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Abstract: The possibility of nutrient composition design in biomass of invertebrates is studied. The results may
be used for gaining the particular nutrient concentration in biomass used for food products or medicine
purposes. Methods: Two model species of terrestrial invertebrates, such as the House cricket Acheta domesticus
(Linnaeus, 1758) and the earthworm Eisenia fetida (Savigny, 1826), within the variation of feeding substrate, are
studied in this paper. Results: It is stated that in crickets and earthworms similar tendencies of B-vitamin
content increase occur for those vitamins where their initial level was high. A double dose of the vitamin
enrichment of food substrate leads to increasing of vitamin C, fat-soluble vitamins and the major part of B-
vitamins content. In a control group of crickets a level of vitamin C was 1.5 times lower than in a control group
of earthworms. After the enrichment of feeding substrate, the level of vitamin C in biomass of crickets has not
changed, but within the earthworms it has significantly increased. The content of a multiple range of minerals
have not changed after a singular dose enrichment, but some microelements, such as Pb and Se, have
significantly decreased in earthworms after a double dose enrichment of feeding substrate. The calorific value
of crickets is twice higher than the earthworms one and it has not significantly changed after a double dose
substrate enrichment. Conclusions: It is revealed that the content of vitamins in the biomass of model species
can be controlled within the feeding substrate enrichment.

Keywords: terrestrial invertebrates; biomass; nutrient composition

1. Introduction

A great diversity of invertebrates has assimilated different ecological niches in almost
completely all types of ecosystems has determined rich spectrum of forms and adaptations allowing
them to survive and to realize their life-cycles in different environment and habitats. The study of an
adaptive potential of invertebrates enables scientists to realize analogue mechanisms in engineering,
medical, architectural, agricultural, textile, food industry and many other developed branches of the
practical economics [1-5].

One of the actual direction of the contemporary agriculture development is an involvement of
terrestrial invertebrates to gain the animal protein product with a nutrient-dense composition (i.e.
supplied with relatively more nutrients than calories) applied for feed and food production [6]. World
growth of food products requirements demands for search of new sources of the animal protein in
addition to the traditional cattle farming production [7-9]. Currently, interest in protein production
from terrestrial invertebrates is increasing [10-18]. The major attention is paid to so-called deep
processing of stuff gained from an agricultural animal, precisely: liver, skin, accessible matter of bone
tissue etc. Within a frame of an innovative approach, a new method of production of snack using skin
of agricultural livestock, birds and fish has been presented [19-25]. A profound study of nutrient
composition of skin of African frogs has revealed the high content of main nutrients, especially
protein. This may be used for the production of animal protein containing food products in the

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202410.1230.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1230.v1

regions with serious deficiency of protein in diet [26]. Nevertheless, the use of “additional” protein
containing food products cannot solve the protein deficiency problem, and the production remains
at the same level of almost completely exhausted potential of agriculture. The burden on ecosystems,
with its connection to the production of feed and necessity to use poultry and livestock excrements
related to III-V hazard classes, as well as to the influence of the processing industry, significantly
limits further increase in total livestock numbers and has negative influence on natural and urban
ecosystems [27-33]. To compensate a lack of animal protein, avoiding the above-mentioned
problems, it is needed to use the biomass of invertebrates as an alternative to traditional resources of
protein [31,34,35], but with reference to the safety of reared edible invertebrates [9,11,31,36,37].

Currently, a trend to raise terrestrial insects, molluscs, arachnids, worms and other invertebrates
is actually being developed worldwide [30,38-40], including Russia [14-17]. Despite the generating
technologies to raise and actively operating farms to produce the biomass of invertebrates mainly to
feed domestic animals, this work is currently at an experimental level and far from being fully
adopted at an industrial level. Nonetheless, five species of insects authorized by the European
Commission (EC) for sale, farming and novel food consumption are already used for the preparation
of flour to enrich bread ingredients with the animal protein, and the EC Regulation no. 853/2004
defines five species of terrestrial gastropods as ‘edible snails’ to be used in restaurant gastronomy
[41-46].

