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ABSTRACT: If the current birth rates continue, the earth’s population will grow from the current 6.7 billion 

to an estimated 9.2 billion by the year 2050, most of which will be in the less developed countries. If the 

world cannot feed those now living, it would be impossible to feed 2.5 billion more people without greatly 

increasing the earth’s food producing capacity. In recent years, food production has risen due to advances in 

research and technology. However, this increase in food production has not been enough to keep up with the 

world’s population growth due to an uneven distribution of available food across the world. Despite the 

efforts of protein substitutes such as single cell protein, fish protein concentrate and soybean protein there are 

still an estimated 800 million people suffering from calorie and protein deficiencies. In addition, increased 

livestock and biodiesel production has taken land away from crop production and put strain on farming and 

food industries. The protein quality of the diet is generally enhanced if animal foods are consumed as most 

animal protein contain all the essential amino acids humans require in their diet. Since livestock consume 

more dry matter per day on a weight basis than humans, the world needs to shift its emphasis away from 

these traditional meat sources. One solution is to utilize the seemingly inexhaustible supply of insects as a 

protein source for human consumption in order to alleviate the world protein deficiency and maintain the 

diets of the ever increasing human populations. Entomophagy, the art of eating insects, has been practiced 

since the dawn of man.  Insects formed a critical part of the diet of early man as they still do in many cultures 

today. Although small in size, insects due to their prodigious numbers exceed in weight all other animal 

matter. This great mass of material possesses genuine food value. It is, therefore, conceivable that insect 

farming will be a part of a new agricultural system and through proper marketing techniques they will 

become a widely excepted food source. 
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MALNUTRITION/PROTEIN CRISIS 
 

If the current birth rates continue, the earth’s population will grow from the current 6.7 

billion to an estimated 9.2 billion by the year 2050, most of which, will be in the less 

developed countries (WHO/UN, 2007). In 2000, 36 million people died due to hunger or as 

a direct consequence of hunger (FAO/SD, 2001). Of the 10.9 million deaths among 

children under the age of 5 in the developing world in 2001, 60% were attributed to 

malnutrition (WHO, 2002). Furthermore, at the dietary levels of 2001 – 2003, an additional 

856.4 million people were considered malnourished (FAO, 2006a). The worldwide 

distribution of the malnourished populations is shown in Figure 1. If the world cannot feed 

those now living it would be impossible to feed 9.2 billion people without greatly 

increasing the earth’s food producing capacity. 
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Figure 1. Percentage of undernourished population by country (FAO, 2009a). 

 

In recent years, food production has risen due to advances in research and 

technology. This increase in food production has not been enough to keep up with the 

world’s population growth. Table 1 shows the world food production during the period of 

1962-2007, while Table 2 shows the percent increase of the most significant foods in the 

world during same period. All foods showed positive growth in production with soybeans 

increasing most rapidly with a 713.2% increase from 1962-2007. Soybeans, maize, fresh 

vegetables, sugar cane, rice, cassava and wheat all showed a greater percent increase than 

the population growth of 110.1% over the 45 years time frame. 

From the 1960’s till the late 1990’s food availability (measured in kcals per capita 

per day) increased steadily. The availability of food increased globally by 450 kcal per 

capita per day with developing countries experiencing an increase of upwards of 600 kcal 

per capita per day (WHO/FAO, 2002). However, this increase in food production was not 

spread evenly across all regions of the world. The least developed countries experienced a 

9.9% reduction in per capita food production in 1991-93 compared to 1979-81 while 56 

developing countries experienced lower food production growth rates compared to 

population growth rates over the same period of time (Pinstrup-Andersen and Pandya-

Lorch, 1996). 
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Table 1. World food production. 

Food Product 
Quantity (million tonnes) 

1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 

Sugar Cane 437 519 569 735 907 990 1116 1252 1331 1591 

Cow milk 316 350 371 406 433 465 460 469 510 567 

Potatoes 253 296 272 280 265 279 277 303 317 309 

Wheat 250 294 343 382 477 505 565 613 575 606 

Rice paddy 226 277 307 369 422 461 529 577 570 660 

Maize 205 272 309 372 449 453 534 586 605 792 

Sugar beet 149 233 240 289 292 300 282 268 257 247 

Sweet Potatoes 105 119 121 143 129 134 123 121 136 108 

Barley   88 103 133 156 161 175 166 155 137 133 

Cassava   75   89 101 119 129 138 162 162 185 215 

Vegetables   65   68   73   82   96 132 147 175 231 245 

Soybeans   27   38   47   74   92 100 114 144 182 221 

Source: (FAOSTAT,  2009). 

 

Table 2. Percent increase in world population and quantity of food produced from 1962-

2007. 

Parameter  Percent Increase (1962-2007) 

Soybeans 713.2 

Maize 286.5 

Vegetables 279.4 

Sugar cane 264.1 

Rice, paddy 191.3 

Cassava 187.4 

Wheat 142.1 

Cow milk  79.4 

Sugar beet  65.4 

Barley  50.9 

Potatoes  22.3 

Sweet Potatoes    2.3 

World Population  110.3  

Source: (Nation Master, 2009). 

                                         

World livestock production has grown over the years at an enormous rate and 

continues to grow, driven by an increased demand for high-value animal protein. Table 3 

shows recent increases in worldwide meat production. However, there is a great variation 

in meat consumption in different regions of the world with an estimated 80 kg or more 

being consumed per person per year in developed nations compared to an average of 28 kg 
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in developing nations (Delgado et al., 1999). It is predicted that the annual meat production 

will increase from 218 million tonnes in 1997-99 to 376 million tonnes by 2030 

(WHO/FAO, 2002). However, this increase in livestock production could lead to a decline 

in overall food production due to the low feed conversion rate of livestock. It has been 

estimated that the number of people who could be  fed per hectare used for potatoes or rice 

production in one year is 22 and 19, while the annual number of people who could be fed 

per hectare used for  beef or lamb is 1 and 2, respectively (Spedding, 1990).   

