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ABSTRACT

This article highlights the edible insects and their potential uses in practice. Furthermore, a scientific 
analysis of the types of edible insects widely used by the world community, their nutritional value and 
the specifics of their production, the existing problems and their solutions are provided. The problems of 
feed additives in the livestock, poultry and fisheries of the Republic of Uzbekistan, as well as scientific and 
practical approaches to the role of edible insects in overcoming these problems are also discussed. The 
information presented in this article serves as a scientific source for the production and implementation 
of products based on edible insects.
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Animal husbandry is known to be one of the most 
productive sectors in the world, resulting 35% of 
global production. For the development of this sector, 
75% of agricultural production and 8% of the world's 
drinking water are spent on the development of this 
industry (Foley Jonathan et al., 2011). In addition, 
the livestock sector emits 14.5% of all anthropogenic 
greenhouse gases, which is about 7.1 gigatons of CO2-
equivalent per year (Gerber et al., 2013). Livestock 
production also requires very high water consumption 
(Mekonnen and Hoekstra, 2012.). As a result, the 
production of livestock products requires a very large 
amount of reserve resources, taking into account the 
production of fodder. This justifies that the cultivation 
of food products that are easy to produce, inexpensive 
and rich in all the necessary ingredients is one of the 
most pressing problems. By industrially reproducing 
insects with a nutrient-rich chemical composition, it 
is possible to create an unlimited potential supply of 
feed and feed additives manufacturing industry for the 
livestock sector. The fact that the production of insects 
is very convenient on the basis of low-cost secondary 
organic products or on the basis of biological waste 
products shows that the importance of these biological 
objects is very high.

Researchers have found that it is possible to prepare 
2 kg of forage from one kilogram of insect biomass 
(Collavo et al., 2005). Insects can also consume a variety 
of recycled waste products, converting them into high-
nutritional feeds. By reproducing insects in very large 
quantities on an industrial basis, it has been proven that 

they can be used as an alternative to the production of 
food products with high nutritional value (Veldkamp et 
al., 2012). According to the FAO (2011), by 2050, the 
demand for meat products will increase by 58% and the 
demand for dairy products by 70% compared to 2010. 
Livestock production also requires a large amount of 
water (Mkandawire and Dudel, 2005). As a result, the 
cultivation of livestock products requires a very large 
amount of reserve resources, taking into account the 
production of fodder. This shows that the cultivation 
of food products that are easy to produce, inexpensive 
and rich in all the necessary ingredients is one of the 
most pressing problems.

MATERIALS AND METHODS

In preparing this scientific analysis, four directions 
were taken as the main source. Species of edible 
insects widely used in the world scientific community; 
nutritional units and applications of edible insects; 
problems arising from the introduction of the practice 
of edible insects; and some problems in the use of edible 
insects in the example of the Republic of Uzbekistan. 
In order to study these issues in detail, scientific 
articles, which were published in recent years under 
the term "edible insects" from peer-reviewed scientific 
journals included in the Google Scholar database, were 
analyzed. Admittedly, this database does not contain any 
information on the use and study of edible insects in 
Uzbekistan, except for our scientific sources. From more 
than 30,000 identified scientific sources, 13 articles 
with the largest scientific analyzes were selected, on the 
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basis of which a comparative analysis of the existing 
problems in the Republic of Uzbekistan and scientific 
conclusions were made.

RESULTS AND DISCUSSION

In the world fisheries industry, soy flour and fish 
flour are recognized as the main sources of nutritious 
food. Wheat flour and corn flour are also widely used 
as basic food in fisheries. Soy flour contains 44-54% 
protein and 2-3% fat (Adámková et al., 2016), while 
fish flour contains around 48-75% protein and 9-11% 
fat (Vrabec et al., 2015). One of the global problems is 
the sharp change in natural climatic conditions, drought 
due to abiotic and biotic factors, increasing salinity and 
soil degradation have resulted in a reduction in the area 
under agricultural crops, as well as major problems 
in the cultivation of agricultural products under the 
influence of various pests and diseases. By industrially 
reproducing insects with a nutrient-rich chemical 
composition, it is possible to create an unlimited 
potential stockpile for the feed industry and feed 
additives manufacturing industry for the livestock sector 
(van Huis et al., 2013). The fact that the production of 
insects is very convenient in low-cost secondary organic 
products or on the basis of biological waste products 
shows that the importance of these biological objects 
is very high (Collavo et al., 2005).

