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Abstract. The method of providing an invertebrate biomass 
with particular parameters of a nutrient-dense composition 
(i.e. supplied with relatively more nutrients than calories) is 
discussed. An increase in the content of particular nutrients in 
the biomass of two invertebrate (model) species was achieved 
via the input of precursor material in the food substrate. The 
content of protein, minerals, B-group vitamins and liposoluble 
vitamins A, E, D and K in the biomass of the Giant African 
land snail Lissachatina fulica (Férussac, 1821) and the 
Speckled cockroach Nauphoeta cinerea (Olivier, 1789) were 
investigated. A minimal input of vitamins C and B7 to the 
food substrate resulted in only a slight decrease in the level of 
protein in the biomass of snails from с. 20.4 to 18.8 % and in 
cockroaches from c. 8.6 to 8.0 %, but an increase in vitamins 
B1, B2, B3, B4 and B9 was found in the biomass of snails, 
and B1, B4 and B9 in cockroaches; the content of liposoluble 
vitamins A, E, D and K increased signifi cantly in the biomass 
of cockroaches, but A, E and D increased and K decreased in 
snails. The content of Se, I, Pb, Hg, Mo, Ca, Na, K and Cl in 
the biomass of snails and of Fe, Se, Zn, Mn, Mg, P, Ca, Na, K 
and Cl in cockroaches also increased. Clearly, food substrate 
enrichment by precursor material results in nutrient composi-
tion changes in the invertebrate biomass. Further research will 
clarify the quantity and chemical form of precursor material 
inserted into a food substrate necessary to determine the most 
suitable nutrition for invertebrates.

Резюме. В работе обсуждается возможность получения 
биомассы беспозвоночных с заданными параметрами нут-
риентого состава, что позволило бы получать насыщенный 
пищевой продукт с высоким содержанием определённых 
питательных веществ при общей низкой его калорийности. 
Исследовался способ повышения содержания отдельных 
нутриентов в биомассе модельных видов беспозвоночных 
посредством увеличения концентрации исходных веществ 

в кормовом субстрате. Для модельных видов гигантской 
ахатины Lissachatina fulica (Férussac, 1821) и мраморного 
таракана Nauphoeta cinerea (Olivier, 1789) сопоставлены 
данные по содержанию белка, витаминов группы B, ми-
нералов и жирорастворимых витаминов A, E, D и K при 
увеличении содержания этих нутриентов в пищевом суб-
страте. Минимальное увеличение содержания витаминов С 
и  B7 не оказало влияние на увеличение белка в биомассе, 
его содержание несколько уменьшилось: с 20,4  до 18,8 % 
у ахатин и с 8,6 до 8,0 % у тараканов. Зафиксировано за-
метное увеличение содержания витаминов B1, B2, B3, B4 
и B9 у ахатин, B1, B4 и B9 у тараканов. Жирорастворимые 
витамины показали значительное увеличение содержания 
в биомассе у тараканов и ахатин, за исключением витамина 
K, снизившегося у ахатин. Зафиксировано увеличение 
минералов: Se, I, Pb, Hg, Mo, Ca, Na, K, Cl у ахатин, Fe, 
Se, Zn, Mn, Mg, P, Ca, Na, K, Cl у тараканов. Несмотря 
на несколько противоречивые результаты, очевидно, что 
обогащение пищевого субстрата исходными вещества-
ми необходимых нутриентов приводит к изменению их 
содержания в бимомассе беспозвоночных. Дальнейшие 
исследования позволят уточнить количество и формулу 
вносимого вещества для получения заданных параметров 
соотвествующего нутриента в биомассе. 

Introduction
To provide for the increase in food product consump-

tion in the world, the search for new resources of animal 
protein gain in addition to traditional animal production 
is necessary [Van Raamsdonk et al., 2017; Tang et al., 
2019; Tobolkova, 2019]. New approaches to balanced 
nutrition demand the generation of functional products, 
which could provide not only vital organism function, 
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but also supply it with all necessary nutrients. Intensive 
development of agricultural technologies can enhance 
the production of meat, eggs, fi sh and milk products rich 
in essential amino acids up to the limit determined by the 
potential of farmed animals. The burden on ecosystems 
connected with the production of feed and necessity 
to use poultry and livestock excrements related to III–
V hazard classes, as well as the infl uence of the process-
ing industry, signifi cantly limits further increases in total 
livestock numbers [Premalatha et al., 2011; Belluco et 
al., 2013; Hanboonsong et al., 2013; Mlcek et al., 2014; 
Assielou et al., 2015; Han et al., 2017; Van Huis, Oon-
incx, 2017.]. To meet a lack of animal protein avoiding 
the above-mentioned problems is possible by using the 
biomass of invertebrates as an alternative to traditional 
resources of protein [Rumpold, Schluter, 2013; Assielou 
et al., 2015; Ayensu et al., 2019], but with reference 
to the safety of reared edible invertebrates [Rumpold, 
Schluter, 2013; Van Huis, 2013, 2015; Murefu et al., 
2019; Tobolkova, 2019].

Currently a trend to raise terrestrial insects, molluscs, 
arachnids, worms and other invertebrates is actually be-
ing developed worldwide [Mlcek et al., 2014; Jansson, 
Berggren, 2015; Kim et al., 2019; Hlongwane et al., 
2020], including Russia [Gorbunova, Zakharov, 2021; 
Tshernyshev et al., 2022; Skriptcova et al., 2023]. As 
well as generating technologies to raise and actively 
work farms to produce a biomass of invertebrates mainly 
for feed of domestic animals, this work is currently at an 
experimental level and far from being fully adopted at 
an industrial level. Nonetheless, four species of insects 
authorized by the the European Commission (EC) for 
sale, farming and novel food consumption are already 
used for the preparation of powder to enrich bread ingre-
dients with animal protein, and the EC Regulation no. 
853/2004 defi nes fi ve species of terrestrial gastropods 
as ‘edible snails’ to be used in restaurant gastronomy 
[Regulation EC, 2004; EFSA, 2015, 2022; Lahteenmaki-
Uutela, Grmelova, 2016; Van Peer et al., 2021; EU 
Commission, 2023].

In generating technologies to raise terrestrial 
invertebrates, it is important that  industrial develop-
ment determines the quality of gained biomass and 
improvement of its nutrient content and bioavailability 
[DeFoliart, 1999; Van Huis, 2013, 2015; Drewnowski, 
Fulgoni III, 2014; Rumpold, Schluter, 2013; Zielińska, 
et al., 2015; Kouřimská, Adámková, 2016; Gere et al., 
2017; Mielgo-Ayuso et al., 2018; Mwangi et al., 2018; 
Elhassan et al., 2019; Melgar-Lalanne et al., 2019; Patel 
et al., 2019; Gravel, Doyen, 2020; Gorbunova, Zakharov, 
2021; Tshernyshev et al., in litt.]. Invertebrate biomass is 
rich in large number of nutrients necessary for functional 
human nutrition; animal protein provides 11 essential 
amino acids, namely: valine, isoleucine, leucine, lysine, 
methionine, threonine, tryptophan and phenylalanine. 
The biomass of invertebrates includes a dense nutrient 
composition (i.e. supplied with relatively more nutrients 
than calories) [Drewnowski, Fulgoni, 2014]. In our ex-
periments, the calorifi c value of the biomass wet matter 
of two invertebrate (model) species is c. 100 kcal, and 