Further exacerbating the situation, the recent increase in biofuel production has lead 

to a higher demand for grains and cereals. In addition to taking grains and cereals away 

from food production, it is estimated that the increased demand due to biofuel production 

will raise the current global price of corn and oilseed seeds (soybean, rapeseed and 

sunflower) by 26% and 18% in 2020, respectively (Braun, 2008). It is also, estimated that 

devoting all corn and soybean crops grown in the U.S. to ethanol and biodiesel production 

will result in a mere 12% and 6% reduction in gasoline and diesel demand, respectively 

(Hill et al., 2006).  

 

        Table 3. World meat production.  

Meat Product 
Quantity (million tonnes) Percent Change 

2004 2005 2006 2007 2008 2004-2008 

Bovine Meat   63.1   64.3   65.7   67.2   68.0   7.8 

Poultry   78.9   81.9   85.4    89.5   92.9 17.7 

Ovine Meat    12.7   13.0   13.3   13.7   14.0 10.2 

Other Meat 100.4 103.7 101.7   98.8 100.6   0.2 

Total Meat Production 260.3 268.1 271.5 274.7 280.9 7.9 

 

Development of novel proteins 

Efforts have been made in the past to develop novel protein sources in order to 

alleviate this protein crisis. Single cell protein (Tannenbaum and Wang, 1975; Ferrianti 

and Fiechter, 1983), fish protein concentrate (Pariser et al., 1977; Sikka et al., 1979) and 

soybean protein (Mendez, 2002; Bahaia and Greer, 2008) have made significant 

contributions toward lessening the world’s protein deficiency. 

Source: (FAO, 2006b; FAO, 2009b).The production of single cell protein (SCP) as 

a novel protein was carried out by the oil companies in the 1950’s, using waste by-products 

as a substrate for the single cells to produce protein (Verkerk et al., 2007). There were 

initial concerns that SCP might contain aromatic hydrocarbons from the substrate used, 

therefore, extensive testing was performed for toxicity and carcinogenicity, but no adverse 

effects were discovered. Japan still place an all out ban on all petrochemical derived 

proteins while governments in Europe requested further research and testing to be 

performed. Eventually, SCP was allowed to be produced and marketed but only in limited 

amounts. However, as oil prices increased and the substrate required became more 
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expensive SCP, could not compete with other protein sources such as fish and soy 

(Israelidis, 1988). 

Fish protein concentrate (FPC) gained popularity since the 1950’s as an alternative 

source of high quality protein. FPC is produced by the extraction and drying of oil from 

fish, resulting in a final produce with a higher concentration of protein (and lower ash 

content) than the original fish (Stilling and Knobl, 1971). FPC has been produced with 

protein contents of 90% and higher (Sikka et al., 1979). A number of studies have been 

performed incorporating FPC into food products such as pasta, crackers, cookies, soups, 

tortillas and beverages (Sidwell et al., 1970). Bread containing 5% FPC was found to be 

acceptable in both texture and flavour (Sikka et al., 1979). However, due to high 

processing costs, FPC is not widely available in the developing world where new protein 

sources are most needed. In 1978, the leaders of the United States government project on 

fish protein concentrate stated that FPC was a technological application conceived in the 

industrialized world for application in the developing worlds without proper consideration 

for the constraints on capital, resources and expertise in those countries (Carpenter, 1986). 

Soybean protein (SBP) gained popularity in the Western world during World War I 

as a result of a shortage of oils and fats leading to the need for imported soybean oils 

(Horan, 1974). Soybean meal had primarily been used as feed in the poultry and livestock 

industries but over time has become a common food product among humans. SBP is an 

important protein substitute as one acre of land used to grow soybean can produce 25, 10 

and 5 times more protein than one acre used for beef, milk or wheat production 

(Christiansen, 1948). Unlike animal protein sources, SBP is also low in saturated fat and is 

known for its hypercholesterolemic effect, or ability to lower cholesterol (Messina, 1995).  

These factors have lead to the continued use of SBP as a protein and food product for 

humans. 

Another protein substitute that has also found some success as a meat alternative 

and protein source is mycoprotein. Mycroprotein is produced by the fungus Fusarium that 

grows on molasses (Israelidis, 1988). This product is still available today under the name 

Quorn. 

Protein quality and deficiency 

Despite the efforts of SCP, FCP and SBP, there are still estimated 856 million 

people suffering from calorie and protein deficiencies (Jacques, 1995). Although there is 

no single unit for measuring the nutritional quality of a diet, protein content is a widely 

accepted indicator of nutritional quality (Young and Scrimschaw, 1979). Most foods rich 

in protein are also comparatively good sources of many of the other nutrients required for a 

healthy diet (DeFoliart, 1999). However, the quality of the protein, as well as the quantity, 

is an important factor when determining the nutritional value of a diet.  If animal proteins 

supply part of the total diet, the protein quality of the diet is generally enhanced as most 

animal protein contain all the amino acids humans require in their diet (Table 4), whereas 
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most plant protein lack one or more of these essential amino acids (Tables 5 and 6). 

