situation is further worsen by 
the increase risk of drought, fire 
and flood.   

• This will lead to a food shortage 
crisis.

http://assets.inhabitat.com/wp-content/blogs.dir/1/files/2012/04/global-
warming-record-temperatures-2012-537x442.jpg

http://blogs.e-rockford.com/applesauce/files/2011/05/
eng_gw_polarb_bm_ba_763282g.jpg

Deforestation and agricultural land use
• One of the main causes for 

deforestation is to clear land for pasture 
and crops. 

• 5% due to cattle ranching, 19% due 
to over-logging, 22% due to oil palm 
sector and 54% due to slash-and-
burn farming (Myers 2008). 

• Livestock also feed on food crop 
such as corn that are grown on large 
area of land that could be otherwise 
used to grow food for man.

• Agriculture caused significant effects 
on climate change, through the 
production and release of greenhouse 
gases such as carbon dioxide, 
methane, and nitrous oxide, 

http://www.fredhoogervorst.com/oni.app/local/upload/25952.jpg

http://assets.worldwildlife.org/photos/983/images/story_full_width/deforestation-causes-HI_ 
104236.jpg?1406604922

Water usage
• Agriculture accounted for ~92% of 

global water footprint (Perkins 2012). 

• The water needed to grow cereal grains 
(eg. wheat, rice, and corn) accounted 
for about 27% of global water 
consumption; meat and dairy products 
accounted for another 22% and 7%, 
respectively. 

• The use of pesticides in agriculture also 
polluted the water that could be used 
for drinking. 

• It is estimated that by 2025, 1.8 billion 
people will be living in regions with 
absolute water scarcity, and 2/3 of 
world’s population will likely be under 
water-stress.

http://www.silverbearcafe.com/private/04.09/images/drought.jpg

http://media.tumblr.com/tumblr_m73zqwbdgH1qclfey.jpg

Beneficial roles of insects
• As pollinators. 
• Honey and other bee products 
• Waste biodegradation. 
• Natural control agents against 
harmful pests. 

• Silk. 

• As medicine. 
• Inspiration for new technology 
and engineering. 

• As pet. 

• As food to mankind.



Entomophagy
• Definition: The consumption of insects 

as food. 

• A number of insect species have been 
consumed by man since prehistoric 
times and continue to be eaten. 

• Insect eating culture is common 
among some cultures in Asia, Africa 
and South America. 

• There are over 1000 insect species 
that are known to be eaten. 

• However in some societies, insect-
eating is prohibited and associated 
with poor socio-economic status.http://4.bp.blogspot.com/-9NieIZXm_NE/UbUgMlfVrlI/

AAAAAAAAoVg/JWHfyDgqCEA/s1600/
draft_lens18071676module150996803photo_1308675871insec
t_eat_grasshopper_bu.jpg

http://2.bp.blogspot.com/_2f2ywPBeTyM/TThAar8RQtI/
AAAAAAAAGok/dRxzE5laRAo/s1600/Bug_Mac.jpg

• In 1885, Vincent Holt 
published a little book on 
entomophagy. 

• Holt argued that the 
nutritional content of insects 
could help the dietary 
inadequacies of the "working 
man".  

• He also cited that many 
cultures incorporate insects 
in their diet, and questioned 
peoples squeamishness on 
the subject.

Why not eat insects?

Why are 
insects a 

good 
choice of 
protein?

Insects are a healthy choice
• Insects are healthy, nutritious 

alternatives to mainstream 
protein sources such as 
chicken, pork, beef and 
even fish. 

• Insects are rich in protein 
and good fats, and high in 
calcium, iron and zinc. 

• Termites have high 
polyunsaturated fatty acids 
which are considered better 
for human health than the 
saturated fat.

Protein (g/100 g)

Grasshopper (A)

Silkworm (L)

Mealworm (L)

Crickets (A)

Termites (A)

Beef (raw)

Tilapia

Prawn

Squid

0 7 14 21 28

Source: FAO 2012

Comparison of average protein content



Environment
• Insects emit less 

greenhouse gases 
(GHGs) than most 
livestock. 

• Insect rearing requires 
small area compared 
to livestock which may 
need land clearing. 

• Ammonia emissions 
from insect rearing is 
far lower than livestock.

GHGs: CO2, CH4, N2O,  
O3 and CFCs. 