the protein content reached 20.5%, with low content of 
fat (c. 1.5–3 %) and carbohydrates (0.3–1.5 %) and high 
level of diversity and value of vitamins and minerals 
[Tshernyshev et al., in litt.; Morozova et al., 2023]. A low 
or uneven content of some vitamins (e.g., B1, В3, B7, 
С, D, K), minerals and fatty acid have been revealed in 
the biomass of invertebrates [Hius et al., 2013; Zielińska 
et al., 2015; Oonincx, Finke, 2020; Shan et al., 2022]. 
Data regarding the nutrient content in biomass gained 
from raised invertebrates varies for diff erent regions of 
the World [Ramos-Elorduy et al., 1997]; for example, 
the biomass of cockroaches and scarabeid beetles lar-
vae reared in Africa contains higher levels of protein, 
ash, and other characteristics [Hlongwane et al., 2020]. 
Obviously, the nutrient content in the biomass of raised 
invertebrates is not constant, and depends on various 
factors [Oonincx, van der Poel, 2011; Nowak et al., 
2016; Payne et al., 2016; Melis et al., 2019]. The present 
study reveals one of these factors, namely the infl uence 
of the application of precursors on the accumulation of 
nutrients in biomass of model species.

Material and Methods
Two invertebrate species, the Giant African land 

snail Lissachatina fulica (Férussac, 1821) and the Speck-
led cockroach Nauphoeta cinerea (Olivier, 1789) were 
chosen as model species. 

The experiment was held in fi ve groups for each 
model species. The fi rst group was the control, individu-
als being fed with a substrate which lacked precursors. 
The second was developed on a substrate enriched with 
vitamins C and B7, the third with a mineral premix for 
chickens, the fourth with vitamins B1 (thiamin), B9 
(folate) and B3 (niacin), and the fi fth with fat-soluble 
vitamins A, D, E, K. 

The cultures were raised under laboratory conditions 
with a temperature of c. +25 °С and humidity of c. 60 %. 
Model species were placed in separate plastic containers 
and provided with a feeding substrate and precursors, or 
without them in case of the control group. The feeding 
substrate for cockroaches contained a mixture of grated 
carrot (12 g), oat fl akes (10 g), dried milk (1 g) and dried 
gammarus (1 g), and for achatin snails it contained a 
mixture of carrot (28.6 g) with dried gammarus (1.4 g). 
Replacement of substrate and addition of precursors 
were undertaken three times a week. 

Under a precursor (a substance inserted into the feed-
ing substrate and shared in metabolism of invertebrates) 
generated a particular nutrient in the biomass. In the 
experiment the following substances were chosen as 
precursors: vitamins C and B7 (biotin) to generate pro-
tein, a complex mineral food supplement for chickens 
(premix) to minerals, vitamins B1, B3, B4 and B9 for 
concordant vitamins of В-complex, and vitamins A, D, 
E and K for fat-soluble vitamins.

Enrichment of feeding substrate was generated in 
two stages. At the fi rst stage precursors were inserted in 
minimal doses ranging from 2 to 50 mg per 1 kg of feed-
ing substrate according to the type of input substance. 
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Such a dosage corresponds approximately with recom-
mendations for vitamin and mineral rations provided to 
agricultural animals to prevent hypovitaminosis. At the 
second stage doses of precursors were increased twice 
in proportion to each substance input in the substrate. 
In this case, doses of precursors should have suffi  cient 
enriched biomass up to the required level for metabolism 
and also accumulate particular nutrients. Quantities of 
input samples of precursors are given in Table 1. 

After 30 days samples of crude frozen biomass 
(0.4 kg) of each model species were analysed. The analy-
ses were undertaken in the test centre «OOO Sibtest» 
as a small-scale innovative enterprise of the National 
Research Tomsk Polytechnic University, Tomsk, Russia 
in a laboratory accredited with the license «GOSTAk-
kreditatsiya», No.GOST.RU.22152.

Sample analyses were aimed at detecting ash, 
carbohydrates, chitin, proteins including content and 
ratio of amino acids, lipids, including analysis of fat 
acids: vitamins B1 (thiamine), B2 (ribofl avin), B3 
(niacinamide), B6 (pyridoxine), B4 (choline), B9 (folic 
acid), B12 (cyanocobalamin), A (retinol palmitate), D3 
(cholecalciferol), E (α-tocopherol), K (fi llokinone), and 
minerals: iron (Fe), selenium (Se), zinc (Zn), magnesium 
(Mg), copper (Cu), manganese (Mn), phosphorus (P), 
lead (Pb), mercury (Hg), molybdenum (Mo), iodine (I), 
calcium (Ca), sodium (Na), potassium (K), and chlorine 
(Cl). The calorifi c values of the biomass for both spe-
cies were also determined. The protocols of analyses are 
provided with reference to GOSTs which are a summary 
of Russian State standards.

Statistical analysis
R version 4.0.2 [R Core Team, 2020] was used for 

statistical analysis of the nutrient parameters, and for 
multiple comparison the nonparametric statistics Krus-
kal-Wallis rank sum test (kruskal.test) [Kruskal, Wallis, 
1952] was applied. To evaluate the diff erences between 
groups, the Dunn's test [Dunn, 1964; Dinno, 2017] was 
used with correction to multiply comparisons of the 

Benjamini-Hochberg procedure [Benjamini, Hochberg, 
1995], applicable for independent tests. Linear regres-
sion was applied for the analysis of nutrient content 
change, and data analysis with estimated graphs [Ho et 
al., 2019] was used to evaluate infl uence of enrichment 
on the feed substrate during the experiment.

The present work is registered in ZooBank 
(www.zoobank.org) under LSID urn:lsid:zoobank.
org:pub:DD32E3EB-3C46-43B7-9FA0-0D895463F878.

Results
Nඎඍඋංൾඇඍ ർඈආඉඈඌංඍංඈඇ ංඇ ൻංඈආൺඌඌ ඈൿ ආඈൽൾඅ 
ඌඉൾർංൾඌ 

The results gained during the experiment showed 
signifi cant changes in nutrient composition in terms of 
both an increase and decrease of their content in bio-
mass in comparison with the control groups. Data on 
the general content of nutrients in the biomass of model 
species raised in control groups are presented in Table 2. 

Precursor minimal dose application 
Application of a minimal dose of precursors showed 

an ambiguous reaction by model species resulting in an 
increase in some nutrients in the biomass and a decrease 
in others. The minimal dosage of vitamins C and B7 did 
not increase the level of protein, but it decreased con-
siderably from 20.4 to 18.8 % in snails, and from 8.6 to 
8.0 % in cockroaches.