Chicken, lamb and caterpillars contain all the amino acids. Mushrooms, soybean, apples, 

grapes, oranges and strawberries contain all the essential amino acids, though with the 

exception of soybeans, the quantity is much less than that of meat. Rice, potatoes, almonds, 

asparagus, spinach and bananas all lack tryptophan. In addition to supplying the highest 

quality of protein, animal foods are a rich source of B vitamins while many plant foods are 

deficient (MacFarlane, 1978).  Because the body’s need for protein is related to its rate of 

growth, the need for protein is much greater in infants than in older children or adults 

(Verkerk et al., 2007). Protein-energy malnutrition contributes to high death rate among 

infants and children of the less developed countries and among the survivors causes 

debilitating weakness, higher susceptibility to disease and irreversible brain damage 

(Ramos-Elorduy, 1997; Verkrek et al., 2007). 

 

Table 4. Amino acid content of various meat products.  

Amino Acid 

Meat Product (mg/100 g food) 

Beef  
(Bos Taurus) 

Chicken 
(Gallus gallus) 

Lamb 
(Ovis agnus) 

Other 
(Suidae) 

Fish 
(Gadiformes) 

Caterpillar 
(Bombycomorpha sp) 

Isoleucine 852 1069 778 608 797 700 

Leucine 1435 1472 1203 897 1450 943 

Lysine 1573 1590 1275 961 1703 979 

Methionine 478 502 383 321 574 272 

Cystine 226 262 200 133 199 454 

Phenylalanine 778 800 625 496 860 909 

Tyrosine 637 669 515 426 666 1237 

Threonine 812 794 733 583 879 651 

Tryptophan - 205 198 162 - 197 

Valine 886 1018 790 616 889 919 

Arginine 1118 1114 1075 756 1121 634 

Histidine 603 525 428 391 500 471 

Alanine 1033 682 1033 654 1134 989 

Aspartic acid 1590 1834 1373 1060 1817 1533 

Glutamic acid 2703 3002 2305 1718 2687 1946 

Glycine 860 1059 925 676 794 792 

Proline 668 829 730 542 666 841 

Serine 713 781 655 496 849 707 

Source: (FAO, 1970). 
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Table 5. Amino acid content of various plant products. 

Amino Acid 

Plant Product (mg/100 g food)   

Almond 

(Prunus 

amygdalus) 

Asparagus 

(Asparagus 

 officinalis) 

Mushroom 

(common unsp.) 

Potato  

(Solanum 

tuberosum) 

Rice 

(Oryza 

spp.)   

Soybean  

(Glycine max) 

Spinach 

(Spinacia 

oleracea) 

Isoleucine 700 55 83 76 300 1889 106 

Leucine 1267 96 136 121 648 3232 208 

Lysine 454 96 165 96 299 2653 159 

Methionine 518 28 17 26 183 525 46 

Cystine 172 19 19 12 84 552 36 

Phenylalanine 975 55 77 80 406 2055 133 

Tyrosine 593 44 71 55 275 1303 110 

Threonine 492 60 100 75 307 1603 116 

Tryptophan - - 38 - - 532 - 

Valine 1053 79 94 93 433 1995 133 

Arginine 1976 83 218 100 650 3006 139 

Histidine 450 34 50 30 197 1051 56 

Alanine 784 121 171 89 474 1769 139 

Aspartic acid 1908 230 165 248 808 4861 217 

Glutamic acid 4426 442 260 204 1622 7774 257 

Glycine 1056 72 94 76 393 1736 113 

Proline 982 121 189 75 369 2281 105 

Serine 710 68 100 83 427 2128 104 

Source: (FAO, 1970). 
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Table 6. Amino acid content of various fruits. 

Amino Acid 
Plant Product (mg/100 g food) 

Apple 
(Malus sylvestris) 

Banana 
(Musa spp.) 

Grape 
(Vitis sp.) 

Orange 
(Citrus sinensis) 

Strawberry 
(Fragaria sp.) 

Isoleucine 13 32 6 23 18 

Leucine 23 53 14 22 42 

Lysine 22 46 15 43 32 

Methionine 3 22 23 12 1 

Cystine 5 30 11 10 7 

Phenylalanine 10 44 14 30 23 

Tyrosine 6 29 12 17 27 

Threonine 230 38 19 12 25 

Tryptophan 58 - 3 6 9 

Valine 250 45 19 31 23 

Arginine 170 84 51 52 35 

Histidine 120 84 25 12 16 

Alanine 280 50 29 51 42 

Aspartic acid 1300 118 84 114 182 

Glutamic acid 700 104 143 99 120 

Glycine 240 47 21 83 32 

Proline 200 46 23 45 26 

Serine 270 44 33 23 31 

 

Source: (FAO, 1970).Since livestock consume more dry matter food per day on a 

weight basis than humans (Table 7), the world needs to shift its emphasis away from these 

traditional meat sources to the utilization of the seemingly inexhaustible supply of insects 

as a protein source for human consumption in order to alleviate the world protein 

deficiency and maintain the diets of the ever increasing human populations (Flachowsky, 

2007). Insects can be easily reared to efficiently convert low quality substrates into high 

quality proteins providing a sustainable and nutritional supply of protein for human 

consumption (Kok et al, 1991). Insects are very efficient converters of feed to protein 

(more than five times that of beef) and fast growing organisms (DeFoliart, 1992). They can 

be reared on materials not fit for human consumption, thus creating a pathway for the 

conversion of otherwise inedible food into food fit for human consumption, unlike 

livestock which require grains and feed that could be used to feed humans. Careful 

production, processing and marketing procedures would make insects as acceptable as 

FPC, SCP and SBP. This will require substantial research and innovation in food 

production and processing technologies (DeFoliart, 1992; Bukkens, 1997; Verkerk et al., 

2007). 

