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INSECTS ARE A SOLUTION TO THE PROBLEM OF
PROTEIN SUPPLY OF MIXED FODDER’S

Abstract

In the materials of this article, the problems of protein deficiency in the production of compound feed are considered, and
ways to solve them due to the use of alternative, non-traditional protein components - insects that have high nutritional properties,
provide rapid accumulation of biomass, serve as sources of biologically active substances and are safe from from the point of view of
issues of veterinary medicine and ecology. It is predicted that up to 15% of additional protein will be provided by insects in 2050,
and their market will be estimated at $1.2 billion. The characteristics of the black lion fly (Hermetia illucens) and its larvae,
peculiarities of cultivation and chemical composition are presented. Larvae mostly consist of protein and fat, and also contain 7.0%
chitin, 5.0% calcium, 1.5% phosphorus and iron. The amino acid composition of the protein demonstrates the presence of a wide
range of amino acids and a relatively high content of lysine, which makes it possible to use them in the development of new
components of complete feed for farm animals and poultry. A method of introducing dry larvae of the black lion fly into the
compound feed through granulated and extruded mixtures with a mass fraction of larvae from 10 to 50% has been developed. The
structural scheme of the introduction of larvae in the production of compound feed is presented, which includes cleaning of grain
raw materials, grinding, sieving, mixing the passing fraction of the sieve with dry larvae in a certain ratio, and subsequent
granulation and extrusion of the mixture. The results of the study of the physical properties of the samples of the molded mixtures are
given, and it is established that the sample with 15% dry larvae has the best physical properties. With an increase in the content of
dry larvae in the mixture by more than 25%, the samples at the exit were characterized by significant fragility and fatness and
required an additional drying operation, which would significantly increase the cost of the finished compound feed. Calculated
recipes of complete ration compound feed for adult laying hens using larvae from 15 to 20%, which made it possible to exclude
expensive feeds of animal origin (fish meal, meat and bone meal) and partially replace soybean meal (up to 12%), which
significantly reduced the cost of finished compound feed.

Key words: compound feed, Black lioness larva, recipe, physical properties, granulation, extrusion, technology.

Introduction ute to the shortage of fish meal, which is almost the main

The development of new components of com- full-fledged source of animal protein in animal nutrition,
bined feed for farm animals and poultry is one of the forcing technologists around the world to invent new
topical directions of the modern combined feed industry. sources of raw materials. In addition, fish meal is a rather
The feed base, which determines the largest item of ex- expensive type of raw material, in addition, there is a
penditure, is represented by various ingredients of plant significant amount of counterfeiting of this compound
and animal origin, as well as feeds obtained with the help feed component on the feed raw material market.
of microbiological synthesis. Thirdly, such protein components as soybean

Considerable attention is paid to their protein meal, fodder yeast, dry amino acid preparations are also
supply when balancing complete ration compound feeds, characterized by high cost and falsification.
therefore, the search for new sources of protein is quite One of the areas of use of new alternative pro-
an urgent issue. So, let's consider the problems of lack of tein components is non-traditional types of raw materials,
protein in modern fodder production and the possibility which can reduce the intensity of these problems and
of its replenishment. To understand why the creation of expand the possibilities of the compound feed industry.
alternative proteins is generating so much interest in the

animal feed industry, we need to first appreciate the con- Literary review

text in which this new industry has emerged over the past The base of non-traditional feeds is expanding

decade. High-protein components are necessary to ensure every year, which makes it necessary to conduct experi-

the animal's need for protein, its balance, and therefore, ments with various biological objects, to study the possi-

for the full development of the body. bilities of their use as feed ingredients, to identify the
First, the grain and legume group (barley, oats, most promising ones from an economic point of view.

wheat, corn, soybeans, peas) serves as raw material for Such objects must have high nutritional properties (pri-
the production of not only compound feed, but also food marily in terms of protein and fat content), provide rapid
products for humans, which causes competition for these accumulation of biomass, serve as sources of biologically
sources of protein. large areas of arable land that could active substances and be safe from the point of view of