The following indices of mineral and vitamin con-
tent variation after minimal doses of precursors are 
shown in Figs 1–3. The following minerals content has 
increased (Fig. 1): Se (from 4.9 to 9.8 μg/100), I (from 
0.004 to 0,015 mg/100 g), Pb (from 0.0008 to 0.0013 
mg/100 g), Hg (from 0.00006 to 0.00009 mg/100 g), 
Ca (from 250.9 to 278.2 mg/100 g), Na (from 42.8 to 
51.5 mg/100 g), K (from 352.4 to 387.4 mg/100 g), 
Cl (from 6.28 to 8.6 mg/100 g) in snails, and Fe (from 
1.8 to 2.4 mg/100 g), Se (from 3.88 to 7.2 mg/100 g), 

Type of 
precursor 

I stage, singular dose of precursor II stage, doubled dose of precursor

per 1 kilo of  food substrate, mg per food portion, mg per 1 kilo of  food substrate, mg per food portion, mg

С 50 0.9 100 1.8

В7 25 0.45 50 0.9

premix 5 0.12 10 0.25

В1 2 0.048 4 0.09

В3 30 0.72 60 1.4

В9 1 0.024 1 0.05

А 25 0.45 50 0.9

D 2.5 0.045 5 0.09

E 20 0.48 40 1

K 2 0.048 4 0.1

 Table 1. Quantity of precursors (mg) added to feeding substrate of model species during the experiment
Òàáëèöà 1. Êîëè÷åñòâî âíîñèìûõ ïðåêóðñîðîâ â ýêñïåðèìåíòàëüíîì êîðìëåíèè ìîäåëüíûõ âèäîâ
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 Table 2. Nutrient content of biomass of Lissachatina fulica (Férussac, 1821) and Nauphoeta cinerea (Olivier, 1789)
Òàáëèöà 2. Ñîäåðæàíèå ïèòàòåëüíûõ âåùåñòâ (íóòðèåíòîâ) â áèîìàññå Lissachatina fulica (Férussac, 1821) è Nauphoeta 

cinerea (Olivier, 1789)

Index of content of the nutrient 
detected

Sample No.27A
Lissachatina fulica 
(Férussac, 1821)

Sample No.0549
Nauphoeta cinerea

(Olivier, 1789)

Method applied 
(GOST number)

Human daily 
requirement

Vitamins

B1 (thiamine), mg/100 g 0.094 ± 0.005 0.72 ± 0.04 EN 14122 0.3–1.5 mg/day

B2 (ribofl avin), mg/100 g 0.071 ± 0.004 1.69 ± 0.08 EN 14152 1.8 mg/day

B3 (niacinamide), mg/100 g 1.06 ± 0.05 8.7 ± 0.4 31483 20 mg/day

B6 (pyridoxine), mg/100 g 0.155 ± 0.008 0.96 ± 0.05 EN 14164 2.0 mg/day

B4 (choline), mg/100 g 48.9 ± 2.4 31.9 ± 1.6 P 50929 –

B9 (folic acid), mg/100 g 4.40 ± 0.22 0.26 ± 0.02 31483 400 μg/100 g

B12 (cyanocobalamin), mg/100 g 0.47 ± 0.02 0.44 ± 0.02 ISO 20634 0.3–3.0 μg/100 g

E (α-tocopherol), mg/100 g 6.08 ± 0.30 3.38 ± 0.17 12822 15 μg/100 g

A (retinol palmitate), μg/100 g 26.3 ± 1.3 22.8 ± 1.1 54635 400–1000 μg/100 g

D3 (cholecalciferol), μg/100 g 1.92 ± 0.1 3.6 ± 0.2 54635 10 μg

K (fi llokinone), μg/100 g 0.090 ± 0.011 2.1 ±м0.1 EN 54635 120 μg

Minerals

Fe, iron, mg/100 g 3.9 ± 0.2 1.8 ± 0.2 ICP MS 4–18 mg/day

Se, selenium,  μg/100 g 4.9 ± 0.5 3.88 ± 0.35 ICP MS 10–70 μg/100 g

Zn, zinc, mg/100 g 0.74 ± 0.07 3.8 ± 0.4 ICP MS 3–12 mg/day

Mn, manganese, μg/100 g 0.18 ± 0.05 0.5 ± 0.1 ICP MS 2 mg/day

Cu, copper, mg/100 g 0.13 ± 0.02 0.6 ± 0.1 ICP MS 0.5–1.0 mg/day

Mg, magnesium, mg/100 g 218.9 ± 1.6 45.3 ± 4.6 ICP MS 55–400 mg/day

P, phosphorus, mg/100 g 255 ± 5 192.9 ± 19.3 32009 300–1200 mg/day

Pb, lead, mg/100 g 0.0008 0.002 ICP MS –

Hg, mercury, mg/100 g 0.00006 0.00013 ICP MS –

Mo, molybdenum, mg/100 g 0.007 0.027 ICP MS 0.07 mg

I, iodine, mg/100 g 0.004 0.03 ICP MS 0.15 mg

Ca, calcium, mg/100 g 250.9 127.3 ICP MS 1000 mg

Na, sodium, mg/100 g 42.8 275.6 ICP MS 1300 mg

K, potassium, mg/100 g 352.4 60.8 ICP MS 2500 mg

Cl, chlorine, mg/100 g 6.28 3.4 ICP MS 2300 mg

Other nutrients mass fraction, %

Ash content 0.52 ± 0.05 1.34 ± 0.05 27494 –
Fat 1.43 ± 0.15 3.7 ± 0.15 3042 70 to 154 g/day

Protein 20.4 ± 2.0 8.6 ± 0.5 25011
65–117 g/day with 60% 

animal protein

Carbohydrate 2. 8 ± 0.2 13.6 ± 0.2 P 53747 170–420 g/day

Chitin 4.4 ± 0.5 3.4 ± 0.5 7636 20 g/day

Caloricity, kcal 105.7 122 96 individually

Ïðèìå÷àíèå. Ðàñ÷¸ò ñóòî÷íîé ïîòðåáíîñòè äàí ñîãëàñíî «Íîðì ôèçèîëîãè÷åñêèõ ïîòðåáíîñòåé â ýíåðãèè è ïèùåâûõ âåùåñòâàõ 
äëÿ ðàçëè÷íûõ ãðóïï íàñåëåíèÿ Ðîññèéñêîé Ôåäåðàöèè» 2008 è 2021 ãã. [Tutelyan et al., 2009]. 

Notes. The calculation of daily nutritional requirements is given according to «The norms of physiological requirements in energy 
and nutrients for various of population in Russian Federation» of 2008 and 2021 years. [Tutelyan et al., 2009].

Mg (from 45.3 to 52.3 mg/100 g), Ca (from 127.3 to 
158.9 mg/100 g), K (from 60.8 to 67.2 mg/100 g), Mo 
(from 0.027 to 0.0031 mg/100 g), Na (from 60.8 to 67.2 
mg/100 g), Zn (from 3.8 to 4.2 mg/100 g), Mn (from 0.5 

to 0.6 mg/100 g), Cl (from 3.4 to 6.5 mg/100 g) and P 
(from 192.9 to 216 mg/100 g) in cockroaches. 

In terms of minerals, the following have decreased: 
Zn (from 0.74 to 0.66 mg/100 g), Mn (from 0.18 to 
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Figs 1–3. Nutrient content changes in the biomass of the Giant African land snail Lissachatina fulica and the Speckled cockroach 
Nauphoeta cinerea. 1 — minerals; 2 — B-group vitamins; 3 — liposoluble vitamins A, E, D and K.

Ðèñ. 1–3. Èçìåíåíèå íóòðèåíòíîãî ñîñòàâà áèîìàññû óëèòêè àõàòèíû Lissachatina fulica è ìðàìîðíîãî òàðàêàíà Nauphoeta 
cinerea. 1 — ìèíåðàëû; 2 — âèòàìèíû ãðóïïû B; 3 — æèðîðàñòâîðèìûå âèòàìèíû A, E, D è K.

0.05 mg/100 g), Mg (from 218.9 to 216.5 mg/100 g), P 
(from 255 to 128 mg/100 g) in snails, and Pb (from 0.002 
to 0.001 mg/100 g), and I (from 0.03 to 0.005 mg/100 g) 
in cockroaches.