  Since livestock consume more dry matter food per day on a weight basis than 

humans (Table 7), the world needs to shift its emphasis away from these traditional meat 
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sources to the utilization of the seemingly inexhaustible supply of insects as a protein 

source for human consumption in order to alleviate the world protein deficiency and 

maintain the diets of the ever increasing human populations (Flachowsky, 2007). Insects 

can be easily reared to efficiently convert low quality substrates into high quality proteins 

providing a sustainable and nutritional supply of protein for human consumption (Kok et 

al, 1991). Insects are very efficient converters of feed to protein (more than five times that 

of beef) and fast growing organisms (DeFoliart, 1992). They can be reared on materials not 

fit for human consumption, thus creating a pathway for the conversion of otherwise 

inedible food into food fit for human consumption, unlike livestock which require grains 

and feed that could be used to feed humans. Careful production, processing and marketing 

procedures would make insects as acceptable as FPC, SCP and SBP. This will require 

substantial research and innovation in food production and processing technologies 

(DeFoliart, 1992; Bukkens, 1997; Verkerk et al., 2007). 

 

Table 7.  Estimated dry matter consumption by humans and livestock.  

Species 
World Population  

(billions) 

Consumption (per animal) 

(kg/day) (billion tonnes/year) 

Human    6.30   0.45 1.00 

Cattle, buffaloes, horses, camels   1.60 10.00 5.80 

Sheep, goats   1.80   1.00 0.60 

Other   0.95   1.00 0.35 

Poultry 17.40   0.70 0.45 

Total (animals)   7.20 

Source: (Flachowsky, 2007). 

 

Eating insects 

Humans consume a staggering variety of foods (meats, vegetables, fruits, grains 

and more). Humans eat to be healthy and often simply for enjoyment. When deciding what 

to eat and whether or not they enjoy eating the food, an individual may judges the food by 

a number of criteria such as nutrition, taste, texture and presentation. Insects meet these 

criteria, they are nutritious with a pleasing taste and texture when properly prepared.  

However, insects simply lack presentation when it comes to being an acceptable food 

product. In the Western world especially, insects are looked upon with disgust and this is 

enough of a deterrent for most people to avoid their consumption. There are, however, 

many foods commonly consumed by people that would be difficult to defend their 

consumption based upon their presentation. Humans in the Western world consume 

oysters, crabs, squid and lobsters as shown in Table 8. 
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Table 8. Shellfish landings for the Atlantic region of Canada in 2007. 

Shellfish Quantity (billion tonnes) 

Shrimp 185,974 

Snow Crab   90,273 

Scallops   65,054 

Lobster   43,474 

Squid        244 

                         Source:  (DFO, 2007). 
 

(DFO, 2007) and in the Middle East eat lizard (Abu-Tarboush et al., 1996).  

Lobsters are a relative of insects, belonging to the same phylum (Arthropoda). It is, 

therefore, hard to imagine how someone can look upon a grasshopper and not a lobster 

with disgust. Holt (1969) suggested that the food upon which an animal feeds should be a 

criterion when determining whether an animal is fit for human consumption. Since many 

insects feed solely on plant matter such as leaves, nectar and vegetables, it is again hard to 

imagine why humans choose to feed on the foul feeding lobster. He, also, highlights that 

the pig is still considered by many cultures to be “unclean animal” with the same objection 

as the Western world shows to the insect. 

Entomophagy 

Entomophagy, the art of eating insects, has been practiced since the dawn of man.  

Insects formed a critical part of the diet of early man as they still do in many cultures today 

(Taylor, 1975). Bukkens (1997) stated that most of the insects consumed in significant 

quantities belong to one of the following six orders: Lepidoptera (butterflies and moths), 

Coleoptera (beetles), Orthoptera (locust, crickets and grasshoppers), Isoptera (termites), 

Hymenoptera (ants, bees and wasps) and Hemiptera (bugs). In general, the stage of the life 

cycle collected and consumed is the large, soft-bodied form, often the larvae or grubs 

(DuFour, 1987). 

Although small in size, insects due to their prodigious numbers exceed in weight all 

other animal matter (Banjo et al., 2006). This great mass of material possesses genuine 

food value. Many cultures have been able to subsist on meagre rations supplemented with 

insects during unproductive periods, while others are known to consume insects all year 

long and would not be able to survive without them (Taylor, 1975; Harris and Ross, 1987). 

As well in the cultures in which insects are considered a traditional food source, they are 

not merely a means to ward off starvation, but are incorporated as a regular part of the diet 

(DeFoliart, 1989). 

In Australia, the Natives collect large quantities of the bugony moth (Agrotis 

infusa) in bags, roast them in hot coals and eat them (Taylor, 1975). The Chinese consume 

the pupa of the silkworm once the silk has been unwound for use in the silk industry. The 

pupa are fried in butter or lard with the yoke of an egg and seasoned with pepper, salt and 

vinegar (Holt, 1969). The manna (surgery honey dew) excreted by aphids and scale insects 

is used as a sweet by peasants in Turkey, Iraq and Iran and about 175,000 kg are collected 
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and sold in Iraq annually (Bodenheimre, 1951). Locusts have been eaten in Arabia, Iran, 

Madagascar, India and parts of Africa (Bodenheimre, 1951; Holt, 1969; Taylor, 1975; 

Abu-Tarboush et al., 2001). They are prepared by a variety of methods such as, powdered 

and baked into cakes, fried and seasoned with salt and pepper, or boiled till they turn red in 

color. In Thailand, grasshoppers and locust were seen as an agricultural pest and pesticides 

were used to decrease their numbers. However, farmers began collecting the insects for 

food after the pesticide spraying program in 1983 was found to be ineffective (Expat 

World, 1992). When farmers discovered that the sale of a harvest of grasshoppers from 

their fields was worth more than the corn itself, the government discontinued the practise 

of pesticide spraying in many districts and published number of grasshopper recipes. 