be used for food production. veterinary and ecological issues. These requirements are
Secondly, the geographical isolation of fish pro- met by insects, in particular the black lionfly (Hermetia
duction and the decline of global fish stocks can contrib- illucens) and its larvae [1].
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The work of both foreign and domestic scien-
tists, who proved the expediency of their use from both a
productive and an economic point of view, is devoted to
the issue of the prospective use of insects in the produc-
tion of compound feed [1, 2, 3]. Therefore, one of the
most promising alternative proteins for compound feed
for animals is currently considered to be insects. The
very first modern studies on the cultivation of flies and
larvae of the Black Lioness (Hermetia Illucens) were
conducted by three researchers Furman, Young and Catts
back in 1959. According to forecasts, it is expected that
by 2050 (Fig. 1), insects can provide 15% of the addi-
tional protein that will be needed by that time [1, 4-6].
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Fig. 1. Prospects for providing protein

through the use of insects

The use of edible insects and the animal protein
produced from them is rapidly gaining momentum
around the world. According to UN forecasts, this market
will be valued at $1.2 billion in two years [1, 6]

In China, EU countries, and especially in the
USA, insect protein is actively used for the production of
compound feed: in particular, in 2020, a subsidiary of
Nestle Purina began producing such feed [7]. This is
quite an important event, because previously large trans-
national holdings showed a rather restrained interest in
alternative protein. If one of the global giants enters this
market, it can be expected that others will follow. This
means that production and the range of available prod-
ucts will grow exponentially in the foreseeable future.

Black soldier fly (Hermetia illucens, or Black
Soldier Fly) is a large American fly from the family Stra-
tiomyidae (Fig. 2), whose natural range is North and
South America [1, 2]. The insect is one of the few spe-
cies of invertebrates capable of fully developing in pure
culture in a confined space of artificial conditions, which
allows the species to be used for biotechnological pur-
poses.

A variety of sources serve as a feed substrate for
the larvae of this type of insect: manure, substandard
grain and processed products of the agricultural and food

/

Fig. 2. Black lioness fly and larvae
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industry, food waste. Every day, up to a third of the vol-
ume of produced products is thrown away as food waste,
a large part of which is of plant origin (the remains of
fruits and vegetables, which is connected with the com-
plexity of their storage and transportation). The products
quickly decompose and become unsuitable for further
use. Bioconversion of waste when growing larvae on it
partially solves the problem of utilization and allows
obtaining a high-quality protein fodder product [8, 9].

When breeding Black lion flies, the main factors
that affect the growth, development and production of
fodder biomass are lighting, humidity, temperature re-
gime, fodder substrate, chemical factors, which include
the gas composition of the air, mineral composition of
water, acidity, mechanical and chemical composition the
environment in which the insect develops, its air penetra-
tion and density, as well as noise, gamma radiation and
electromagnetic oscillations [10, 11]. But, despite the
entire range of necessary factors of the distribution envi-
ronment, the insect is unpretentious, and its larvae (Fig.
2) are omnivorous and able to develop in a wide range of
temperatures (+20-50°C) and relative air humidity (40-
90%) [9, 10].

The Black Lionfly and its larvae have gained
great popularity in the last decade due to its introduction
as a fodder for reptiles, poultry and other domestic and
farm animals [12-14]. First of all, this is due to the high
nutritional value of larvae grown on organic waste,
which contains proteins (=40%) and fats (=40%) [10]. In
fig. 3 shows the chemical composition of the larvae of
the Black lioness fly grown on pig droppings.
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Fig. 3. Chemical composition of the larvae of
the Black lioness fly

As can be seen from the diagram, the larva's
body consists mostly of protein and fat. When conduct-
ing research, it was found that the protein content in the
larva is not affected by the composition of the feed sub-
strate, while the amount of fat and ash varies depending
on the type of feed - for fat 20-45%, for ash 3-20% [1, 2,
3] In the composition of fatty acids, lauric acid accounts
for 50% [3]. Omnivorousness and nutrition is determined
by the ability of Black lioness larvae to eat any solid or-
ganic waste without exception and as a result accumulate
in their body a complex of macro- and microelements,
the percentage of which depends on the diet. On average,
the larva contains 7.0% chitin, 5.0% calcium, 1.5%
phosphorus and iron. In the table 1 shows the results of
the study of the amino acid composition contained in the
dry flour of fly larvae [1-3].

The amino acid composition of the protein in the
larva shows the presence of a wide range of amino acids
and a relatively high content of lysine (Table 1). In addi-
tion, it contains useful organic compounds that have
commercial and industrial value.

http://grain-feed.onaft.edu.ua

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

[ ]




.