In terms of vitamins, the following have increased: 
B1 (from 0.094 to 0.158 mg/100 g), B2 (from 0.071 
to 0.132 mg/100 g), B3 (from 1.06 to 1.145 mg/100 
g), B4 (from 48.9 to 49.5 mg/100 g) and B9 (from 
4.40 to 5.78 μg /100 g) in snails, and B1 (from 0.72 

to 0.95 mg/100 g), B4 (from 31.9 to 32.5 mg/100 g) 
and B9 (from 0.26 to 0.30 mg/100 g) in cockroaches. 
The following have decreased: B6 (from 0.155 to 
0.107 mg/100 g) in snails, and B2 (from 1.69 to 1.56 
mg/100 g), B3 (from 8.7 to 8.6 mg/100 g) and B6 (from 
0.96 to 0.93 mg/100 g) in cockroaches (Fig. 2). 

In terms of fat-soluble vitamins, the following have in-
creased signifi cantly: A (from 22.8 to 25.3 μg /100 g), E (from 
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3.38 to 3.6 mg /100 g), D3 (from 3.6 to 9.8 μg /100 g) and 
K (from 2.1 to 3.7 μg /100 g) in cockroaches, and also 
increased for snails for A (from 26.3 to 34.3 μg /100 g) 
and D3 (from 1.92 to 2.64 μg /100 g), but decreased for 
E (from 6.08 to 4.10 mg /100 g) and K (from 0.090 to 
0.078 μg/100 g) (Fig. 3). 

In fact, even minimal enrichment of the feeding 
substrate with precursors has resulted in notable changes 
to the nutrient content in the biomass of invertebrates, 
as in the case of the following minerals. Of those which 
have been implemented into feed substrate via minimal 
dose of premix for chickens, the content of elements has 
increased or decreased, sometimes signifi cantly. In snails, 
selenium has increased x 3, iodine, lead, mercury and 
chlorine x 1.5, and calcium, potassium and sodium x 1.1. 
In cockroaches, chlorine has increased x 1.9, selenium x 
1.8, iron x 1.3, calcium x 1.2, manganese x 1.2, and mag-
nesium, sodium, potassium, zinc and molybdenum x 1.1. 
In snails, there were signifi cant decreases in manganese 
(3-fold) and phosphorus (2-fold), but insignifi cant reduc-
tions in zinc and magnesium. In cockroaches, the level of 
lead decreased 6-fold, and for iodine 2-fold. 

The minimal addition of precursors has resulted 
in signifi cant increases of selenium and chlorine, and 
infl uenced the accumulation of sodium, potassium and 
calcium in the biomass. Interestingly the levels of lead 
and mercury in snails increased considerably, but de-
creased in cockroaches. 

The vitamin content in the biomass also changed in 
comparison with the control group. Thus, there were 
signifi cant increases in B2 (x 1.9), B1 (x 1.7) and B9 (x 
1.3), but a decrease in B6 (1.4-fold), and insignifi cant 
decreases for B3 and B4 in snails. In cockroaches there 
were increased levels of B1 (x 1.3) and B2 (x 1.1), minor 
increases in B4 and B9, and stable levels of B3 and B6.

The content of the fat-soluble vitamins also varied 
in experimental samples and diff ered from the control; 
in cockroaches, for example, there were increases for 
D3 (x 2.7), K (x 1.8), A (1.1) and E (1.1). In snails there 
were increases for A (x 1.3) and D3 (x 1.4) and decreases 
for E (1.4-fold) and K (1.1-fold).

After minimal replenishment of feeding the substrate 
with the precursors the content of almost all nutrients 
changed, with increasing of some vitamins and minerals 
in the biomass of snails and cockroaches. The decrease 
in the level of some nutrients can probably be explained 
by synergetic eff ect of the precursors including any 
antagonist eff ects. Interestingly, the additional input of 
vitamins C and B7, which normally generates proteins 
in the organism, did not aff ect the increase in protein in 
the biomass of model species.

Pඋൾർඎඋඌඈඋ ൽඈඎൻඅൾ ൽඈඌൾ ൺඉඉඅංർൺඍංඈඇ

Application of a double dose of precursors showed 
signifi cant nutrient changes in the biomass of model 
species. A double dose of vitamins C and B7 applied 
to the feeding substrate increased the protein content in 
cockroaches from 8.6 % in the control group to 18.8 % 
in experimental group, whereas in snails it slightly 

decreased from 20.4 to 19.5 %. The protein content 
decreased after a minimal dose of precursors by 18.8 % 
in snails and 8.0 % in cockroaches.

For a clearer comparison all indices are given over 
the dashes, for example: (8.6 % (control) — 8.0 % 
(minimal dose of precursors) — 18.8 % (double dose 
of precursors). 

After the application of a double dose of the precur-
sor the following indices of mineral and vitamin content 
have been registered (Figs 1–3). Content of the minerals I 
(0.004 mg/100 g — 0.015 mg/100 g — 0.017 mg/100 g), Ca 
(250.9 mg/100 g — 278.2 mg/100 g — 338.4 mg/100 g), 
Na (42.8 mg/100 g — 51.5 mg/100 g — 63.3 mg/100 g), 
Cl (6.28 mg/100 g — 8.6 mg/100 g — 12.0 mg/100 g), 
Fe (3.9 mg/100 g — 3.3 mg/100 g — 4.2 mg/100 g), Cu 
(0.13 mg/100 g — 0.09 mg/100 g — 0.17 mg/100 g), 
Zn (0.74 mg/100 g — 0.66 mg/100 g — 0.78 mg/100 g), 
P (255 mg/100 g — 128 mg/100 g — 270 mg/100 g), Se 
(4.9 μg/100 g — 9.8 μg/100 g — 7.2 μg/100 g), Mn 
(0.18 mg/100 g — 0.05 mg/100 g — 0.19 mg/100 g) 
and K (352.4 mg/100 g — 387.4 mg/100 g — 
377.2 mg/100 g) increased in snails, and Fe 
(1.8 mg/100 g — 2.4 mg/100 g — 3.5 mg/100 g), Mg 
(45.3 mg/100 g — 52.3 mg/100 g — 255.5 mg/100 g), Ca 
(127.3 mg/100 g — 158.9 mg/100 g — 162.0 mg/100 g), 
K (60.8 mg/100 g — 67.2 mg/100 g — 66.2 mg/100 g), 
Cl (3.4 mg/100 g — 6.5 mg/100 g — 8.1 mg/100 g), Pb 
(0.002 mg/100 g — 0.001 mg/100 g — 0.005 mg/100g), 
I (0.03 mg/100 g — 0.05 mg/100 g — 0.06 mg/100 g), 
Na (60.8 mg/100 g — 67.2 mg/100 g — 66.2 mg/100 g), 
P (192.9 mg/100 g — 216 mg/100 g — 251 mg/100 g), 
Zn (3.8 mg/100 g — 4.2 mg/100 g — 4.56 mg/100 g) 
increased in cockroaches. Content of mine-rals, 
Hg (0.00006 mg/100 g — 0.00009 mg/100 g — 
0.00005 mg/100 g), Mo (0.007 mg/100 g — 
0.007 mg/100 g — 0.006 mg/100 g) has decreased in 
snails, and Mo (0.027 mg/100 g — 0.0031 mg/100 g — 
0.008 mg/100 g), Mn (0.5 mg/100 g — 0.6 mg/100 g — 
0.4 mg/100 g), Cu (6.28 mg/100 g — 0.5 mg/100 g — 
0.26 mg/100 g) Hg (0.00013 mg/100 g — 
0.0001 mg/100 g — 0.00006 mg/100 g) decreased 
in cockroaches. Similar meaning of indices of Pb 
(0.0008 mg/100 g — 0.0013 mg/100 g — 0.0008 mg/100 g) 
and Mg (218.9 mg/100 g — 216.5 mg/100 g — 
218 mg/100 g) are registered in snails, and Se 
(3.88 μg /100 g — 7.2 μg /100 g — 3.8 μg /100 g) is in 
cockroaches (Fig. 1).