Similarly, in the Phillippines, increased consumption of grasshoppers and locust has 

coincided with a decrease in the use of pesticide spraying (DeFoliart, 1999). 

 In regions of Zambia, caterpillars are considered the most important source of 

nutrients during the so called hunger months of November to February when the only other 

widely available fresh foods are mushrooms (Richards, 1939). They are sold (roasted and 

dried) for quite a good price in the main urban centers or exchanged for grain, salt, 

tobacco, beads, soap, or clothes in rural areas (Thomson, 1968). In the Congo, the weevil 

larvae, Rhynchophorus phoenicis, termites, caterpillars and grasshoppers are sold in local 

markets (Nkouka, 1987; Bani, 1995). Brandon (1987) reported about a Botswana-based 

company, Albert’s Mopanie Worms, that sells dried, pre-packaged Mopanie caterpillers 

(Gonimbrasia belina). In Zambia, insects are included in the food composition tables and 

their consumption is widely encouraged by local nutritionists (Kumar, 1990). A Saturniid 

caterpillar, known locally as the mumpa, is considered a pest by forestry officials in 

Zambia because of the damage done by people illegally collecting them in the nation’s 

forests. This has prompted the hiring of watchmen to protect these forests from this 

damage (DeFoliart, 1999). In Nigeria, Cirina forda larvae have been known to sell for 

around twice the price of beef (DeFoliart, 1999). The Pedi people of South Africa are said 

to prefer a quarter pound of Mopanie worms to a pound of beef (Quin, 1959). 

 In Mexico, pupae of two species of Liometopum ants, known as escamoles are in 

great demand and are on the menus of urban restaurants. They have a very delicate flavour 

and are served fried alone with black butter or fried with onions and garlic. People who 

collect escamoles, by digging them from their underground nests, can sometimes earn 

more during the collecting season than most rural workers during an entire year (Conconi, 

1982). Mercer (1993) watched villagers near Lae, Papua New Guinea, collecting the grubs 

of Hopocerambyx serverus in large number from the bark of the Anisoptera polyandra 

trees which were found in a logging area that is accessible only by climbing 1000 meter 

from the village, displaying how important these insects are to the villagers. The giant 

water bug (Lethocerus indicus) is imported from Thailand and sold in California 

(Pemberton, 1988). 

Some insects are considered a great delicacy in some cultures such as the 

Rhynchophorus larvae (Curculionidae) and alate ants (Formicidae) by the Tukanoan 

Indians in the Northwest Amazon (MacFarlane, 1978). In Jamaica, the local people 

consider a plate of crickets a compliment to the most distinguished of guests (Taylor, 
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1975). The Aztees prized an ear of corn containing maize stalk borer larvae more highly 

than one without them (Taylor, 1975). 

In other cultures, insects are so highly prized and valuable that their nests are 

claimed as private property. Vara-asavapat et al. (1975) noted that some villagers in 

Thailand placed signs on certain dung piles to indicate that they were already reserved for 

the collection of Scarabaeidae beetles. In some regions of South America and Africa, 

termite colonies are often staked out as the private property of individuals or groups in 

these parts of the world (Taylor, 1975).  In Paraguay, palm weevils (Rhynchophorus) are 

collected by felling logs in the forest and leaving them to decay for 1–3 months, were upon 

the weevils are collected. During this time, the felled logs are considered private property 

(Clastres, 1972). 

Many other insects commonly form constituents of human meals such as 

cockroaches, praying mantis, lice, stink bugs, dragonflies, fleas and spiders (Bodenheimer, 

1951; Holt, 1969; Taylor, 1975). 

The Western View 

Entomophagy is practiced in many cultures around the world but in the West it is 

often looked upon with disgust. Although, some insects are seen as a delicacy and 

consumed on occasion, insecst in general are not widely recognized as a food source in the 

Western world. However, consumers have ingested insects on numerous occasions without 

knowing it, as they are practically omnipresent within all food products of plant origin 

(Kurtz and Harris, 1962). Table 9 shows the levels of insect infestation allowed in food 

products by the USFDA. As well, insects are used as coloring agents in foods such as 

Smarties and yoghurt (DeFoliart, 1999). 

The high nutritional value of insects can help the poor and malnourished of the 

developing world. Since insects are known to be a direct source of essential nutrients, 

individuals or organizations concerned with alleviating world hunger and developing 

greater food self-sufficiency among rural populations at risk of malnutrion should promote 

insects as a food source (DeFoliart, 1989). However, the eating of insects must not be 

viewed solely as a means of cheap food for the poor who cannot afford fish and meat. 

Insects should be viewed as a nutritional food for all people whether in urban or rural areas 

of developed and developing country. 

Morris (2004) suggested that eating insects is often seen as a primitive activity and, 

therefore, is looked down upon as a country progresses toward development. Eating insects 

is viewed as a remnant of the hunter/gatherer nature of our ancestors. This mentality 

produces a stigma that entomophagy is an uncivilized practice. DeFoliart (1989) highlights 

the possible repercussions of such an attitude, stating that the attitude by observers that 

entomophagy is repulsive may cause indigenous populations to conceal or even 

discontinue their consumption of insects so as to avoid being looked upon as uncivilized.  