Production of greenhouse gasses and 
ammonia per kg of mass gain

• Livestock rearing accounted 
for 18% of greenhouse gas 
emissions (GHG), higher than 
the transport sector. 

• In terms of breakdown, it 
produced 9% of global CO2 
emission, 35-40% of global 
methane emission and 65% of 
global nitrous oxide emission. 

• Insects such as mealworm 
larvae, crickets and locusts 
cause GHG emissions by less 
than 100X, and ammonia by 
less than 10X.

Efficiencies of production of 
conventional meat and crickets

http://www.wired.com/wp-content/uploads/blogs/design/wp-content/uploads/2013/07/farm432-infographic.jpg

Land use for the production 
of 1 kg of protein

• Mealworms are a more 
environmentally friendly 
source of animal protein than 
milk, chicken, pork and beef.

mealworms
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beef
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Oonincx & de Boer 2012



http://sustainableutah.files.wordpress.com/2014/02/water-use.jpg

379 liter

Insects do not serve as reservoirs 
to pathogens of zoonotic diseases

• Zoonotic infections from animals to man 
have raised a lot of concerns in the recent 
years. 

• Animals (both domesticated and wild) could 
act as reservoirs to pathogens such as 
coronavirus (SARS), influenza A viruses 
(H5N1 and H7N9), Nipah, Ebola, West Nile 
virus, etc. 

• Because insects are taxonomically much 
distant from mankind than the conventional 
livestock, the risk of zoonotic infection is 
expected to be low or nil.

Where and what are the 
insects that are being 

eaten in Asia?

Yunnan, China



Dragon fly larvae 
(Yunnan, China)

Silkworm pupae 
(Hangzhou, China)

Van Huis et al. (2012)

Nagano, Japan

http://sinopix.photoshelter.com/gallery-image/Japan-Insect-Eating-World-Food-Shortage/G0000jI3fcWHeCzk/I0000BaXU_D3KXsQ/C0000oOJKaVcq2Oc

Nagano insect cruisine

非常においしい

Skewered grasshopper (Beijing)

http://images.nationalgeographic.com/wpf/media-live/photos/000/084/cache/beijing-market-china_8416_600x450.jpg



Insect food stall (Bangkok)

Silkworm pupae (Bangkok)

http://4.bp.blogspot.com/_1bNLR0hwwWY/S7sxj1obJeI/
AAAAAAAAC70/ER0QS9Gx6Fs/s1600/P1010104.JPG

อร่อยมาก！

Bamboo worm (Omphisa fuscidentalis)  
(Chiangmai, Thailand)

http://edition.cnn.com/2013/05/17/travel/travel-guide-insects/

Cambodia and Laos

!"ញ$%ស$ !



Silkworm pupae  
(South Korea)

http://edition.cnn.com/2013/05/17/travel/travel-guide-insects/

아주 맛있는 !

Weaver ant eggs and larval salad

อร่อยมาก！

Sago palm weevil 
(Rhynchophorus ferrugineus) 

(Sarawak/Sabah (Borneo), Malaysia)

http://jonginarnhem.nl/wp-content/uploads/2013/05/sago.jpg

Fried honey bee larvae
(Kelantan, Malaysia)

https://c2.staticflickr.com/8/7058/7114236155_d4d9edd85c_z.jpg http://www.fao.org/docrep/w0076e/w0076ea6.jpg



Queen Termite 
(Malaysia and Singapore)

http://2.bp.blogspot.com/-wHzqEV9f-0E/TxWGISh1VNI/AAAAAAAAJWU/JFqnUBoQ7A0/s1600/termite.jpg
http://www.seattleglobalist.com/wp-content/uploads/2013/09/Bugs-Infographic.jpg

Source:  Jongema 2012, Wageningen University

What do the insects taste like? 
The proof of the insect gourmet is in the eating…

• Grasshoppers are neutral and 
sometimes grassy in flavour. 

• Bees and wasps taste like 
almonds and peanuts. 

• Mealworms taste like fried 
lard. 

• Crickets taste like pop corn. 

• Sago palm weevil taste like 
rich creamy toffee.

http://media.treehugger.com/assets/images/2011/10/eating-insects.jpg

http://www.cbc.ca/q/Daniella%20close%20up.jpg



Underlying challenges 
of entomophagy

Negative attitudes towards insects
• The negative perception towards insects 

is entrenched in western societies (van 
Huis et al. 2013). 