The contents of B-group vitamins, B1 (from 
0.094 mg/100 g to 0.158 mg/100 g — 0.124 mg/100 g), 
B2 (from 0.071 mg/100 g to 0.132 mg/100 g — 0.153 mg/100 g), 
B3 (from 1.06 mg/100 g to 1.145 mg/100 g  — 1.88 mg/100 g),
B6 (from 0.155 mg/100 g to 0.107 mg/100 g — 
0.166 mg/100 g),and B9 (from 4.40 mg/100 g to 5.78 mg/100 g — 
5.81 mg/100 g) has increased in snails, and B1 (from
0.72 mg/100 g to 0.95 mg/100 g — 0.99 mg/100 g), B2 
(from 1.69 mg/100 g to 1.56 mg/100 g — 1.82 mg/100 g),
B3 (from 8.7 mg/100 g to 8.6 mg/100 g — 9.94 mg/100 g) 
B6 (from 0.96 mg/100 g to 0.93 mg/100 g — 1.32 mg/100 g)
and B9 (from 0.26 μg /100 g to 0.30 μg /100 g — 
0.31 μg /100 g)  in cockroaches (Fig. 2).
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In cockroaches, the contents of the fat-soluble 
vitamins K (from 2.1 μg /100 g to 3.7 μg /100 g — 
29 μg /100 g), A (from 22.8 μg /100 g to 25.3 μg /100 g —
25.94 μg /100 g) and E (from 3.38 mg /100 g to 3.6 mg /100 g —
3.98 mg /100 g) has increased, and D3 (from 3.6 μg /100 g 
to 9.8 μg /100 g — 2.52) μg /100 g  has decreased. In 
snails, content of fat-soluble vitamins A (from 26.3 μg 
/100 g to 34.3 μg /100 g — 38.52 μg /100 g) and D3 
(from 1.92 μg /100 g to 2.64 μg /100 g — 2.39 μg /100 
g) have increased, but E (from 6.08 mg /100 g to 4.10 mg 
/100 g — 5.71 mg /100 g) and K (from 0.090 μg/100 g to 
0.078 μg/100 g — 0.067 μg/100 g) — decreased (Fig. 3).

A double dose of precursors applied to the feed 
substrate presents a more distinctive picture of the 
mineral content changes in the biomass of model spe-
cies. As a result there were increases in snails of iodine 
x 4.3, chlorine x  1.9 times, sodium x 1.5, selenium x 
1.5, calcium x 1.4, copper x 1.3, iron x 1.1, phosphorus 
x 1.08 and zinc x 1.05; and in cockroaches there were 
increases of manganese x 5.6, chlorine x 2.5, lead x 2.5, 
iodine x 2, iron x 2, phosphorus x 1.3, calcium x 1.3, 
zinc x 1.2, sodium x 1.1 and potassium x 1.1. Decreases 
were only determined in snails for mercury (0.8-fold) 
and molybdenum (0.8-fold) and in cockroaches for 
molybdenum (0.3-fold) times and copper (0.4-fold. For 
B-group vitamins, these increased for B2 (x 2.1), B3 (x 
1.8) and B9 (x 1.3) in snails, and for B1 (x 1.4), B6 (x 
1.4), B9 (x1.2), B6 (x 1.1), B2 (x1.1) and B3 (x 1.1) in 
cockroaches. The only decrease was for B1 (1.3-fold) 
in snails. Increases in fat-soluble vitamins in snails were 
A (x 1.5) and D3 (x 1.2) and in cockroaches were K (x 
13.8), A (x 1.13) and E (x 1.2); however, the decreases 
were found for E (0.9-fold) and K (0.7-fold) in snails 
and for D3 (0.8-fold) in cockroaches.

In comparison with the minimal dose of precursors, 
the double dose did not result in a proportionate increase 
of nutrients in the biomass. Only protein in cockroaches 
increased (x 2.1) in comparison with the control group, 
and x 2.3 in comparison with minimal dose of precur-
sors. In snails, the level of protein slightly decreased 
(0.9-fold) after the double dose in comparison with 
control group but increased (x 1.03) in comparison with 
the minimal dose.

The content of some nutrients, such as iodine in 
snails, after a double dose of the precursor poorly in-
creased in comparison with minimal dose results. Levels 
of such nutrients as iron, manganese, copper, zinc and 
phosphorus in snails increased in comparison with the 
control group, although after a minimal dose of precur-
sors their content decreased. Level of some nutrients was 
higher after minimal dose of precursors, for example, in 
snails selenium has increased twice after minimal dose 
of precursors, and only 1.5 times after double dose, 
vitamin K in 1.09 and 1.07 times, and in cockroaches 
potassium increased in 1.7 times after minimal dose and 
1.1 times after double dose. Level of molybdenum, lead, 
magnesium and vitamins В1, В2, В9, D3 in snails, and 
В3, В6, А and Е in cockroaches remained stable and 
not changed after application of any dose of precursors.

Only a small number of nutrients decreased in the 
biomass of invertebrates after minimal and double dose 

of precursor applications, as for example in the case of 
vitamins E and K, and protein in snails. This reaction 
can be explained by the presence of antagonist matter 
which impeded the accumulation of nutrients. 

A further study on the application of the double dose 
precursors to feeding substrate showed sustainable trend 
to changes in the nutrient content of the invertebrate’s 
biomass; several nutrients increased after the applica-
tion of precursors, which stimulated further research 
into the qualitative and quantitative accumulation of 
particular nutrients in the biomass of invertebrates, such 
as Lissachatina fulica and Nauphoeta cinerea as shown 
in Figs. 1–3.

Discussion
The present work is a pilot study regarding the pos-

sible regulation of nutrient content for the generation of 
methods to increase the nutritive value of invertebrate 
biomass. Currently, this can only provide us with the an-
swers to a small range of questions which are important 
for the industrial development of proteins in terrestrial 
invertebrates.  

One of the main questions is how limited is the 
spectrum of invertebrate species which could be used for 
farming and production of a suitable biomass? Raising 
species which originated from southern territories in 
regions with temperate climate is quite expensive due to 
additional charges necessary to supply warm conditions 
of raising the stock. However, with the correct nutrient 
composition in the biomass it is possible to raise without 
extra expenses local species of terrestrial invertebrates 
that are well adapted to the cold climate of the Temper-
ate Zone. Native individuals are therefore involved in a 
cycle which provides reproduction of individuals, and a  
further withdrawal of specimens from nature is not nec-
essary and there is no negative impact on biodiversity.