3epHoBi npoaykTH i KoMOikopmu, Vol.22, |. 1 (85) / 2022

Table 1 — Amino acid composition of flour
from the Black lioness

Ne Amino acid Content, %
1 Lysine 3.37
2 Threonine 0.55
3 Methionine 0.86
4 Valin 341
5 Leucine 3.53
6 Isoleucine 1.96
7 Tryptophan 0.20
8 Phenylalanine 2.20
9 Arginine 2.24
10 | Histidine 1.91
11 | Aspartic acid 4.56
12 | Serine 0.12
13 || Glutamic acid 3.81
14 | Proline 3.26
15 | Glycine 2.88
16 | Alanine 3.69
17 | Cystine 0.06
18 | Tyrosine 2.51

A total of 40.12

Formulation of the problem

In this regard, the goal of the work was to find,
characterize and process the possibility of alternative
protein raw material - larvae of the Black lioness, as a
component of compound feed for agricultural poultry.

Materials and methods

The object of the study was dried larvae of the
Black lioness, as well as granulated and extruded mix-
tures of grain with larvae. The mass fraction of dry black
lionfish larvae in the mixtures was 10, 15, 25, 35, 50%.

In the work, standard analytical, physical and
chemical research methods were used to evaluate chemi-
cal and physical properties.

The mass fraction of moisture was determined
by the accelerated method, by drying the weight of the
sample in a drying cabinet at a temperature of +130°C
for 40 minutes. Volumetric mass using a liter flask with a
falling load and laboratory scales of the 2nd accuracy
class. The angle of the natural slope was determined ac-
cording to the degrees applied to the side surface of the
special device R.L. Zenkova by pouring the product from
a watering can. Average particle size by sieving a portion
of bulk product through a sieve with openings of a speci-
fied size and weighing the residue on the sieve. Flowabil-
ity by measuring the flow rate of the product through an
opening of a certain diameter. Granule fragility according
to the granule abrasion index in the PPG 2 apparatus. To
obtain molded mixtures - technological methods of gran-
ulation and extrusion.

Results of the study and their discussion

Taking into account the high content of fat in
the larvae, as well as the satisfactory physical properties
of the dry larvae of the Black Lioness, when introducing
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them into the compound feed, a method of their use has
been developed (Fig. 3), which includes cleaning the
grain raw material - corn grain, grinding it with subse-
quent sifting through a sieve PR No. 30-40, mixing the
passing fraction of the sieve with dry larvae in a certain
ratio and subsequent granulation and extrusion of the
mixture under the following technological modes:

- granulation in a press granulator of the OPG
150 brand (the number of pressing rollers - 2 pcs., the
diameter of the die of the matrix 4.0 mm; the mass frac-
tion of moisture of the mixture that is fed to granulation —
16...18%; the temperature of heating the matrix — + 90 +
5°C; pressure — 2-3 MPa; temperature of granules at the
exit from the press —+ 70 £ 5 °C);

- extrusion in an EZ-150 extruder (the diameter
of the die at the exit 10.0 mm, the mass fraction of mois-
ture of the mixture that is fed to granulation is 16...18%;
the temperature in the working area is + 120 £ 5°C; the
pressure is 1 MPa; the temperature of the extrudate at the
exit is + 100 £ 5°C).
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Fig. 3. Structural diagram of the introduction
of Black Lioness larvae during the production of
compound feed

The physical properties of the obtained samples
of the obtained molded mixtures in the form of granules
and extrudate (Fig. 4) were investigated. The best physi-
cal properties were in the sample of the mixture, which
included 15% of dry larvae (Table 2).