As mentioned before, one of the important ways in the protein production industry
development assumes a high quality biomass gained from terrestrial invertebrates, with its potential
ability of the nutrient composition enhancement, its high bioavailability and bioaccessability of main
nutrients.

It is important to mention that the forage, development and living conditions are significantly
influenced on nutrient composition in biomass of invertebrates. The realisation of feasible methods
of the biomass enrichment allowing to gain maximum nutrient density product is necessary to obtain
high efficiency results under the generation of terrestrial invertebrates raising technology. The
directional enrichment of feeding substrate to gain necessary level of particular nutrients in the
biomass of model species of invertebrates, presented the main theme of the Project aimed to study
nutrient composition design of biomass, is one of such methods.

In course of the study, four invertebrate species belonging to three phylums of Animalia have
been selected, namely: the House cricket Acheta domesticus (Linnaeus, 1758), the Speckled cockroach
Nauphoeta cinerea (Olivier, 1789) (Arthropoda: Insecta), the Giant African land snail Lissachatina fulica
(Férussac, 1821) (Mollusca: Gastropoda) and the earthworm Eisenia fetida (Savigny, 1826) (Annelida:
Lumbricidae). Standard living conditions have been provided and a standardized food substrate has
been prepared for all model species. During the experiment the substrate was enriched with the
substances defining accumulation of particular nutrients in biomass of model species (so-called
precursors), the result was considered as potential of accumulation of necessary nutrients as
demanded.

In the previous work of nutrient composition in biomass of two invertebrate species, the
Speckled cockroach Nauphoeta cinerea (Olivier, 1789) and the Giant African land snail Lissachatina
fulica (Férussac, 1821), have been studied and analysed. Biomass content variation of other two
species, the House cricket Acheta domesticus (Linnaeus, 1758) and the earthworm Eisenia fetida
(Savigny, 1826) are studied in the present paper.

2. Materials and Methods
Experimental Design

Two invertebrate species, the House cricket Acheta domesticus (Linnaeus, 1758) and the
earthworm Eisenia fetida (Savigny, 1826), were chosen as model species.

The experiment was held in five groups for each model species. The first group was the control
one; the individuals were being fed with a substrate with a lack of enrichment. The second group was
developed on a substrate enriched with vitamins C and B7, the third — with a complex mineral


https://doi.org/10.20944/preprints202410.1230.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 October 2024 d0i:10.20944/preprints202410.1230.v1

addition for plant (chelate), the fourth — with vitamins B1 (thiamin), B3 (niacin) and B9 (folate), and
the fifth one was developed on the basis of fat-soluble vitamins A, D, E, K.

The cultures were raised under laboratory conditions with a temperature of c. +25°C and
humidity of c. 60% in cricket and c. 80% in earthworms. 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
flakes (10 g), dried milk (1 g) and dried gammarus (1 g), and for earthworms it contained loose tea
leaves (5 g). Also, containers with crickets were provided with Petri dishes with water.

The replacement of substrate and addition of precursors were undertaken three times a week.
Under a precursor (a substance inserted into the feeding 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 protein, a complex
mineral addition for plant (chelate) to minerals, vitamins B1, B3 and B9 for concordant vitamins of B-
complex, and vitamins A, D, E and K for fat-soluble vitamins.

Enrichment of feeding substrate was generated in two stages. At the first stage precursors were
inserted in minimal doses ranging from 1 to 50 mg per 1 kg of feeding substrate according to the type
of input substance. Such a dosage corresponds approximately with recommendations 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 sufficient 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.

Table 1. Quantity of precursors added to feeding substrate of model species during experiment.