Insects can also consume a variety of recycled waste 
products, converting them into high-nutritional feeds. It 
has been shown that by reproducing insects in very large 
quantities on an industrial basis, they can be used as an 
alternative to the production of food products with high 
nutritional value (Veldkamp et al., 2012). In particular, 
it was determined that different insects contain protein 
and fat in their body, such as, Tenebrio molitor (larva) - 
protein 44-64%, fat - 17-43% (Finke, 2002), (Bukkens, 
1997), Alphitobius diaperinus (larva) - protein 58 -65%, 
fat 22- 29% (Diener et al., 2009), Acheta domestica 
(adult) - protein 58-74%, fat 14-23% (Oonincx et al., 
2011), Gryllodes sigillatus (adult) - protein 70%, fat-
18% (Ravzanaadii et al., 2012), Locusta migratoria 
(adult) - protein 56-65%, fat 13-30% (Bednarova et 
al., 2013), Hermetia illucens (larva) - protein 32-52%, 
fat 12-42% (Rumpold and Schluter, 2013). Therefore, 
edible insects can be mentioned as an alternative source 
in providing the livestock, poultry and fishing industry 
with a continuous nutrient base.

By 2050, the number of people in the world is 
expected to increase over 9 billion. (Grafton et al., 
2015; Park and Yun, 2018). With the current production 

capacity and agro-ecological situation and the existing 
agricultural opportunities, it is not possible to provide 
so many people with sufficient and nutritious food 
(Dobermann et al., 2017). Also, due to drastic changes 
in climatic conditions, the problems in food production 
are increasing day by day. This requires the search 
for alternative sources of food substitutes for existing 
traditional food products and their in-depth scientific 
and practical research. As one of such alternative 
sources, edible insects can serve as a source. As a 
result of ongoing research, model technologies for the 
production of high nutritional value products for dietary 
foods based on edible insects are being developed (Gao 
et al., 2018).

Due to the rapid development of livestock, poultry 
and fisheries, which are among the priorities in food 
production, the problem of providing these industries 
with uninterrupted and nutritious food products is 
growing rapidly (Khujamshukurov N.A. 2011). In 
recent years, the production of compound feed additives 
based on food insects has become one of the most 
common methods in agriculture. According to Van Huis 
(2013), a mixed feed based on locusts grown under 
controlled conditions (Acheta domesticus) was found 
to be twice as effective in chickens, four times in pigs, 
and more than 12 times in cattle. The technological 
process of foraging insects is characterized by very 
little damage to the environment compared to other 
types of production, including very low emissions 
of NH3 and greenhouse gases compared to the cattle 
breeding process (Oonincx and Van der Poel, 2011). It 
also requires very little land area compared to the land 
area required for raising chickens, pigs or cattle for 
the production process to produce consumable protein 
based on 1 kg of flour beetle and therefore emits very 
little greenhouse gases into the environment (Oonincx 
and Dierenfeld, 2012).