• In the West, people view insects as dirty 
and with disgust, and associate eating 
insects with primitive behaviour. 

• This has gradually influenced the modern 
society in Asia especially the more 
affluent communities, despite Asia has a 
long insect eating culture. 

• In Thailand, eating insects was more 
common among the rural communities 
than among the urbanites. 

• Urban and educated people are less 
likely to eat insects, even among the 
entomologists (Chen et al. 1998)

http://i.telegraph.co.uk/multimedia/archive/02561/locust-lunch_2561784b.jpg

http://gdb.rferl.org/2FB6FCC3-6FA8-4F6A-B279-F00D77DB5F63_mw1024_s_n.jpg

Allergic reactions 
• Like most of arthropods, 

insects could induce allergic 
reactions in sensitive 
individuals (immunoglobulin E 
[IgE] mediated).   

• These allergens may cause 
eczema, dermatitis, rhinitis, 
conjunctivitis, congestion, etc.   

• Individuals who have allergic 
reactions towards arthropod 
foods such as prawn, lobster, 
crab, etc are not advisable to 
consume insects.

http://img.webmd.com/dtmcms/live/webmd/consumer_assets/
site_images/articles/health_tools/food_allergy_triggers_slideshow/

princ_rm_photo_of_food_allergy_rash.jpg

Processing edible insects



Processing edible insects
• After being harvested from the wild, or from domesticated 

rearing, the edible insects could be killed via freeze-drying, 
sun-drying or boiling. 

• They can be processed and consumed in either of this form: 
(1) whole insects, (2) in ground or paste form, (3) as an 
extract of protein, fat or chitin for fortifying food. 

• Whole insects are often consumed in Asia, whether they are 
roasted, fried or boiled. 

• To people who are unable to accept insects as a legitimate 
protein source, the insects could be ground and milled into 
powder form and used like as insect flour, or made into 
ready-to-eat products.

SOR-Mite 
(Protein-enriched sorghum porridge)

• A sorghum mixture enriched with termites. 

• The nutritionally weak grain is consumed in Africa, but low 
in proteins and fats and lack essential amino acids. 

• The grain is fortified with the alates of subterranean termite 
Macrotermes that are collected during the beginning of 
rainy season. 

• The fermented mixture can be consumed as porridge. 

• This innovation won the first price in the Annual Food Expo 
in the US in June 2009.

Termite crackers
• In East Africa, termites 

and lake flies could be 
roasted, sun dried, ground 
and mixed with other 
ingredients and processed 
into food products such as 
crackers, muffins, meatloaf 
and sausages (Ayieko et 
al. 2010) — yet to be 
commercialized.

Crikizz
• Developed by Ynsect and some 

French students. 

• Crikizz are spicy, popped snacks 
based on mealworms and cassava. 

• The mealworm composition varies 
between 10 and 20% based on the 
product line (classic to extreme). 

• The high fat composition in 
mealworms no longer requires any 
fat to be added into the product. 

• Crikizz won a prize in Eco-trophelia 
2012 for culinary innovation.



Chapul and Exo
• Chapul was the first company 

to use cricket flour to make 
delicious protein bar. 

• Exo also produces protein 
bar with ingredients that 
contained cricket flour. http://commonsensehome.com/wp-content/uploads/2013/02/chaco-bar.jpg

http://bobbetterman.com/blog/wp-content/uploads/2014/03/ExoBars.jpghttp://media.tumblr.com/d088ec5b30e68e75398 
689f28a0cdbdd/tumblr_inline_movkguEMXu1qz4rgp.jpg

Economic benefits of 
farming insects

Improving livelihoods
• Insects could be a major source of 

animal protein for some 350 million of 
the world’s poorest people. 

• They could also provide valuable 
buffers against seasonal shortages of 
food (Dufour 1987). 

• Could offer important livelihood 
opportunities for people in the 
developing countries, especially to the 
women and children. 

• Easily farmed as they require minimal 
space and do not compete directly 
with food for human consumption. 