I stage, singular dose of precursor 11 stage, doubled dose of precursor
1 kilo of food food food
Type of per. Xoo per food per. 0 per 1 kilo of per‘ 0 per‘ 0
food . portion of portion of | portion of
precursor portion of food .
substrate, . earthworms, crickets, earthworms,
crickets, mg substrate, mg
mg mg mg mg
C 50 1.2 0.25 100 2.4 0.5
B7 25 0.6 0.125 50 1.2 0.25
minerals(chelate) 5 0.12 0.025 10 0.24 0.05
B1 2 0.048 0.01 4 0.096 0.02
B3 30 0.72 0.15 60 1.44 0.3
B9 1 0.024 0.005 1 0.048 0.01
A 25 0.6 0.125 50 12 0.25
D 2.5 0.06 0.0125 5 0.12 0.025
E 20 0.48 0.1 40 0.96 0.2
K 2 0.048 0.01 4 0.096 0.02

After 30 days, samples of crude frozen biomass (0.4 kg) of each model species were analysed.
The analyses were undertaken in the test centre “OOQ Sibtest” as a small-scale innovative enterprise
of the National Research Tomsk Polytechnic University, Tomsk, Russia in a laboratory accredited
with the license “GOSTAkkreditatsiya”, 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 (riboflavin),
B3 (niacinamide), B9 (folic acid), B12 (cyanocobalamin), A (retinol palmitate), D3 (cholecalciferol), E
(a-tocopherol), K (fillokinone), 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 calorific values of the biomass
for both species were also determined. The protocols of analyses are provided with the reference to
GOSTs which are a summary of Russian State standards.
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Statistical Analysis

R version 4.0.2 [47] was used for statistical analysis of the nutrient parameters. For analysis of
changes of nutrient composition in dependence of feeding substrate Student t-test for independent
samples was applied. Evaluation of significance of differences with control and confidence intervals
are estimated with correction to multiply comparisons according to Bonferroni method of correction,
in case of 5 comparisons a = 0.01 and in case of 8 comparisons a = 0.006. Accordingly, confidence
intervals (CI) on graphs are given with 99% and 99.4% correction for probability.

Results

Nutrient Composition in the Biomass of Model Species

Nutrient composition of the two model species significantly differs. Comparative analysis of B-
vitamins content in control group of crickets and earthworms has demonstrated low indexes of B1,
B2 and B3 and high level of B9 and B12 in crickets, whereas in earthworms high indexes of B1, B2 and
B3 and low B9 and B12 are registered (Figure 1). The content of B6 vitamin is comparable in both
species.

After a single dose substrate enrichment with biotin (B7) and C vitamin, minerals, and fat-
soluble and B complex vitamins the content of B1, B2 and B3 vitamins is not changed. Statistically
significant increase of B6, B9 and B12 vitamins in comparison with the control group is observed. In
result of feeding substrate enrichment with a double dose of B-vitamins the sharp increasing of
content of B6 twice higher and B12 in three times is registered.

Statistically significant increasing of B2, B3, B6 and B12 vitamins and decrease of B9 vitamin is
registered in earthworms after substrate enrichment with a single dose of biotin (B7) and C vitamin,
minerals, and fat-soluble and B complex vitamins, and Bl content is increased only after substrate
enrichment with microelements. The increase of all vitamins excepting B3 and B1, their level is
comparable with the control group, is registered after substrate enrichment with a double dose of B-
vitamins.

General tendencies of nutrient composition change after feeding substrate enrichment in crickets
and earthworms are comparable and characterized by increase of the particular B vitamins which
level was initially high.
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Figure 1. Content of B vitamins in biomass of the House cricket Acheta domesticus (Linnaeus, 1758)
and the earthworm Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes are given
on graphs, with confidence intervals (with correction for multiple comparisons CI 99%).

Designations: Control — control group; B7_C — substrate enriched with a single dose of vitamins
B7 and C; Chelate — substrate enriched with a single dose of mineral complex additive; FSV —
substrate enriched with a single dose of fat-soluble vitamins; B — substrate enriched with a single dose
of B-complex vitamins (B1, B3 and BY); Bx2 — substrate enriched with a double dose of B-complex
vitamins (B1, B3 and B9).