In addition to its low impact on the environment, 
it is characterized by a very high level of productivity 
and the ability to organize the production process 
independently of the seasons. In particular, cattle or pigs 
cannot be fed with any type of plant mass, which can be 
used on very large-scale plant species to grow insects. 
This also leads to a sharp reduction in the problem of 
forage in their cultivation (Durst and Shono, 2010) 
and further reduces the cost of production (Mirzaeva 
et al., 2020). In world practice, it has been noted that 
Hermetia illucens, Tenebrio molitor, Acheta domesticus, 
Alphitobius dioperinus, Zophobas morio have a wide 
range of applications as insecticides and feed additives.
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One of the main challenges is to create a low-cost 
and cost-effective food base in the process of growing 
animals to provide them with complete nutritional 
value, animal meat, poultry and eggs, fish and fish 
products. In particular, the issue of providing the fishing 
and poultry industries in the Republic of Uzbekistan 
with low-cost and energy-efficient food products 
remains very important. This can be seen in the fact that 
for the second half of 2017 and the first half of 2018 
alone, the state directed 630 thousand tons of wheat to 
the production of fodder in the production of livestock 
products. However, by directing this amount of wheat to 
the production of food for humans, there is a possibility 
to replace it on the basis of non-traditional food insect 
biomass (Khujamshukurov and Nurmukhamedova, 
2016; Mirzaeva et al., 2020). This puts the task of 
providing scientists with ecologically safe food products 
with full nutritional value to the world's scientists. Many 
methods and technologies have been put into practice by 
scientists around the world to solve this problem. One 
of the most convenient and inexpensive alternatives to 
these is to grow these edible insects and use them as 
food and feed products.

Table 1 shows the protein and amino acid 
compositions that determine the nutritional values   
of some of the edible insects reflected in scientific 
sources. One of the most promising areas of modern 

production is the development of food products based 
on edible insects, which are easy to store in terms of 
high protein and low fat content and easy digestion 
(Tables 1-3). In Uzbekistan, the production and use of 
food products and additives based on food insects has 
not yet been implemented. However, economic growth 
in the world market based on food insects in 2019 will 
reach $ 112 million and is projected to increase by 
another 47% in 2019-2026 (Industry Forecasts, 2020). 
At the end of 2019, the economic indicator in the total 
market of edible insects was 24.18 million dollars, with 
the share of European countries being 10.34 million 
dollars (Kunal Ahuja and Kritika Mamtani, 2020). 
This indicates that there is competition for the further 
development of stable economic indicators in the edible 
insect market. Therefore, one of the most promising 
areas in Uzbekistan is the production of edible insects 
under controlled conditions, the introduction of the use 
of products based on them in the livestock, poultry and 
fisheries sectors. In addition, the chances of breeding 
insects under controlled conditions and setting up a 
small business without attracting large sums of money 
are very high. It also ensures that farms organize their 
own production, obtain high-protein products and lower 
their cost.

Although, in this research, the theory of "insect→ to 
insect" was used to optimize the growth rate, biomass, 

Table 1. Protein and fat storage of some edible insect species (relative to dry matter, %)

Types of insects Scientific name of insects Protein Fat Scientific sources

Larvae

Allomyrina dichotoma 54,18 20,24 Ghosh et al. (2017)
Anaphe infracta 20,00 15,20 Banjo et al. (2006)
Anaphe recticulata 23,00 10,20 Banjo et al. (2006)
Anaphe venata 25,70 23,21 Banjo et al. (2006)
Gonimbrasia belina 56,95 10,00 Siulapwa et al. (2014)
Gynanisa maja 55,92 12,10 Siulapwa et al. (2014)
Protaetia brevitarsis 44,23 15,36 Ghosh et al. (2017)
Rhynchophorus phoenicis 22,06 66,61 Ekpo and Onigbinde (2005)
Tenebrio molitor 46,44 32,70 Ravzanaadii et al. (2012)

Bugs 

Heteroligus meles 38,10 32,01 Jonathan (2012)
Oryctes boas 26,00  1,50 Banjo et al. (2006)  
Rhynchophorus phoenicis 50,01 21,12 Jonathan (2012)
Rhynchophorus phoenicis 28,42 31,40 Banjo et al. (2006)

 Grashopper
Brachytrypes spp.  6,25   2,34 Banjo et al. (2006)
Gryllus bimaculatus 58,32 11,88 Ghosh et al. (2017)  
Teleogryllus emma 55,65 25,14 Ghosh et al. (2017)

