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Introduction 
 

By 2050, there will be a problem with the 

provision of food to more than 9 billion 

people (FAO, 2009). According to FAO 

(2011), by 2050, compared with 2010, the 

demand for meat products will increase by 

58%, and the demand for dairy products - by 

70%. Livestock farming is known to be one of 

the most productive sectors, with 35% of 

world production and 75% of agricultural 

production spent on developing this industry. 

Also, this industry consumes 8% of the 

world's drinking water (including food crops) 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 9 Number 4 (2020)   
Journal homepage: http://www.ijcmas.com 
 

This article analyzes the synthesis of the Tenebrio molitor protein (Coleoptera: Tenebrio 

nidae) belonging to a feed insect, depending on its nutrient content. Differences in protein 

synthesis by Tenebrio molitor larvae were shown when wheat bran and flour from the 

macrophytes Lemna minor and Azolla carolina were added. In particular, it was noted that 

TMO-2 and TMO-6 T.molitor F6 larvae are synthesized on average 31.02% protein in 

wheat bran, 38.13% in duckweed and 30.87% in azole. It was found that the larvae of 

variant F6 grown on wheat bran synthesized protein on average 4.79% less than the variant 

F1 of wheat. F6 larvae grown in duckweed synthesized 7.11% more protein than larvae 

grown in wheat bran and 0.15% less protein synthesis than larvae grown in azole. It was 

found that F6 larvae grown in duckweed produce 7.26% more protein than larvae grown in 

azole. Summarizing these indicators, it was noted that in the body of larvae eating 

macrophytes insufficient absorption of nutrients, low moisture content in the feed led to 

their death, egg laying and larvae of variant F6 produced significantly less protein than 

variant F1. When feeding macrophytes, it is advisable to take into account its moisture 

content or add flour based on them to other food sources. It was studied that egg-laying 

larvae grown on the basis of azole accounted for 38.14%, whereas in duckweed this 

indicator was 58.38%. It was found that in larvae grown on wheat bran, the percentage of 

egg-laying is 68.85%. The mortality rate of larvae feeding on wheat bran was 18.22%, in 

duckweed - 44.63%, in azole - 62.27%, this is due to insufficient moisture in the 

composition of duckweed and azolle (average humidity 3.4-4.2%), relatively high 

humidity (average humidity 9.58-10.12%) in wheat bran. 
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(FAO, 2014; Foley 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 farming also 

requires a large amount of water (Mekonnen 

and Hoekstra, 2012). As a result, the 

cultivation of livestock products requires huge 

reserve resources, taking into account the 

production of feed. This shows that the 

cultivation of foods that are easy to 

manufacture, inexpensive and rich in all the 

necessary ingredients is one of the most 

pressing problems. 

 

In addition, soybean flour and fishmeal are 

recognized separately as the main food 

sources to provide the fishing industry with 

nutritious food products in the global 

industry. Wheat flour and corn flour are also 

widely used as staple foods in fisheries. It is 

noted that soy flour contains 44-54% protein 

and 2-3% fat (Adámková et al., 2016), while 

fish meal contains about 48-75% protein and 

9-11% fat (Vrabec et al., 2015). 

 

One of the global problems is a sharp change 

in the natural climate, drought due to abiotic 

and biotic factors, a decrease in the area of 

land for agricultural production due to 

increased salinity and soil degradation, and 

serious problems arise in the production of 

agricultural products under the influence of 

various pests and diseases. 

 

By breeding industrially insects with a 

nutritious chemical composition, it is possible 

to create an unlimited number of feed 

industries and feed additives for livestock 

production (van Huis et al., 2013). The fact 

that it is very convenient to breed insects on 

the basis of inexpensive secondary organic 

products or on the basis of biological waste 

shows the importance of these biological 

objects (Collavo et al., 2005). 