High indexes of A and D3 vitamins in crickets and low in earthworms, and higher content of E
and K vitamins in earthworms in the control are revealed after the comparative analysis of fat-soluble
vitamins content. Among fat-soluble vitamins, there is registered the increase of content of vitamin
A and stable not variable meanings of vitamins D3, E and K after a single dose substrate enrichment
with biotin (B7) and C vitamin, minerals, fat-soluble vitamins and B complex vitamins. Double dose
enrichments have resulted in increasing of all fat-soluble vitamins in comparison with the control
group (Figure 2).

Overall, doubled dose substrate enrichment with fat-soluble vitamins have increased all
vitamins of the group both in the crickets and the earthworms.
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Figure 2. Content of fat-soluble vitamins in biomass of the House cricket Acheta domesticus (Linnaeus,
1758) and the earthworm Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes
are given on graphs, with confidence intervals (with correction for multiple comparisons CI 99%).

Designations: Control — control group; B7_C — substrate enriched with a single dose of vitamins
B7 and C; Chelate — substrate enriched with a single dose of mineral complex additive; FSV —
substrate enriched with a single dose of fat-soluble vitamins; FSVx2 — substrate enriched with
doubled dose of fat-soluble vitamins; B — substrate enriched with a single dose of B-complex vitamins
(B1, B3 and B9).

The content of vitamin C in control groups of model species is 1.5 times lower in crickets. After
substrate enrichment the content of vitamin C in crickets is not changed, whereas it is significantly
increased in earthworms (Figure 3).
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Figure 3. Content of C vitamin in biomass of the House cricket Acheta domesticus (Linnaeus, 1758) and
the earthworm Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes are given on
graphs, with confidence intervals (with correction for multiple comparisons CI 99%).

Designations: Control — control group; B7_C - substrate enriched with a single dose of vitamins
B7 and C; Chelate — substrate enriched with a single dose of mineral complex additive; FSV —
substrate enriched with a single dose of fat-soluble vitamins; FSVx2 — substrate enriched with
doubled dose of fat-soluble vitamins; B — substrate enriched with a single dose of B-complex vitamins
(B1, B3 and BY).

Comparative analysis of macroelements has showed a high content of Cl and P in crickets, but
the level of other elements is similar to the control group in crickets and earthworms.

A single dose addition of biotin (B7) and C vitamin, minerals, and fat-soluble and B complex
vitamins to feeding substrate has not affected on cricket nutrient composition, but it has significantly
decreased the level of Cl in earthworms. Doubled dose enrichments have decreased the level of K
and P both in crickets and earthworms, but they have considerably increased the level of Cl in
earthworms (Figure 4).

On the whole, substrate enrichments have not followed to significant increasing of
macroelements in crickets and earthworms, but doubled dose enrichment may decrease the level of
macroelements in biomass of the model species.
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Figure 4. Content of macroelements in biomass of the House cricket Acheta domesticus (Linnaeus, 1758)
and the earthworm Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes are given
on graphs, with confidence intervals (with correction for multiple comparisons CI 99%).

Designations: Control — control group; B7_C — substrate enriched with a single dose of vitamins
B7 and C; Chelate — substrate enriched with a single dose of mineral complex additive; Chelatex2 —
substrate enriched with doubled dose of mineral complex additive; FSV — substrate enriched with a
single dose of fat-soluble vitamins; B — substrate enriched with a single dose of B-complex vitamins
(B1, B3 and BY).

Comparative analysis of the microelements content in the control group seriously differs among
crickets and earthworms. Thus, in crickets level of Cu, I, Mn, Mo and Zn is higher, while in
earthworms Fe, Hg, Pb, Se (Figure 5).

After a single dose substrate enrichment, the content of Cu, Fe, I, Mn, Pb and Se considerably
has not changed. As a result of substrate enrichments with B vitamins, fat-soluble vitamins and
minerals the level of Hg has significantly increased, and the Mo content has decreased. Doubled dose
mineral enrichment has brought to a significantly decreased number of microelements excepting Fe
and Se registered comparably with the control.