Termites
Macrotermes bellicosus 20,10 28,20 Banjo et al. (2006)  
Macrotermes falciger 43,26 43,00 Siulapwa et al. (2014)  
Macrotermes notalensis 22,10 22,50 Banjo et al. (2006)

Spider Apis mellifera 21,00 12,30 Banjo et al. (2006)
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Table 2. Energy value of insect species by areas

Area Local name Scientific name Energy value 
(relative to dry 

matter kcal/ 100 г)
Australia Australian plague locust, raw Chortoicetes terminifera 499
Australia Green (weaver) ant, raw Oecophylla smaragdina 1 272
Canada, Quebec Red-legged grasshopper, whole, raw Melanoplus femurrubrum 160
USA, Illinois Yellow mealworm, larva, raw Tenebrio molitor 206
USA, Illinois Yellow mealworm, adult, raw Tenebrio molitor 138
Ivoru Coast Termite, adult, dewinged, dried, flour Macrotermes subhyalinus 535
Mexico, Veracruz Leaf-cutter ant, adult, raw Atta mexicana 404
Mexico, Xidalgo Honey ant, adult, raw Myrmecocystus melliger 116
Thailand Field cricket, raw Gryllus bimaculatus 120
Thailand Giant water bug, raw Lethocerus indicus 165
Thailand Rice grasshopper, raw Oxya japonica 149
Thailand Grasshopper, raw Cyrtacanthacris tatarica 89
Thailand Domesticated silkworm, pupa, raw Bombyx mori 94
The Netherlands Migratory locust, adult, raw Locusta migratoria 179

FAO, 2013.

Table 3. Protein storage depending on the 
developmental of the insect species  

(Xiaoming et al., 2010)

Insect species Developmental stage Protein 
storage, %

Coleoptera bug and larva  23 – 66
Lepidoptera pupa and larva 14 – 68
Hemiptera bug and larva  42 – 74
Homoptera bug, larva, egg 45 – 57
Hymenoptera bug, larva, egg 13 – 77
Odonata Adults and naiad 46 – 65
Orthoptera Adults and nymph 23 – 65

protein and fat storage of Tenebrio molitor larvae, and 
to increase the fat storage of larvae, in the future, the use 
of forage and feed additives based on other food insect 
species as a source of protein, fat, vitamins or minerals 
in the cultivation of these larvae under controlled 
conditions should be widely introduced in practice.

ACKNOWLEDGEMENTS

This study was carried conducted as part of the 
scientific program of the Tashkent Institute of Chemical 
Technology "Development of feeding technology 
based on non-traditional sources". The authors express 
gratitude to the staff of the head scientific laboratory 
"Biotechnology" (Prof. N A Khujamshukurov) of the 
Tashkent Institute of Chemical Technology.

FINANCIAL SUPPORT

The authors have no relevant financial support to 
disclose here.

AUTHOR CONTRIBUTION STATEMENT

Field surveys and host studies (SM, RK, RHP).

CONFLICT OF INTEREST

The authors have no conflict of interests

REFERENCES

Adámková A., Kouřimská L., Borkovcová M., Kulma M., Mlček J. 2016. 
Nutritional values of edible Coleoptera (Tenebrio molitor, Zophobas 
morio and Alphitobius diaperinus) reared in the Czech Republic. 
Potravinarstvo Scientific Journal for Food Industry 10(1): 663-671. 

Banjo A D, Lawal O A, Songonuga E A. 2006. The nutritional value of 
fourteen species of edible insects in southwestern Nigeria. African 
Journal of Biotechnology 5: 298-301.  

Bednarova M, Borkovcova M, Mlcek J, Rop O, Zeman L. 2013. Edible 
insects - species suitable for entomophagy under condition of Czech 
Republic. Acta Univ. Agric. Silvic. Mendel. Brun. 61(3): 587-593. 

Bernard J B, Allen, M E, Ullrey D E. 1997. Feeding captive insectivorous 
animals: nutritional aspects of insects as food. In: Nutrition 
Advisory Handbook. Brookfield IL, Chicago Zoological Society, 
Brookfield Zoo.