The second important problem is the selection of ter-
restrial invertebrate species eligible for processing which 
are suitable for industrial farming. Thus, for example, 
as authorized by the European Commission (EC), spe-
cies for sale, farming and novel food consumption, such 
as the migratory locust Locusta migratoria and house 
cricket Acheta domesticus have been chosen. These are 
hemimetaboly insects with instar stages which look very 
similar to adults and possess a strong cuticular integu-
ment composed from chitin that impedes full protein 
extraction. The method of directional correction of nutri-
ent composition can help enrich biomass of industrially 
farmed species with less chitin components in body 
covers, such as larvae of holometabolic insect species.

The third essential question is related to possible 
need for nutrient composition design in the invertebrate 
biomass. As a rule, literature information on nutrient 
composition in particular invertebrate species is stan-
dardized and considered as reference data for further 
calculation. In fact, values of indices of nutrient com-
position vary according to feed quality, conditions for 
farming and level of precursor application. When an 
eff ective mechanism for a predesigned nutrients accu-
mulation in biomass of invertebrates via enrichment of 
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feed substrate is developed, new kinds of invertebrates, 
able to act positively to the assimilation of precursors in 
order to enrich their biomass with much needed animal 
protein and other necessary nutrients will be selected. 
In this case, it is essential that positive results are gained 
without genetic modifi cation of species raised under 
industrial scales. 

Another question refers to the diff erences in nutrient 
composition of the same species of invertebrates taken 
from diff erent regions and occur in habitats functioning 
under diff erent environmental conditions. Unfortunately, 
the data gained from specimens taken from nature or 
raised on non-standardized substrates strongly dif-
fers from that given for the same species reared over 
a long time under stable environmental conditions of 
laboratories or farms and fed with standard substrates. 
As a rule, biomass of «wild» specimens is depleted by 
some nutrients which seriously diverge from referenced 
data and raises doubt as to the methods employed in 
biochemical research. 

The data presented in our work showed signifi cant 
variation for nutrient parameters in the biomass of model 
species after enrichment of feed substrate composition. 
The results of our experiments demonstrate the necessity 
of nutrient composition studies clearly associated with 
reference to conditions of species raising. Diff erences in 
nutrient composition or content in biomass of the same 
species of invertebrates raised under diff erent conditions 
are normal, but not a mistaken result of a study.

Conclusions
The pilot study of the nutrient composition changes 

provides signifi cant facts which defi ne the characteristics 
of raising terrestrial invertebrates, namely:

— Not only traditionally raised southern species, but 
local species adapted to temperate climatic conditions 
may be used to gain a highly productive biomass;

— Withdrawal of part of a population of an inverte-
brate species from a natural habitat in order to establish 
a farm for raising specimens should not decrease the 
local biodiversity and in order to implement in a full 
the life-cycle for the invertebrates to be reared, it should 
not be necessary to take additional specimens from the 
natural population;

— Changes of nutrient composition in invertebrate 
biomass after enriching the feeding substrate with pre-
cursors produces a highly productive biomass without 
genetic modifi cation of the cultured invertebrates;

— The possibility of directional changes of nutrient 
composition in the biomass of terrestrial invertebrates 
opens ample opportunities to produce enriched animal 
protein biomass for the creation of suitable food products.

Acknowledgements
We are grateful to Prof. Mark Seaward (Bradford Univer-

sity, U.K.) for linguistic revision of the text and to Mrs Nina 
M. Mordvinova (OOO Sibtest), Tomsk) for accurate chemical 
laboratory testing of nutrient contents.

The study is fi nancially supported by the Russian Sci-
ence Foundation, project № 23-26-00075 (https://rscf.ru/
project/23-26-00075/).

References
Assielou B., Due E.A., Koff  M.D., Dabonne S., Kouame P.L. 2015. 

Oryctes owariensis Larvae as Good Alternative Protein Source: 
Nutritional and Functional Properties // Annual Research, Review 
in Biology. Vol.8. No.3. P.1–9.

Ayensu J., Annan R.A., Edusei A., Lutterodt H. 2019. Beyond nutrients, 
health eff ects of entomophagy: a systematic review // Nutrition 
and Food Science. Vol.49. No.1. P.2–17.  https://doi.org/10.1108/
nfs-02-2018-0046.

Belluco S., Losasso C., Maggioletti M., Alonzi C.C., Paoletti M.G., 
Ricci A. 2013. Edible insects in a food safety and nutritional 
perspective: A critical review // Comprehensive Reviews in Food 
Science and Food Safety. Vol.129. No.3. P.296–313. https://doi.
org/10.1111/1541-4337.12014.

Benjamini Y., Hochberg Y. 1995. Controlling the False Discovery Rate: 
A Practical and Powerful Approach to Multiple Testing // Journal of 
the Royal Statistical Society. Series B. Vol.57. P.289–300. https://
doi.org/10.1111/j.2517-6161.1995.tb02031.x.

DeFoliart G.R. 1999. Insects as food: Why the western attitude is im-
portant // Annual Review of Entomology. Vol.44. No.1. P.21–50. 
https://doi.org/10.1146/annurev.ento.44.1.21.

Dinno A. 2017. Dunn.test: Dunn's Test of Multiple Comparisons Using 
Rank Sums. R package version 1.3.5. https://CRAN.R-project.
org/package=dunn.test.

Drewnowski A., Fulgoni III V.L.2014. Nutrient density: principles and 
evaluation tools //The American journal of clinical nutrition. Vol. 
99. No.5. P.1223S-1228S.

Dunn O.J. 1964. Multiple comparisons using rank sums // Technomet-
rics. Vol.6. P.241–252. https://doi.org/10.2307/1266041.

EFSA. 2015. Risk profi le related to production and consumption of 
insects as food and feed // EFSA Journal. Vol.13. No.10. P.4257. 
https://doi.org/10.2903/j.efsa.2015.4257.

EFSA. 2022. Safety of frozen and freeze and dried formulations of the 
lesser mealworm (Alphitobius diaperinus larva) as a Novel food 
pursuant to Regulation (EU) 2015/2283 4 Juy 2022 // EFSA Journal. 
Vol.20. No.7. P.7325. https://doi.org/10.2903/j.efsa.2022.7325.

Elhassan M., Wendin K., Olsson V., Langton M. 2019. Quality Aspects 
of Insects as Food — Nutritional, Sensory, and Related Concepts 
// Foods. Vol.8. No.3. Article 95. P.1–14. https://doi.org/10.3390/
foods8030095.

EU Commission. 2023. Commission Implementing Regulation (EU) 
2023/58 of 5 January 2023 authorising the placing on the market 
of the frozen, paste, dried and powder forms of Alphitobius 
diaperinus larvae (lesser mealworm) as a novel food and amending 
Implementing Regulation (EU) 2017/2470 6 January 2023. 
Available online: http://data.europa.eu/eli/reg_impl/2023/58/oj 
(accessed on 20.01.2023).

Gere A., Zemel R., Radvanyi D., Moskowitz H. 2017. Insect Based 
Foods a Nutritional Point of View // Nutrition and Food Science 
International Journal. Vol.4. No.3. Article 555638. P.001–005. 
https://doi.org/10.19080/nfsij.2017.04.555638.

Gorbunova N.A., Zakharov A.N. 2021. Edible insects as a source 
of alternative protein. A review // Theory and practice of meat 
processing. Vol.6. No.1. P.23–32. https://doi.org/10.21323/2414-
438X-2021-6-1-23-32.