In earthworms, a single dose of substrate enrichments has significantly decreased the level of Pb
and Se but indexes of other elements remained comparable with control. Doubled dose enrichment
has decreased the content of Hg, I, Pb, Se, and other elements are kept comparable with control.
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Thus, the mineral enrichment has had no impact on the microelement composition in crickets,
whereas in earthworms the content of Pb and Se has considerably decreased. Doubled dose
enrichment has demonstrated a tendency to decreasing of the mineral content in the biomass of
model species.
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Figure 5. Microelements content in the House cricket Acheta domesticus (Linnaeus, 1758) and the
earthworm Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes are given on
graphs, with confidence intervals (with correction for multiple comparisons CI 99%).

Designations: Control — control group; B7_C - substrate enriched with a single dose of vitamins
B7 and C; Chelate — substrate enriched with a single dose of mineral complex additive; Chelatex2 —
substrate enriched with doubled dose of mineral complex additive; FSV — substrate enriched with a
single dose of fat-soluble vitamins; B — substrate enriched with a single dose of B-complex vitamins
(B1, B3 and B9).

In the control groups of crickets and earthworms the content of protein is similar, the content of
water is twice higher in earthworms and the other parameters, namely: ashes, fats, carbohydrates,
cellulose, chitin, are significantly higher in crickets (Figure 6). Differences among the content of ash,
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protein, carbohydrates, cellulose and water are not registered after a single and a double dose
enrichment of feeding substrate of model species of in vertebrates.
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Figure 6. General complex analysis of biomass of the House cricket Acheta domesticus (Linnaeus, 1758)
and the earthworm Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes are given
on graphs, with confidence intervals (with correction for multiple comparisons CI 99.4%).
Designations: Control — control group; B7_C — substrate enriched with a single dose of vitamins B7
and C, B7x2_C - substrate enriched with doubled dose of vitamins B7 and C; Chelate — substrate
enriched with a single dose of mineral complex additive; Chelatex2 — substrate enriched with doubled
dose of mineral complex additive; FSV — substrate enriched with a single dose of fat-soluble vitamins;
FSVx2 — substrate enriched with doubled dose of fat-soluble vitamins; B — substrate enriched with a
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single dose of B-complex vitamins (B1, B3 and B9); Bx2 — — substrate enriched with doubled dose of
B-complex vitamins (B1, B3 and B9).

A single dose substrate enrichment has no impact on the fat content, but its doubled dose sharply
increases more than twice the level of fat in crickets. After a single dose input of biotin (B7) and fat-
soluble vitamins, a level of the chitin content is observed as twice increased, but the chitin content
with a double dose is comparable with the control.

The content of fat in earthworms increases only after single and doubled doses of a mineral
input. Within a singular dose application, the content of a number of nutrients in earthworms
decreases, and with a double dose the content increases.

On the whole, in crickets both in the control and in the experiment groups, the content of main
organic nutrients is higher than in earthworms. The content of protein in both model species is
comparable.

The enrichment of the feeding substrate has no significant impact on changing of the main
parameters of a nutrient composition in the biomass of invertebrates. Only a double dose enrichment
has a result in a considerable increase of fat in crickets and the chitin level in earthworms.

The calorific value of crickets is twice higher than in earthworms and the substrate enrichment
has no significant influence on the calorie level in model species (Figure 7).
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Figure 7. Calorific value of the House cricket Acheta domesticus (Linnaeus, 1758) and the earthworm
Eisenia fetida (Savigny, 1826) fed on different substrates. Average indexes are given on graphs.

Designations: Control — control group; B7_C — substrate enriched with a single dose of vitamins
B7 and C; B7x2_C - substrate enriched with doubled dose of vitamins B7 and C; Chelate — substrate
enriched with a single dose of mineral complex additive; Chelatex2 — substrate enriched with doubled
dose of mineral complex additive; FSV — substrate enriched with a single dose of fat-soluble vitamins;
FSVx2 — substrate enriched with doubled dose of fat-soluble vitamins; B — substrate enriched with a
single dose of B-complex vitamins (B1, B3 and B9); Bx2 — substrate enriched with doubled dose of B-
complex vitamins (B1, B3 and B9).