• Could be farmed for family 
consumption by each family. Van Huis et al. (2012)

Grasshopper collectors in Indonesia

Community-based cricket farming 
in Khon Kaen, Thailand



Industrial scale farming
• China (eg. HaoCheng 

Mealworm Inc, Hunan) — 
farming and sale of mealworm, 
maggots, etc.  It produces 50 
tonnes of mealworms per month. 
It exports 200 tonnes of dried 
mealworms worldwide each year. 

• South Africa (eg. AgriProtein) 
— does nutrient recycling by 
converting organic wastes 
(including human faeces, abattoir 
blood, and spent food) to raise 
flies.  Produces 1 ton of fly larvae 
per day. The harvested  larvae 
are dried, and milled into flake 
form.

• PROteINSECT - producing fly larvae to be processed into 
protein source for animal feed for aquaculture and livestock. 

• Use house flies and black soldier flies. 

• The flies are bred using waste materials.

Industrial scale farming 
for animal feed

http://www.proteinsect.eu

Promoting 
entomophagy

http://khiri.com/wp-content/uploads/2014/07/990-Someone-eating-insect.jpg

Background
• In Asia where entomophagy is more 

acceptable, communication strategies are 
needed to promote and preserve edible 
insects as a valuable source of nutrition to 
counter the growing westernisation of diets. 

• In areas where food shortage exists, edible 
insects need to be promoted as key foods 
for nutrition. 

• In the Western society, suitable strategies 
need to address the disgust factor, and the 
break down of myths surrounding 
entomophagy. 

• Government, agricultural ministry and 
universities need to promote entomophagy 
to their communities.

http://hostelblog.hostelrocket.com/wp-content/uploads/ 
2014/03/insectscambodia.jpg

http://img1.voc.com.cn/UpLoadFile/2013/11/19/201311191047048875.jpg



What could be done….
• A better understanding of insects through direct 

experience could gradually reduce aversion towards 
insects. Zoos, museums and universities should play 
a major role here.   

• Universities could introduce a course on 
entomophagy. 

• Insect banquets could be held in official and semi-
official functions with the political will of the leaders. 

• Entomophagy could be incorporated into the formal 
curricula in primary and secondary schools - START 
FROM YOUNG!!

• There should be on-going research on entomophagy 
and such research should be promoted by Ministry 
of Agriculture and Ministry of Science.

Start from young….

If we can eat these sea crickets….
http://3.bp.blogspot.com/_Y7EsWmG33rY/TKXP_DZnbRI/AAAAAAAAA84/rNAuWO3ixjI/s1600/emyr+482.jpg

We need paradigm change on how 
we perceive insects as food…

Why can’t we eat these land shrimps…



Western-style cuisine
Minestrone Wild Mushroom 

Risotto Jambalaya

Vols-au-ventPizza
Chocolate
cupcakes

Van Huis et al. (2012)

Rentokil’s Pestaurant (UK)
http://www.fry-online.co.uk/news/post.php?s=2013-08-16-rentokil-opens-up-pestaurant-in-london&cf=News

Rentokil’s Pestaurant (Malaysia)
Source: Carol Lam

Urban Entomology Lab (USM)’s  
Extra-Curricular Activity - Insect Culinary

Cucur Lipas Cucur Anai-anai



Urban Lab edible insect appreciation session 

Ikhsan Guswenrivo, M.Sc. (2012)

Urban Lab - Fried crickets Urban Lab - Fried mealworm



Urban Lab Insect Food Products — exported to 
Taiwan, Japan and China

Kyoto University

Urban lab insect food products made it to 
Shanghai University, China Summary and Conclusion

• Edible insects are a feasible source of protein that is 
sustainable, environmentally friendly and low cost to produce. 

• We need a paradigm shift in the way we look at insects if we 
are going to accept edible insects as human food. 

• Edible insects could be farmed via community-wide efforts and 
at industrial scale before they could be widely available as 
human food and animal feed. 

• The production, trade and use of edible insects as food will 
involve a variety of regulatory areas from product quality 
assurance, food safety to environmental impact of insect 
farming. FAO, WHO and the FDA of various countries must 
come up with a feasible regulatory framework on edible 
insects. 



• Entomophagy WILL NOT solve the problems of climate 
change and water crisis within ours and the future 
generations to come. 

• However, it will help to reduce the strains that we put 
on our mother earth to fulfil our craving for the 
conventional animal protein. 

• Lastly, ask ourselves — Why not eat insects…

Summary and Conclusion