Quin (1959) when referring to the Pedi people of South Africa, declared that we should 

encourage the eating of traditional foods as they could be a means of alleviating 

malnutrition and disease. Holt (1969) suggested the developed world return to its 

hunter/gatherer nature suggesting that one could collect wood-lice from under rotting 

pieces of wood in gardens, that farmers could collect cockchafers (Melolontha vulgaris) 
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larvae dug up while ploughing their fields, that people could feed on wasp larva instead of 

merely disposing of their nests or that caterpillars can be plucked from the garden and 

prepared as a meal. 

 

Table 9.  Maximum permissible levels of insect infestation or damage. 

Product Maximum Level 

Coffee beans 10% by count insect infested or insect 

damaged. 

 

Cherries (fresh, canned or frozen) 4% by count insect infested. 

 

Citrus fruit juices (canned) 5 per 250 mL Drosophilia and other fly eggs or 

1 maggot per 250 mL. 

 

Peanut butter 30 insect fragments per 100 grams. 

 

Asparagus (canned or frozen) 10% of spears by count infested with 6 

attached asparagus beetle eggs or egg sacs. 

 

Spinach (canned or frozen) 8 spinach leaf miners per 100 grams or 4 leaf 

miners 3 mm or more in length per 100 grams. 

 

Tomato puree 20 fruit fly eggs per 100 grams, or 10 fruit fly 

eggs and 1 maggot per 100 grams or 2 maggots 

per 100 grams. 

Source: (USFDA, 2005) 

 

Holt (1969) gave an example of why humans must eat insects, stating that nature 

exists in a balance, each species is in balance with another inside an ecosystem. However, 

when humans alter an ecosystem by growing crops and then killing birds to protect these 

crops, we destroy nature’s balance. Since many birds eat insects, killing those birds leads 

to increased populations of insects which farmers need to kill. This can be done through 

pesticides, which will further impact the environment, or it can be done by simply 

harvesting and consuming the insects. 

The view by Western societies that entomophagy is a primitive activity must be 

changed in order to combat the growing number of individuals suffering from protein 

deficiency and malnutrition. If the views of Western societies spread to other cultures of 

the world, it will further limit the availability of food and exacerbate the food crisis.  Steps 

need to be taken to promote insects as a food source, not only for the malnourished and 

poor, but as a universal food source consumed all across the globe. Insects are a source of 

animal protein that can play a major role in eliminating or reducing protein deficiency in 

all parts of the world. 
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Nutritional value of insects 

 Insects compare favourably with other food products and are very high in protein 

and fat contents. They contain the essential amino acids required for human growth and 

many vitamins and minerals. Table 10 shows the nutritional value of insects compared to 

that of traditional foods. Insects have a substantially higher protein content (30.0–63.8%) 

compared to traditional foods (3.5 – 23.4%).  They, also, possess a high fat content (10.8–

36.0%) and high energy content (268–655 kcal/100g) compared to that of traditional foods 

(1.2–31.4% fat and 66–347 kcal/100g). Directly comparing the nutritional value of 

grasshoppers to that of beef, grasshoppers contain roughly three times as much protein 

with similar values for fat and energy contents. 

Insects, like other animal meats, have been found to contain all of the essential 

amino acids required for human growth (Table 4)
 
even containing higher quantities of 

cystine, phenylalanine, tyrosine and proline as compared to traditional meat products.  

Insects, also, contain many essential micronutrients similar to other animal protein sources.  

B vitamins are prevalent in many insect species, the iron content of insects are similar to 

that of beef and the calcium content in insects is higher than that of  traditional meats,  

though still lower than that of whole milk (Bukkens, 1997). It is clear to see that insects 

compare favourably to traditional foods and in many ways prove to be superior. 

The presences of chitin within the exoskeleton of insects has lead to concerns about 

the digestibility of insect protein, as the human stomach lacks the enzyme, chitinase, 

required to properly digest chitin (Bukkens, 1997). This means the measured protein 

content of insects does not accurately display the amount of available protein due to the 

nitrogen trapped within the chitin. This is especially true for insects with hard exoskeletons 

such as ants, termites, locust and grasshoppers (Dreyer and Wehmeyer, 1982; and DuFour, 

1987). 

Studies by Ramous-Elorduy et al. (1997)
 
showed that the protein digestibility of 

insects was as high as 77.9 – 98.9%, the values at the lower end belonging to the insects 

with harder exoskeletons. Even considering the digestibility of chitin, insects (especially 

those with soft exoskeletons) still provide a substantial quantity of protein well in excess of 

beef and other traditional meat products.  Bukkens (1997) claimed that insects with higher 

levels of chitin contain fibre contents similar to those of grain products. 
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Table 10. Nutritional value of selected animal food products and insects. 

 

Product 
Water 

 (?) 

Ash 

 (?) 

Carbohydrates 

 (?) 

Protein 

 (?) 

Fat 

 (?) 