 

Insects can also consume various processed 

wastes, turning them into food feeds with 

high nutritional value. It was shown that, 

reproducing a large number of insects on an 

industrial basis, they can be used as an 

alternative to the production of food feeds 

products with high nutritional value 

(Veldkamp et al., 2012). In particular, it was 

determined that Tenebrio molitor (larva) of 

various food insects retains 44–64% protein, 

17–43% fat (Finke, 2002), 40–75% protein 

(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 and 

van der Poel., 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 (larvae) - protein 

32–52%, fat 12–42% (Rumpold and Schlüter, 

2013).Thus, edible insects can be considered 

as an alternative source of providing the 

livestock, poultry, and fishing industries with 

a continuous nutritious feed base 

(Khujamshukurov., 2011). It is known that 

Tenebrio molitor is one of the most widely 

used edible insects in the world practice 

(Khujamshukurov et al., 2016). 

 

Analyzing scientific sources, we can see that 

the data on the storage of proteins and fats, 

which determine their nutritional value, are 

different. In particular, 44-64% is retained 

relative to dry matter (Finke, 2002), 46.4% 

(Ravzanaadii et al., 2012), 47.7% (Ramos-

Elorduy et al., 2002), 63.3% (Ghaly and 

Alcoaic., 2009), some sources report protein 

retention of up to 70%. 

 

In addition, the amino acids in their protein 

(Akhtar and Isman, 2018) and the fatty acid 

content of their fat are also interpreted 

differently (Boscou et al., 2006; Caruso et al., 

2014; Jeon et al., 2016; Jokic et al., 2013; 

Popa et al., 2012). This may be due to the 
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area of distribution of these insects, living 

conditions, type of feeding under controlled 

conditions, nutritional value of the food base. 

 

The purpose of the work  

 

Growing in the conditions of Uzbekistan 

(Tashkent Chemical-Technological Institute, 

Biotechnology Research Laboratory) consists 

in determining the stock of protein and amino 

acids Tenebrio molitor (Coleoptera: Tenebrio 

nidae). 

 

Materials and Methods 

 

Object of study. The sixth generation (F6) 

Tenebrio molitor (Coleoptera: Tenebrio 

nidae) was used, collected from the southern 

foothills of Uzbekistan and propagated under 

controlled conditions. During the study, from 

larvae and beetles collected by nature and 

numbered Tenebrio molitor (128: larvae 108, 

20 beetles), 2 larvae (TMO-2: 5.36 cm, TMO-

6: 4.83 cm) were selected (F1 variant), which 

were the largest in size compared to others, 

upon visual observation, a Tenebrio molitor 

colony was formed on their basis. Growing 

conditions: used dry biomass of wheat bran 

with a standard content (protein 14-15%, fat - 

0.8-1.0%), as well as from macrophytes 

Lemna minor (protein 16.1%, fat - 2.8-3, 1%) 

and Azolla carolina (protein -27.6%, fat-2.8-

3.2%). Temperature is 20-22
0
C. The duration 

of cultivation in all samples was 28 days.  

 

Determination of proteins 
 

Method R. Scoups (1985) was used in protein 

purification. During protein separation, the 

dry mass of the insect was crushed and 

disinfected with hexane. They took 1.5 g of 

insect flour and extracted sequentially in 5 ml 

of water, 5 ml of 5 M sodium chloride, 5 ml 

of absolute methanol and 5 ml of 0.2 M 

phosphate buffer (pH-8.0). Each extraction 

was carried out for 20 minutes. After 

extraction, the solutions were centrifuged for 

15 min at a speed of 8000 rpm. The amount of 

protein in the supernatant was determined by 

the standard Lowry method. The calculation 

of the statistical error, mean value, confidence 

intervals and standard deviations from 

experimental data was carried out using the 

STATISTICA 6.0 computer program and 

standard methods. The statistical significance 

of the results was determined using Student's 

t-test. 

 

Results and Discussion 

 

When studying the direct storage of protein of 

Tenebrio molitor larvae (3-4 cm long), variant 

F1 collected from the Angren mountain 

ranges, Republic of Uzbekistan, Tashkent 

region, the average protein content was 

43.09% (Figure 1). It was noted that the 

average protein content in the variants of F1 

larvae 1-3 cm long collected from nature is 

42.74% (Fig. 2). 

 

The average protein content in both variants 

was summed up and averaged 43.0%. This 

indicator (43.0%) was used as a control for 

moderate growth of Tenebrio molitor larvae 

and selection of culture media with different 

protein contents for storage. During the study, 

from larvae and beetles collected by nature 

and numbered Tenebrio molitor (128: larvae 

108, 20 beetles), 2 larvae (TMO-2: 5.36 cm, 

TMO-6: 4.83 cm) were selected (F1 variant), 

which were the largest in size compared to 

others, upon visual observation, a Tenebrio 

molitor colony was formed on their basis. 