Bukkens S G F. 1997. The nutritional value of edible insects. Ecology 
Food Nutrition 36 (2-4): 287-319.

Collavo A, Glew R H, Huang Y S, Chuang L T, Bosse R, Paoletti M G. 
2005. House Cricket Small-scale Farming// Ecological Implications 
of Minilivestock. pр. 515-540.  doi/abs/10.1080/03670244.1997.
9991521



Edible insects and modern approaches to their use-scientific analysis   5 
Hasanboy Abdinazarov et al.

Diener S, Zurbrügg C, Tockner K. 2009. Conversion of organic material 
by black soldier fly larvae: establishing optimal feeding rates. Waste 
Management Research 27(6): 603-610. 

Dobermann D, Swift J A, Field L M. 2017. Opportunities and hurdles 
of edible insects for food and feed. Nutrition Bulletin 42: 293-308.

Durst P B, Shono K (ed). 2010. Forest insects as food: humans bite back. 
FAO, Bangkok, Thailand. pp. 65-84. 

Ekpo K E, Onigbinde A O. 2005. Nutritional potentials of the larva of 
Rhynchophorus phoenicis (F). Pakistan Journal of Nutrition 4(5): 
287-290.

Finke M D. 2002. Complete nutrient composition of commercially raised 
invertebrates used as food for insectivores. Zoo Biology 21(3): 
269-285. https://doi.org/10.1002/zoo.10031

Foley Jonathan A, Ramankutty Navin, Brauman Kate A, Cassidy Emily 
S, Gerber James S, Johnston Matt, Nathaniel D Mueller, Christine 
O’Connell, Deepak K Ray, Paul C West, Christian Balzer, Elena M 
Bennett, Stephen R Carpenter, Jason Hill, Chad Monfreda, Stephen 
Polasky, Johan Rockstro¨m, John Sheehan, Stefan Siebert, David 
Tilman, David P M Zaks. 2011. Solutions for a cultivated planet// 
Nature. Vol. 478. pр.-337-342. doi:10.1038/nature10452).

Frye F L, Calvert Ch C. 1989. Preliminary information on the nutritional 
content of mulberry silk moth (Bombyx mori) larvae. Journal of 
Zoo and Wildlife Medicine 20(1), Nutrition Issue (Mar., 1989), 
pp. 73-75.

Gao Y, Wang D, Xu M L, Shi S S, Xiong J F. 2018. Toxicological 
characteristics of edible insects in China: A historical review. Food 
Chem Toxicol 119: 237-251. 

Gerber P J, Steinfeld H, Henderson B, Mottet A, Opio C, Dijkman J, 
Falcucci A, Tempio G. 2013. Tackling climate change through 
livestock-a global assessment of emissions and mitigation 
opportunities. Food and Agriculture Organization of the United 
Nations (FAO), Rome. 139 pp.

Ghosh Sampat, Lee So-Min, Jung Chuleui, Meyer-Rochow V B. 2017. 
Nutritional composition of five commercial edible insects in South 
Korea. Article in Journal of Asia-Pacific Entomology. 20: 686-694. 

Grafton R Q, Daugbjerg C, Qureshi M E. 2015. Towards food security 
by 2050. Food Security 7: 179-183. 

Hill Jonathan. 2012. Biological, psychological and social processes in 
the conduct disorders. Journal of Child Psychology and Psychiatry, 
43(1): 133-164. 

Industry Forecast. 2020. Global overview. September 16.

Khujamshukurov N A. 2011. Alternative protein products. J. XXI-
Technology 4(5): 14-15

Khujamshukurov N A, Nurmuxamedova V Z. 2016. Production feed: 
modern trend and development aspect. Scientific overview. Jornal 
of Zooveterinary 8(105): 34-37.

Kunal Ahuja, Kritika Mamtani. 2020. Global Market Insights, Inc.