Kcal 

(/100g) 

Selected Foods: 

Beef (Total edible, trimmed to retail 

level) 
56.7-63.9 0.8-0.9 0 17.4-19.4 15.8-25.1 225-301 

Lamb (Legs, lean rib and shoulder, 

trimmed to retail level) 
56.3-62.5 1.2-1.3 0 15.4-16.8 19.4-27.1 247-310 

Pork (Shoulder and spare ribs 

trimmed to retail level) 
52.6-59.5 1.0-1.2 0 14.6-23.4 22.7-31.4 276-347 

Chicken (Broiler and rosters, light 

and dark meat without skin) 
73.0 10 0 20.6-23.4 1.9-4.7 117-130 

Fish (Lake trout) 70.6 11 0 18.3 10.0 168 

Fish (Atlantic and Pacific Halibut) 76.5 14 0 20.9 1.2 100 

Milk (Whole) 87.2 0.7 4.9 3.5 3.7 66 

Egg (Whole) 73.7 1.0 0.9 12.9 11.5 163 

Selected Insects: 

Termites (Isoptera) – Fried 15.0 7.9 11.1 30.0 36.0 508 

Grasshoppers (Othorptera) – dried 7.1 9.2 12.7 54.0 17.0 327 

Butterflied (Lepidoptera) - smoked 16.7 1.9 16.9 47.7 16.8 268 

Beetles (Coleopteran) – dried 15.1 3.6 2.3 53.1 29.5 464 

House fly larvae (Depteral) – dried 13.7 5.2 2.4 63.1 15.5 655 

Spiders (Melopoensalbostriatus) – 

roasted 
13.7 6.4 5.3 63.8 10.8 452 

Source: (Holt, 1959; Taylor, 1975; and Ramos – Elorduy, 1997). 
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Mass rearing of insects 

Mass rearing of insects has been practiced for years in many parts of the world.  In 

China, the silkworm (Bombyx mori) has been raised for 5000 years for the production of 

silk. The pupas of the silkworm are a by-product of silk production and have become a 

food product in many of the countries of Eastern and South-eastern Asia (DeFoliart, 1995). 

Bees have been grown in large quantities for centuries as honey producers (Velthuis and 

van Doorn, 2006).  Boll weevils have been mass reared for pest control (Miller et al., 1975; 

Harrel et al., 1980, Garth and King, 1981; Webb et al., 1981). Mealworms have been 

produced on a commercial scale as food for birds and reptiles (Ebeling, 1975). As well, 

efforts have been made to produce flies from livestock waste for animal consumption (Eby 

and Dandy, 1962; Morgan and Eby, 1975; Booram, 1975; Burchell, 1989). 

In the light of current protein deficiency and population growth, there is a need for 

novel protein production as an alternative to meat production.  Species that have proven to 

be high in protein and nutritional contents, display rapid growth and have a high energy 

conversation of feed to protein are good candidates for mass rearing. A supply of low 

substrates (waste materials such as manure) can be used as a food source and be converted 

by insects into edible protein. 

Since insects are very efficient converters of feed to protein, a farm system can be 

designed that can accommodate for changes in demand. Table 11
 
shows the mass doubling 

time of various organisms. Livestock are on a scale of weeks to months, whereas insects 

are on a scale of days. The integration of insects into the current agricultural production 

system will create a symbiotic relationship with other species by utilizing waste products.  

This will improve the system efficiency and insure its sustainability.   

It is, therefore, conceivable that insect farming will be a part of a new agricultural 

system. In the near future, it will be possible to construct small but efficient insect farms 

that have high volumetric production rate of protein. Insects are in size between SCP and 

farm animals, they yield structured animal protein, require much less energy for processing 

than SCP and less space than farm animals but still large enough to be reared and harvested 

using automated systems. 

 

Table 11. Mass doubling time. 

Organism Mass Doubling Time 

Bacteria and yeast 20 – 120 minutes 

Mold and algae 2 – 6 hours 

Yellow mealworm 5 – 6 days 

Grass and some plants 1 – 2 weeks 

Chickens 2 – 4 weeks 

Hogs 4 – 6 weeks 

Cattle 1 – 2 months 

Human ¼ - ½ years 

Source: (Steinhouse, 1967; Israelidis, 1988) 

Note: this is taken at maximum growth rate. 



Insects as a Future Human Protein Source 

J. Saudi Soc. for Food and Nutrition, Vol. 5, No. 2; 2010 

54 

Marketing of insects as food 

The task of marketing insects as human food to the Western world is not an easy 

task. There has been a long history of insects depicted as loathsome and disgusting that has 

lead to an ingrained prejudice against entomophagy. Whether the insects to be sold are in a 

recognizable form or have been processed in a way that alters their appearance (such as 

grinding into a powder) the fact is that Western consumers are reluctant to accept such a 

food source (Taylor, 1975; DeFoliart, 1999). Insects have high nutritional values compared 

to traditional foods and many of them have an agreeable flavour. Generally, fresh insects 

enjoyed more popularity than commercially available insects (Bukkens, 1997). Holt (1969) 

stated that raw grasshoppers are pleasant to taste and delicious when cooked. He also 

reported that cockchafer worms steeped in vinegar, rolled in flour and fried were 

acceptable at banquets given in Paris for the purpose of evaluating insects.  

Another stigma that must be overcome is the idea that eating insects is a primitive 

activity, left over from the hunter/gather lifestyle of early humans. Insects have been eaten 

by the Greeks and Romans who are looked upon as great civilizations and are still 

consumed by numerous other cultures across the world. 

Insects may also be produced in an unrecognizable form, such as grinding them 

into a powder. This high protein powder can then be used as an ingredient in existing 

products to provide a more nutritional food product. This has been performed successfully 

with fish oil a number of products (Ocean Nutrition, 2009). 