 

In this study, variants of TMO-2 and TMO-6 

larvae based on variant F1 and based on F6 

were used to study the properties of protein 

formation in various nutrient sources. 

Variants of Tenebrio molitor TMO-2 and 

TMO-6 larvae were used as controls for each 

other in the analysis of protein formation in 

various nutrient sources. 
 

Although the larvae of the TMO-2 variant 
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obtained on the basis of the F6 variant 

synthesized 30.89% of the protein in wheat 

bran, it was found that they synthesize 12.2% 

less protein than in the control variant (F1). 

The TMO-2 variant grown in duckweed-

based nutrient medium showed an average of 

38.65% protein synthesis, 4.44% less than the 

F1 control, and 7.71% more protein synthesis 

than F6 grown on wheat bran. Therefore, the 

fact that duckweed stores more protein than 

wheat bran from the point of view of protein 

storage, could serve as the basis for this. It 

was found that the larvae of the TMO-2 

variant obtained on the basis of variant F6 

synthesize an average of 31.48% of the 

protein when grown on the basis of azole. 

 

It was noted that the protein synthesized is 

11.61% less compared to the F1 protein 

variant. It was found that wheat bran produces 

an average of 0.59% more protein than the 

larvae of variant F6, and 7.17% less protein 

synthesis than the larvae of variant F6 grown 

in duckweed. The fact that less protein is 

synthesized in azole than in duckweed can be 

explained by the fact that splitting of the azole 

flour in the larval organism is more 

complicated than in duckweed flour. 

 

The larvae of the TMO-6 Tenebrio molitor 

variant obtained on the basis of F6 synthesized 

31.15% of the protein in wheat bran, while 

protein synthesis was observed to be 11.59% 

less compared to the control variant (F1) (Fig. 

2). The TMO-6 variant grown in a nutrient 

medium based on Lemna minor synthesized 

an average of 37.60% protein, 5.14% less 

than the F1 control, and 6.45% more protein 

synthesis than the F6 variant grown on wheat 

bran. Therefore, the reason for this may be the 

fact that the aforementioned duckweed stores 

more protein than wheat bran. It was observed 

that the larvae of the TMO-6 variant obtained 

on the basis of the F6 variant synthesized on 

average 30.26% of the protein when grown on 

the basis of azole and 12.48% less protein 

synthesis than on the F1 control. Variant 

TMO-6 larvae grown on Azolla carolina flour 

synthesized 0.89% less protein than larvae of 

TMO-6 variant grown on wheat bran. 

 

The results obtained compared the synthesis 

of F6 protein of the larva variant of TMO-2 

and the variant TMO-6 in food sources with 

an average protein synthesis of 31.02% in 

standard wheat bran, 38.13% in duckweed 

and 30.87% in azole. It was found that the 

larvae of variant F6 grown on wheat bran 

synthesized protein on average 4.79% less 

than variant F1. F6 larvae grown in duckweed 

synthesized 7.11% more protein than larvae 

grown in wheat bran and 0.15% less protein 

synthesis than larvae grown in azole. It was 

found that F6 larvae grown in duckweed 

produce 7.26% more protein than larvae 

grown in azole. This means that although the 

source of the nutrients of the naturally 

harvested (F1) larvae is unclear, they may 

have had high protein synthesis because they 

naturally fed on the most convenient and 

nutritious food source. The high protein 

synthesis of F6 larvae in wheat bran compared 

to duckweed can be explained by its high 

protein content and its easy digestion in the 

larval organism. However, the high protein 

content in azole can be explained by the fact 

that the larvae synthesize less protein than 

duckweed, which complicates the breakdown 

and digestion of azole in the larval organism. 

 

However, studies have shown significant 

differences in the overall development and 

mortality of larvae feeding on duckweed and 

azole. In particular, the laying of eggs of 

larvae based on azole was 38.14%, and in 

duckweed - 58.38%. It was noted that the 

percentage of egg laying in larvae grown on 

wheat bran was 68.85%. 