Landry S V, DeFoliart G R, Sunde M L. 1986. Larval protein quality of 
six species of Lepidoptera (Saturniidae, Sphingidae, Noctuidae). 
Journal of Economic Entomology 79: 600-604. 

Longvah T, Mangthya K, Ramulu P. 2011. Nutrient composition and 
protein quality evaluation of eri silkworm (Samia ricinii) prepupae 

and pupae. Food Chemistry 128(2): 400-403.

Mekonnen M M, Hoekstra A Y. 2012. A global assessment of the water 
footprint of farm animal products. Ecosystems 15: 401-415. 

Mirzaeva D A, Maksumkhodzhaeva K S, Khujamshukurov N A, 
Abdullaev X O, Gazieva Sh.Q, Iskhakova Sh. M, Kuchkarova D 
Kh. 2020. Dependence of the food environment on protein synthesis 
of feed insects. IJCMAS 9(04): 3225-3232.  

Mkandawire M, Dudel E G. 2005. Accumulation of arsenic in Lemna 
gibba L. (duckweed) in tailing waters of two abandoned uranium 
mines in Saxony, Germany. Science of the Total Environment 
336: 81-89. 

Oonincx D, Dierenfeld E. 2012. An investigation into the chemical 
composition of alternative invertebrate prey. Zoo Biology 31: 
40-54.

Oonincx D G, Van der Poel A F. 2011. Effects of diet on the chemical 
composition of migratory locusts (Locusta migratoria). Zoo 
Biology 30(1): 9-16. 

Osasona A I, Olaofe O. 2010. Nutritional and functional properties of 
Cirina forda larva from Ado-Ekiti, Nigeria. African Journal of Food 
Science 4(12): 775-777.

Park S, Yun E. 2018. Edible insect food: current scenario and future 
perspectives. Food Science of Animal Resources I 7: 12-20.

Raksakantong P, Meeso M, Kubola J, Siriamornpun S. 2010. Fatty acids 
and proximate composition of eight Thai edible terricolous insects. 
Food Research International 43: 350-355.

Ravzanaadii N, Kim S H, Choi W H, Hong S J, Kim N J. 2012. Nutritional 
value of mealworm, Tenebrio molitor as food source. International 
Journal of Industrial Entomology 25(1): 93-98. 

Rumpold B A, Schluter O K. 2013. Nutritional composition and safety 
aspects of edible insects. Molecular Nutrition and Food Research 
57(5): 802-823. 

Siulapwa N, Mwambungu A, Lungu E, Sichilima W. 2014. Nutritional 
value of four common edible insects in Zambia. International 
Journal of Science Research 3(6): 876-884.

van Huis A, Van Itterbeeck J, Klunder H, Mertens E, Halloran A, Muir 
G, Vantomme P. 2013. Edible insects - future prospects for food 
and feed security. FAO Forestry. Paper 171.

Veldkamp T, van Duinkerken G, van Huis A, Lakemond C M M, 
Ottevanger E, Bosch G, van Boekel M A J S. 2012. Insects as a 
sustainable feed ingredient in pig and poultry diets - a feasibility 
study. Rapport 638- Wageningen Livestock Research.

Vrabec V, Kulma M, Cocan D. 2015. Insects as an alternative 
protein source for animal feeding: a short review about 
chemical composition. Bulletin of the University of Agricultural 
Sciences & Veterinary Medicine Cluj-Napoca Animal Science & 
Biotechnologies 72(2): 116-126.  

Xiaoming C, Ying F, Hong Z, Zhiyong C. 2010. Review of the nuritive 
value of edible insects. In P B Durst, D V Johnson, R L Leslie, K 
Shono (eds.). Forest insects as food: humans bite back. 
Proceedings  workshop on Asia-Pacific resources and their 
potential for development. Bangkok, FAO Regional Office for 
Asia and the Pacific.

Manuscript Received: February, 2023; Revised: April, 2023; 
Accepted: May, 2023; Online Published: June, 2023) 

Online First in www.entosocindia.org and indianentomology.org Ref. No. e23256