Discussion

Both the crickets and the earthworms are traditionally used as an object of research in a field of
agriculture. Due to the fact, that the house cricket Acheta domesticus Linnaeus, 1758 is authorized by
the European Commission (EC) for sale, farming and novel food consumption [41-43], many articles
about the nutrient composition of crickets are published nowadays. Comparative analysis of the
nutrient composition in the biomass of different cricket species used for food in the world is given in
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[47]. It is stated that only Acheta domesticus accumulates higher level of protein in its biomass (2.41-
71.09 g/100 g dry weight), as well as Gryllus assimilis and Gryllus bimaculatus are able to accumulate
up to 70 g/100 g dry weight, although a typical level of protein in crickets is about 50 g/100 g dry
weight. Acheta testacea is the species similar to the House cricket accumulates the lowest level of
protein, 18 g/100 g dry weight. Thus, nutrient indexes strongly differ in various taxonomically similar
species within one group of Orthoptera. Nevertheless, different species of crickets are considered as
perspective sources of food protein, minerals and vitamins.

The earthworms are also used as food in some regions of South-East Asia [49], but mainly the
nutrient composition of Eisenia sp. biomass has been studied to justify the effectiveness of the usage
of the earthworms application in the production of livestock feeding (broilers, fish, pigs etc.) [50-52].
It is stated, that the feed powder prodused from the earthworm E. fotida includes the protein content
that is six times higher than in the barley flour (66.90% against 11.81%), and when broilers are fed
with the mixture of traditional feed with the worm powder, it improves the taste of meat and
increases the weight gain [51]; among Guinea pigs, energy exchange and feed digestibility improve
in 10% [52]; and for fish and crustaceans it provides the necessary fatty acids [51].

Traditionally, the nutrient composition of invertebrates is considered as a fixed data block,
gained after a particular study of the species biomass. Nevertheless, there might be a difference
within the nutrient composition or within its level, caused by a number of reasons.

For example, significant differences in the nutrient composition of the earthworm Eisenia foetida
have been registered even using various methods of the biomass fixation [50]. An oven-dried biomass
may preserve a lower level of protein and some minerals, but a high level of fat acids, while a freeze-
dried one has shown a higher level of protein and can demonstrate better nutrients detection in the
same biomass. Also, there have been registered interspecific differences of biomass content in allied
groups of invertebrates. The comparison of the nutrient composition in House Cricket Acheta
domesticus and Field Cricket Gryllus bimaculatus has revealed a twice higher level of water, ash and
carbohydrates, but a twice lower content of fats and fibre in House cricket [53]. Obviously, the
differences in nutrient composition are typical for invertebrate species belonging to various
taxonomic ranks or inhabit varied ecological niches. As a result of the experiment, the revealed
variations in the composition and level of the nutrient content in biomass of two model species are
considered to be logical, however, exact nutrient parameters are regarded to be more interesting.

Opposite values of the vitamins B-group content in crickets and earthworms with a low content
of vitamins B1, B2 and B3 in crickets and high in earthworms, and vice versa a high level of B9 and
B12 in crickets and a low level in earthworms may be explained by internal physiological reasons of
these species, because the substrate enrichment has not changed the content of vitamins, with an
initially low level. It is worth to mention, that the doubled dose enrichment increases a level of
vitamins B, this level was high in the control. Remarkably, it is possible to increase a level of B-
vitamins in crickets and earthworms, but each species will be provided with a high level of particular
vitamins, typical to each species.

Fat-soluble vitamins have demonstrated another picture of the content after the substrate
enrichment. Its minimal dose has increased a level of vitamins A and D3, their indexes were initially
high in crickets and low in earthworms. So, even this minimal enrichment of the food substrate may
increase their content in the model species. The doubled dose enrichment has demonstrated a sharp
increase of fat-soluble vitamins in the biomass of crickets and earthworms, presenting good
perspective of invertebrate biomass enrichment by the fat-soluble vitamins.