Gravel A., Doyen A. 2020. The use of edible insect proteins in food: 
Challenges and issues related to their functional properties // In-
novative Food Science and Emerging Technologies. Vol.59. Article 
102272. https://doi.org/10.1016/j.ifset.2019.102272.

Han R., Shin J.T., Kim J., Choi Y.S., Kim Y.W. 2017. An overview of 
the South Korean edible insect food industry: Challenges and future 
pricing/promotion strategies // Entomolоgical Research. Vol.47. 
No.3. P.141–151. https://doi.org/10.1111/1748–5967.12230.

Hanboonsong Yu., Jamjanya T., Durst P.B. 2013. Six-legged livestock: 
edible insect farming, collection and marketing in Thailand Bang-
kok. Food and agriculture organization of the United Nations 
regional offi  ce for Asia and the Pacifi c. Bangkok 58 p. https://
www.fao.org/3/i3246e/i3246e00.htm.



S.E. Tshernyshev et al.

Hlongwane Z.T., Slotow R., Munyai T.C. 2020. Nutritional composition 
of edible insects consumed in Africa: A systematic review // 
Nutrients. Vol.12. No.9. Art.2786. P.1–28. https://www.mdpi.
com/2072-6643/12/9/2786.

Ho J., Tumkaya T., Aryal S., Choi H., Claridge-Chang A. 2019. Mov-
ing beyond P values: data analysis with estimation graphics // 
Nature Methods. Vol.16. No.7. P.565–566. https://doi.org/10.1038/
s41592-019-0470-3.

Jansson A., Berggren A. 2015. Insects as Food — Something for the 
Future? A report from Future Agriculture. Uppsala: Swedish 
University of Agricultural Sciences (SLU). 36 p.

Kim T.-K., Yong H.I., Kim Y.-B., Kim H.-W., Choi Y.-S. 2019. Ed-
ible Insects as a Protein Source: A Review of Public Perception, 
Processing Technology, and Research Trends // Food Science 
of Animal Resources. Vol.39. No.4. P.521–540. https://doi.
org/10.5851/kosfa.2019.e53.

Kouřimská I., Adámková A. 2016. Nutritional and sensory quality of 
edible insects // Nutrition, Food Science Journal. Vol.4. P.22–26. 
https://doi.org/10.1016/j.nfs.2016.07.001.

Kruskal W.H., Wallis A. 1952. Use of ranks in one-criterion variance 
analysis // Journal of the American Statistical Association. Vol.47. 
No. 260. P.583–621. https://doi.org/10.2307/2280779.

 Lahteenmaki-Uutela A., Grmelova N. 2016. European law on insects in 
food and feed // European Food Feed Law Review. Vol.11. P.2–8. 
https://www.jstor.org/stable/43958606.

Melgar-Lalanne G., Hernandez-Alvarez A.-J., Salinas-Castro A. 2019. 
Edible insects processing: Traditional and innovative technologies // 
Comprehensive Reviews in Food Science and Food Safety. Vol.18. 
No.4. P.1166–1191. https://doi.org/10.1111/1541-4337.12463.

Melis R., Braca A., Sanna R., Spada S., Mulas G., Fadda M.L., Sassu 
M.M., Serra G., Anedda R. 2019. Metabolic response of yellow meal-
worm larvae to two alternative rearing substrates // Metabolomics. 
Vol.15. Article 113. https://doi.org/10.1007/s11306-019-1578-2.

Mielgo-Ayuso J., Aparicio-Ugarriza R., Olza J., Aranceta-Bartrina J., 
Gil Á., Ortega R.M., Serra-Majem L., Varela-Moreiras G., González-
Gross M. 2018. Dietary Intake and Food Sources of Niacin, Ribo-
fl avin, Thiamin and Vitamin B6 in a Representative Sample of the 
Spanish Population. The ANIBES Study // Nutrients. Vol.10. No.7. 
Article 846. P.1–16. https://doi.org/10.3390/nu10070846.

Mlcek J., Rop O., Borkovcova M., Bednarova M. 2014. A comprehensive 
look at the possibilities of edible insects as food in Europe — a 
review // Polish Journal of Food and Nutrition Sciences. Vol.64. 
No.3. P.147–157. https://doi.org/10.2478/v10222-012-0099-8.

Morozova M.D., Tshernyshev S.E., Baghirov R.T-O., Babkina I.B., 
Modyaeva V.P., Skriptcova K.E., Subbotina E.Yu., Shcherbakov M.V., 
Simakova A.V. 2023. Principles of terrestrial invertebrates biomass 
nutrient composition design // X mezhdunarodnaya konferenciya 
molodyh uchenyh: virusologov, biotehnologov, biofizikov, 
molekulyarnyh biologov i bioinformatikov. Sbornik tezisov. 
Novosibirsk: IPC NGU. P.191–192. [In Russian]. https://doi.
org/10.25205/978-5-4437-1526-1-105.

Murefu T.R., Macheka L., Musundire R., Manditsera F.A. 2019. 
Safety of wild harvested and reared edible insects: A review // 
Food Control. Vol.101. P.209–224. https://doi.org/10.1016/j.
foodcont.2019.03.003.

Mwangi M.N., Oonincx D.G.A.B., Stouten T., Veenenbos M., 
Melse-Boonstra A., Dicke M, van Loon J.J.A. 2018. Insects as 
sources of iron and zinc in human nutrition // Nutrition Research 
Reviews. Vol.31. No.2. P.248–255. https://doi.org/10.1017/
S0954422418000094.

Nowak V., Persijn D., Rittenschober D., Charrondiere U.R. 2016. Re-
view of food composition data for edible insects // Food Chemistry. 
Vol.193. P.39–46. https://doi.org/10.1016/j.foodchem.2014.10.114.

Oonincx D.G.A.B., van der Poel A.F.B. 2011. Eff ects of diet on the 
chemical composition of migratory locusts (Locusta migratoria) 
// ZooBiology. Vol.30. No.1. P.9–16. https://doi.org/10.1002/
zoo.20308.

Patel S., Suleria H.A.R., Rauf A. 2019. Edible insects as innova-
tive foods: Nutritional and functional assessments // Trends in 
Food Science and Technology. Vol.86. P.352–359. https://doi.
org/10.1016/j.tifs.2019.02.033.

Premalatha M., Abbasi T., Abbasi T., Abbasi S.A. 2011. Energy-effi  cient 
food production to reduce global warming and ecodegradation: The 

use of edible insects // Renewable and Sustainable Energy Reviews. 
Vol.15. P.4357–4360. https://doi.org/10.1016/j.rser.2011.07.115.

Payne C.L.R., Scarborough P., Rayner M., Nonaka K. 2016. A systematic 
review of nutrient composition data available for twelve com-
mercially available edible insects, and comparison with reference 
values // Trends in Food Science & Technology. Vol.46. P.69–77. 
https://doi.org/10.1016/j.tifs.2015.10.012.

R Core Team 2020. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria https://www.R-project.org/.

Regulation (EC). 2004. No 852/2004 of the European Parliament and 
of the Council of 29 April 2004 on the hygiene of foodstuff s. 
Available online: http://data.europa.eu/eli/reg/2004/852/oj 
(accessed on 23.12.2022).

Ramos-Elorduy J., Pino J.M., Prado E.E., Perez M.A., Lagunez Otero 
J., Ladron de Guevara O. 1997. Nutritive Value of Edible Insects 
from the State of Oaxaca, Mexico // Journal of Food Composition 
and Analysis. Vol.10. P.142–157.