 

The mortality rate of larvae feeding on wheat 

bran was only 18.22%, on duckweed - 

44.63%, and on azole - 62.27%. This situation 
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is explained by the fact that in duckweed and 

azole there is not enough moisture (average 

humidity 3.4–4.2%), the content of wheat 

bran is relatively high (average humidity 

9.58–10.12%). 

 

Summing up these indicators, we believe that 

the lack of nutrients in the body eating 

macrophyte larvae, the low moisture content 

in the feed led to their death, egg laying and 

larvae of variant F6 produced significantly 

less protein than variant F1. Therefore, when 

feeding macrophytes, it is advisable to take 

into account its moisture content or add flour 

based on them to other food sources. Then the 

larvae can die, lay eggs and achieve 

maximum protein synthesis. 

Figure.1 Storage of Tenebrio molitor larvae protein (TMO-2) in various  

nutrient media (% of dry matter) 

 

 
Note - option F1 is a variant collected from nature; Wheat bran: protein 14-15%, fat 0.8-1.0%; Duckweed: protein 

16.1%, fat 2.8-3.1%; Azolla: protein -27.6%, fat-2.8-3.2% 

 

Figure.2 Storage of protein larvae of Tenebrio molitor (TMO-6) in various  

nutrient media (in% of dry matter) 

 

 
Note - option F1 is a variant collected from nature; Wheat bran: protein 14-15%, fat -0.8-1.0%; Duckweed: protein 

16.1%, fat - 2.8-3.1%; Azolla: protein -27.6%, fat -2.8-3.2% 
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In conclusion, typically, agricultural products 

such as soybean meal, wheat bran, corn bran 

and cornmeal, which are expensive and 

inconvenient to grow, are used in the 

production of Tenebrio molitor under 

controlled conditions and in the production of 

feed products based on it. This suggests the 

need for alternative feed sources to organize 

industrial production based on edible insects. 

As such alternative nutrient sources, 

macrophytes can be considered as one of the 

most viable options. Favorable climatic 

conditions in the Republic of Uzbekistan, 

sunny days for at least 270 days a year, from 

March to mid-November, allow the 

cultivation of macrophytes (duckweed, azolla, 

euchronia, pistia, etc.) on an industrial 

basis.Based on just one lem Lemna spp. 

production capacities of 60-145 t/ha/year in 

Thailand-Vietnam were noted (Landolt and 

Kandeler, 1987), 36-51 t/ha/year in Israel 

(Leng et al., 1995), 7-8 t/ha/year in Russia 

(FAO, 2001), 7-15 t/ha/year in Uzbekistan 

(FAO, 2001), 22-34 t/ha/year in Germany 

(Mkandawire and Dudel, 2005), 30-70 

t/ha/year in India (Leng at al. , 1995), 30 

t/ha/year in Egypt (Landolt and Kandeler, 

1987) and 57-185 t/ha/year in various regions 

of the USA (FAO, 2001). 

 

Now it is clear that these numbers have 

increased several hundred times. In particular, 

based on our scientific studies, it was proved 

that in Uzbekistan, on the basis of the small 

lemna, it is possible to obtain 154 t/ha/year of 

wet biomass or 27.34 tons of dry mass 

(Khujamshukurov et al., 2012). This will 

allow to establish production based on edible 

insectsin Uzbekistan and provide its feed base 

based on macrophytes. From scientific 

sources it is known that when obtaining 

protein based on Tenebrio molitor, very few 

land areas, feed and water are required in 

comparison with the land plots necessary for 

raising chickens, pigs or cattle. In addition to 

its low environmental impact, this production 

is characterized by a very high level of 

productivity and the ability to organize the 

production process regardless of the time of 

year. In particular, cattle or pigs cannot feed 

on any plant matter, and very large plants, 

including macrophytes, can be used for 

insects. 

 

In our study, their properties of protein 

synthesis during the propagation of Tenebrio 

molitor based on macrophytes were 

demonstrated. The production of feed based 

on edible insects will provide the fast-

growing fish industry in Uzbekistan with a 

source of continuous, full nutritional value. 

The cultivation of these species of insects 

using macrophytes of duckweed and azolle, 

which are easy to breed, will reduce their cost 

and increase their nutritional value. 
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