A level of vitamin C was higher in the control group of earthworms and increased after the
substrate enrichment, i.e. only earthworms are able to accumulate vitamin C in significant quantity.
In crickets, the concentration of vitamin C was in a stable level during all experiments. Presumably,
this evidence may be explained by the fact that the earthworms growth is in progress through their
whole life and they may constantly enlarge in size that needs a high protein content in biomass.
Vitamin C is involved in the protein synthesis process and is vitally required for earthworms. The
crickets at both larvae and imago stages are covered with a cuticular sheath not allowing them to
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increase the biomass immediately without the ecdysis, that is why a level of vitamin C is stable and
sufficient to supply a vital function of an organism, excepting the biomass expansion.

Unlike vitamins, the content of minerals in organisms of the model species remains stable.
Neither singular nor doubled dose of precursors has no results in increasing a minerals level, but a
double dose might even decrease the mineral content in biomass. This fact confirms that the
accumulation of minerals after the feeding substrate change is not typical for invertebrates, their
organisms try to maintain “mineral homeostasis”, that defines a low level of heavy metals and some
elements that might cause a toxic effect. In this case, the biomass of invertebrates may be considered
as more valuable and healthy than in fish, for example, some fish species are able to accumulate heavy
metals and toxins, causing intoxication of an organism as a result [54-57].

Differences in content of main nutrients in crickets and earthworms are noticeable in a high
content of ash, fats, carbohydrates, cellulose and chitin in crickets, and a twice higher level of water
in earthworms, that can be explained by the morphophysiology of these species. Thus, earthworms
do not have hard and massive chitin covers and need more water to supply the elasticity of the body
and realization of biochemical reactions, while crickets are provided with a high level of chitin in an
external skeleton to maintain the homeostasis of an organism under a low water content.

Regarding the aspect of nutrition, it is said that under a similar protein content in the model
species, the earthworm biomass is more nutritious, because its protein is not surrounded with hard
and indigestible chitin. Probably, morphophysiological organization of invertebrates, provided with
hard external coverings, does not allow this significant increase of main substance parameters
without changing their morphological indexes, namely: body growth, thinning of cuticle etc.).
Apparently, this fact is also determined the stable indexes of the calorific value of both species.
Biomass of crickets is twice as rich in calories as one of earthworms, the enrichment of the food
substrate does not affect its increase or decrease.

Conclusions

Contrary indexes of b-vitamins, fat-soluble vitamins, C vitamin and microelements content are
registered both in the control and the experimental groups of crickets and earthwormes.

Similar tendencies of the B-vitamins content increase might be observed in crickets and
earthworms with an initially high level in the biomass, after the enrichment of the feeding substrate
with B-vitamins precursors.

Doubled dose enrichment of the feeding substrate has a result in increasing of all fat-soluble
vitamins in biomass of crickets and earthworms.

In the control group, the content of vitamin C is 1.5 time lower in crickets than in earthworms.
After the enrichment of food substrate, a level of vitamin C in crickets is not changed, while in
earthwormes this level is significantly increased.

The content of all studied macroelements has not significantly changed after the feeding
substrate enrichment, but a double dose enrichment has resulted in decrease of the level of
macroelements both in crickets and earthworms.

The content of microelements has not changed after a singular dose enrichment, but some
microelements, Pb and Se have significantly decreased in earthworms after doubled dose enrichment
of feeding substrate.

Doubled dose enrichment of feeding substrate has decreased the content of minerals in the
biomass of invertebrates.

An organic content is higher in crickets both in the control and the experiment groups, but a
protein content is comparable. The substrate enrichment has no impact on an organic part of nutrients
in biomass of the model species, excepting a double dose enrichment that increases fats in crickets
and a level of chitin in earthworms.

The calorific value of crickets is twice higher than of earthworms and it is not significantly
changed after doubled dose substrate enrichment.

It is revealed that the content of vitamins in biomass of the model species can be controlled
within the feeding substrate enrichment process. The enrichment with a high dose of nutrient
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precursors is not always resulted in increasing of their biomass level, but sometimes the opposite
effect is observed.
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