Rumpold B.A., Schluter O.K. 2013. Nutritional composition and safety 
aspects of edible insects // Molecular Nutrition and Food Research. 
Vol.57. No.5. P.802–823. https://doi.org/10.1002/mnfr.201200735.

Skriptcova K.E., Tshernyshev S.E., Baghirov R.T-O., Babkina I.B., 
Modyaeva V.P., Morozova M.D., Subbotina E.Yu., Shcherbakov M.V., 
Simakova A.V. 2023. New method of protein food and feed products 
generation on the basis of terrestrial invertebrates raised in farm // 
X mezhdunarodnaya konferenciya molodyh uchenyh: virusologov, 
biotehnologov, biofi zikov, molekulyarnyh biologov i bioinformatikov. 
Sbornik tezisov. Novosibirsk: IPC NGU. P.227–228. [In Russian]. 
https://doi.org/10.25205/978-5-4437-1526-1-124.

Tang C., Yang D., Liao H., Sun H., Liu C., Wei L., Li F. 2019. Edible 
insects as a food source: a review // Food Production, Processing and 
Nutrition. Vol.1. No.1. Article 8. P.1–13. https://doi.org/10.1186/
s43014-019-0008-1.

Tobolkova B. 2019. Edible Insects-the Future of a Healthy Diet? 
// Novel Techniques in Nutrition and Food Science. Vol.4. 
No.2. Article 000584. P.325–328. https://doi.org/10.31031/
ntnf.2019.04.000584.

Tshernyshev S.E., Babkina I.B., Modyaeva V.P., Morozova M.D., 
Subbotina E.Yu., Shcherbakov M.V., Simakova A.V. 2022. In-
vertebrates of Siberia, a potential source of animal protein for 
innovative food production. 1. The keelback slugs (Gastropoda: 
Limacidae) // Acta Biologica Sibirica. Vol.8. P.749–762. https://
doi.org/10.14258/abs.v8.e47.

Tshernyshev S.E., Modyaeva V.P., Morozova M.D., Skrebtsova K.E., 
Subbotina E.Yu., Shcherbakov M.V., Simakova A.V. Invertebrates 
of Siberia, a potential source of animal protein for innovative food 
production. 2. Nutrient composition of two model species in litt.

Tutelyan V.A., Baturin A.K., Gapparov M.G., Kaganov b.s., Kon I.Ya., 
Mazo V.K., Baeva V.S., Bessonov V.V., Vasilev A.V., Volkova L.Yu., 
Vrzhesinskaya O.A., Gmoshinskaya M.V., Zhminchenko V.M., 
Zilova I.S., Keshabyanc E.E., Kodencova V.M., Kravchenko L.V., 
Kulakova S.N., Lashneva N.V., Pogozheva A.V., Safronova A.M., 
Sokolov A.I., Spirichev V.B., Xotimchenko S.A., Shilina N.M., 
Baranov A.A., Borovik T.E., Onishhenko G.G., Suxanov B.P., 
Grigorev A.I., Korovina N.A., Sorvacheva T.N. 2009. Normy 
fi ziologicheskix potrebnostej v energii i pishhevyx veshhestvax 
dlya razlichnyx grupp naseleniya rossijskoj federacii. [The 
norms of physiological requirements in energy and nutrients for 
various of population in Russian Federation]. Metodicheskie 
rekomendacii MR 2.3.1.2432-08. Moskva: Federalnyj centr gigieny 
i epidemiologii rospotrebnadzora RF. 23 p.

Tutelyan V.A., Nikityuk D.B., Aksenov I.V., Baturin A.K., Bessonov V.V., Vo-

robyova V.M., Vorobyova I.S., Vrzhesinskaya O.A., Vybornaya K.V., 
Gmoshinskii I.V., Gmoshinskaya M.V., Zhilinskaya N.V., Kambarov 
A.O., Keshabyants E.E., Kobelkova I.V., Kodentsova V.M., Koshech-
kina A.S., Kochetkova A.A., Kravchenko L.V., Kudryavtseva K.V., 
Lashneva N.V., Mazo V.K., Makarenko M.A., Martinchik A.N., 
Pavlovskaya E.V., Perova I.B., Pogozheva A.V., Pyrieva E.A., Ryli-
na E.V., Sidorova Yu.S., Safronova A.I., Safronova A.M., Smirno-
va E.A., Sokolov A.I., Starodubova A.V., Tarmaeva I.Yu., Hotim-
chenko S.A., Sharafetdinov H.H., Shilina N.M., Eller K.I., Popo-
va A.Yu., Brarina I.N., Smolenskii V.Yu., Mishina A.L., Shevkun I.G., 



Invertebrates of Siberia, a potential source of animal protein for innovative human food production. 
3. Principles of biomass nutrient composition design

Поступила в редакцию 3.11.2022

Yanovskaya G.V., Salagai O.O., Skvortsova V.I., Onishchenko G.G., 
Suhanov B.P., Elizarova E.V., Novikova I.I., Romanenko S.L., 
Shevelyova S.A., Efi mochkina N.R., Dyatlov I.A., Kafarskaya L.I., 
Priputnevich T.V. 2021. Normy fi ziologicheskih potrebnostei v en-
ergii i pishchevyh veshchestvah dlya razlichnyh grupp naseleniya 
Rossiiskoi Federacii. [The norms of physiological requirements in 
energy and nutrients for various of population in Russian Federation]. 
Metodicheskie rekomendacii MR 2.3.1.0253-21. Moskva: Federal'nyi 
centr gigieny i epidemiologii Rospotrebnadzora RF. 72 s.

Van Huis A. 2013. Potential of insects as food and feed in assuring 
food security // Annual Review of Entomology. Vol.58. No.1. 
P.563–583. https://doi.org/10.1146/annurev-ento-120811-153704

Van Huis A. 2015. Edible insects contributing to food security? // 
Agriculture & Food Security. Vol.4. No.20. P.1–9. https://doi.
org/10.1186/s40066-015-0041-5.

Van Huis A., Oonincx D.G.A.B. 2017. The environmental sustainability 
of insects as food and feed. A review // Agronomy for Sustainable 

Development. Vol.37. No.43. P.1–14. https://doi.org/10.1007/
s13593-017-0452-8.

Van Peer M., Frooninckx L., Coudron C., Berrens S., Álvarez C., 
Deruytter D., Verheyen G., Van Miert S. 2021. Valorisation Poten-
tial of Using Organic Side Streams as Feed for Tenebrio molitor, 
Acheta domesticus and Locusta migratoria // Insects. Vol.12. 
No.9. Art.796. P.1–32. https://doi.org/10.3390/insects12090796.

Van Raamsdonk L.W.D., Van der Fels-Klerx H.J., De Jong J. 2017. 
New feed ingredients: the insect opportunity // Food Additives & 
Contaminants: Part A. Vol.34. No.8. P.1384–1397. https://doi.org
/10.1080/19440049.2017.1306883.

Zielińska E., Baraniak B., Karaś M., Rybczyńska K., Jakubczyk A. 
2015. Selected species of edible insects as a source of nutrient 
composition // Food Research International. Vol.77. P.460–466. 
https://doi.org/10.1016/j.foodres.2015.09.008.

International. Vol.77. P.460–466. https://doi.org/10.1016/j.
foodres.2015.09.008.