Insects are a valuable source of protein waiting to be made available to a world 

dying for a new food source. Steinhouse (1967) stated that the day may come when the 

protein of the most common and readily available insects will be utilized to supplement the 

world’s food needs. Taylor (1975) stated that when a product such as SCP (bacteria and 

yeast grown on animal waste, sewage, petroleum by products and other fibrous residues) 

can be rendered acceptable, the step to use insects as a food source represents a challenge 

to innovation in food technology. Bukkens (1997) stated that insects are likely to be used 

as a side dish to beef and pork, snacks or a delicacy in western countries and efforts should 

be made to propagate the tradition of entomophagy given their nutritional value. DeFoliart 

(1999)
 
stated that insect food will continue to provide significant nutritional, economical 

and ecological benefits for developing countries and western countries should be more 

aware of the fact that their bias against insects as food resulted in gradual reduction in the 

use of insects without the replacement of lost nutritional benefits. Verkerk et al. (2007) 

stated that insects are a promising novel source of protein because of their high nutritional 

value, high quality, high digestibility (70%), and high concentration of amino acids (46–

96%). 

Pirie (1075) stated that the following necessary steps must be taken for successful 

marketing of a novel food such as insects as acceptable food: (a) obtaining knowledge of 

the existing patterns of the consumers, (b) locating the type of food preparations in which 

the novel food can be incorporated, (c) developing and standardizing suitable recipes for 

the novel food, (d) testing the standardized new recipes and ensuring their acceptability, (e) 

imparting nutrition education to parents and others on the benefits of the novel food and (f) 

advertising the novel food through the press, radio, TV and other media. 
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CONCLUSION 
 

The world is in need of a new protein source and with an ever increasing population; the 

demand for good quality protein will continue to rise. Growing meat consumption and 

biofuel use have also put strain on the food industry by limiting the output of food 

produced by farmers. Efforts have been made to alleviate the protein deficiency through 

the use of SCP, FCP and SBP however there is still more that needs to be done.  Though 

each product has found success, it has not always translated to developing countries where 

the protein crisis is much worse. Insects are found all across the world in a great abundance 

and can be utilized as a protein source for humans. Entomophagy is already practised in 

many cultures and insects compare favourably with traditional meat products even proving 

superior in nutrition and taste in some instances. One obstacle is the Western world`s bias 

outlook on insects as disgusting and a remnant of the primitive hunter/gatherer lifestyle. 

Such an attitude can lead cultures to hide or even end their practise of eating insects so as 

to not be labelled uncivilized, leaving a world already desperate for protein to ignore 

nutritious protein source. Since insects are efficient converters of food to protein and can 

therefore be grown on low substrate materials it is conceivable that insect farming will be a 

part of a new agricultural system where insect are farmed much like livestock. However, 

marketing techniques must be employed in order to show the importance (and joy) of 

entomophagy. This may include informing the public of the nutritional value of insects, 

developing and advertising insect products or producing insect protein in an 

unrecognizable form, such as a powdered that can be used to boast the nutrition of a 

current food product. 
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 لمبروتين مستقبمي كمصدر الحشرات

 
 الكعيك ناصر فهد ،غالي المتولي القادر عبد

 المممكة العربية السعودية ، الرياض،جامعة الممك سعود، كمية عموم األغذية والزراعة، قسم اليندسة الزراعية
 

 في بميون 2.9 إلى بميون 7.6 من العالم سكان عدد يزداد سوف الحالي السكاني النمو معدل استمرار مع :الممخص
 لمسكان الالزم الغذاء تقديم يستطيع ال العالم أن وحيث. النامية الدول في الزيادة ىذه معظم وستكون ،9202 عام

 إنتاج في الزيادة أن حيث  األرض إنتاجية زيادة بدون خرآ بميون 9.0 لـ الالزم الغذاء توفير المستحيل من فإنو الحاليين
. العالم في لألغذية العادل غير التوزيع بسبب وذلك السكان عدد في الزيادة مع تتناسب ال الحالي الوقت في الغذاء
 فول وبروتين المركز السمك وبروتين الواحدة، الخمية كبروتين بروتين بدائل عمى لمحصول المستمرة الجيود وبرغم
 إلى باإلضافة. والبروتين الحرارية السعرات نقص من يعانون العالم سكان من مميون 02 من أكثر ىناك فمازال الصويا

نتاج الحيواني اإلنتاج في الزيادة فإن ذلك  في نقص عنيا نتج الحيوي الديزل إنتاج في المستخدمة المحاصيل وا 
 .الزراعية المحاصيل إلنتاج الالزمة الزراعية األراضي

 معظم لوجود خواصيا من يحسن الغذائية لموجبة الحيواني البروتين إضافة أن العممية األبحاث أثبتت لقد 
 من أكثر الواحد اليوم في غذائية صمبة مادة تستيمك الحيوانات أن وحيث .اإلنسان إلييا يحتاج التي األمينية األحماض
 يمكن التي الحشرات من عميو الحصول يمكن والذي الحيواني لمبروتين آخر مصدر عن البحث من البد فإنو اإلنسان،

 فن ىو اإلنتوموفاجي. العالم في البروتين نقص مشكمة وحل الحيواني بالبروتين اإلنسان لتدعيم دائم كمصدر استخداميا
 لإلنسان الغذائية الوجبات من ميماً  جزءاً  كانت الحشرات أن وحيث, اإلنسان بداية منذ مورس وقد الحشرات أكل

 الوزن في تزيد جعميا عددىا كثرة فإن حجميا صغر وبرغم. الحاضر الوقت في المجتمعات من بالعديد تؤكل ومازالت
 ىناك يكون أن ويمكن عالية غذائية قيمة ليا الحشرات أن العممية التقارير أثبتت. العالم في الموجودة الحيوانات كل عن

 المناسب والتسويق والتصنيع اإلنتاج خالل ومن. الزراعي اإلنتاج من متكامل كجزء المستقبل في آلية حشرات مزارع
 .اإلنسان لدى مقبوالً  اً جيد غذاءً  تكون أن ممكن الحشرات فإن

 