When the mass fraction of dry black lionfish
larvae in the composition of the mixture was increased to
more than 15%, the effect of its extrusion (swelling) was
not noted, as a result of the increase in fat content and the
acquisition of a more plastic shape by the product due to
this. With an increase in the content of dry larvae in the
mixture by more than 20%, the samples at the exit were
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Fig. 4. Granulated and extruded mixtures of grain with larvae (maize grain:larvae)
Table 2 - Physical properties of compound feed characterized by significant fragility and fatness and re-
Index Dry | Granules | Extru- quired an additional drying operation, which would sig-
insects date nificantly increase the cost of the finished compound
- feed.
mg;’;&gcg'/gn of 456 14.0 153 Taking into account the chemical composition
L of the larvae of the Black lioness, we calculated recipes
Volumetric mass, 315 580 429 for adult laying hens using larvae up to 20% of the input,
kg/m? which are presented in the Table. 3, which made it
Thickness, mm 12 3mm, 2.1 possible to eliminate expensive feed of animal origin
I=4mm (fish meal, meat and bone meal) and partially replace
Angle of natural 48 40 41 soybean meal (up to 12%), which significantly reduced
slope, degree. the cost qll‘hreadg{madg cortnp(()jugjj feed.I od i
— e obtained extruded/granulated mixture can
Flowability, cm/s 175 A2 3.54 be used in the future for the production of complete ra-
Brittleness of gran- - 9.8 - tion compound feed with increased fat content, with lines
ules, % for the preparation of grain raw materials, preparation of
FPFI, Black Lion, and other mineral raw materials, the
Table 3 — Recipes of whole grain feed for laying hens main mixing and forming line, size control and packag-
Ingredient % complete ration compound feed ing of finished products.
Ne-1-1 | No-2-2 Ne-3-3 .
Conclusions
Wheat 31.00 28.00 36.70 The technology of organic waste processing by
Corn 24.00 | 16.00 black lioness fly larvae is a natural and innovative meth-
Barley - 13.23 15.00 od of obtaining natural and complete feeds and their
Bran : : 260 components, quick replenishment of soil fertility, as well
- - - as effective methods of fighting for environmental safety
Millet without films - - 25.10 and improving green technologies.
Soy meal SP46% - 11.30 - The fodder market of vermiculture (insects, lar-
Sunflower SP36% 13.00 1050 500 vae) is at the initial stage. Based on the literature review
- and the results of experimental studies, it is advisable to
Black Lioness 19.00 15.00 12.24 use the larvae of the Black Lioness insect as an alterna-
Monocalciumphosphate || 8.00 tive to proteins of animal origin and vegetable crops
Fodder chalk 2.00 - - (cakes, meal). A method of introducing the larvae of the
Limestone flour 156 3.90 1.90 Black Lioness into compound feed as part of grain raw
- materials has been developed.
Kltc_hen salt 0.25 0.10 0.26 The appearance of black lionfish larvae on the
Baking soda - 0.70 - feed market of Ukraine makes it necessary to evaluate
Lysine 98% 0.13 0.10 0.10 the biological effectiveness of this feed product as part of
DI-Methionine 98.5% 0.06 0.17 0.10 compound feed for poultry, pigs, fish and domestic ani-
P1-1 100 | 100 | 1.00 mals.
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Kageopa mexuonoeii 3epna i kombikopmis
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KOMAXMU - BUPIHIEHHA ITPOBJIEMU BIVIKOBOI'O
3ABE3IIEYEHHSA KOMBIKOPMIB

Anomauis.

B mamepianax cmami posenswymi npoonemu 6i1k08020 dehiyumy npu supoOHuymei KOMOIKOPMI6, ma WAsAXU IX eUPIUEHHS
34 PAXYHOK GUKOPUCMAHHS ANIbIMEPHAMUGHUX, HEMPAOUYILIHUX OIIKOBUX KOMIOHEHMIE — KOMAX, 5Ki 801001I0Mb GUCOKUMU NONCUE-
HUMU 61ACMUBOCMAMU, 3a0e3neyuyiomb Weuoke HAKONUYenHs OiomMacu, cayxrcamy Odxcepenamy Oion02iuHO aKMUBHUX PEHOBUH i €
be3neyHuMu 3 Mo4KU 30py NUMars eemepunapii ma exonocii. Haeedoeno npoenos 3abesneuentns 0o 15 % dooamrosoeo 6inka y 2050
Poyi 3a paxynox komax, a ix punok 6Gyoe oyiniosamucs ¢ 1,2 mapd. $. IIpedcmasneno xapaxmepucmuxy myxu Yopna nesuna
(Hermetia illucens) ma ii auuunxu, ocobrusocmi supoujysanns ma ximiuno2o ckiady. Juuunxu 6 oinvuwiiti Mipi ckiadaromscs 3 OiKa
i orcupy, maxode micmame 1,0 % ximuny, 5,0 % xansyiro, 1,5 % gocopy i 3aniza. Aminoxucromnuii cknad 6inka demoncmpye npu-
CYMHICTD WUPOKO20 CNEKMPA AMIHOKUCIOM | BIOHOCHO BUCOKULL 6MICI TI3UHY, WO 0AE MONMCIUGICMb IX GUKOPUCIMAHHA NPU PO3POOYT
HOBUX KOMNOHEHMI8 NOGHOPAYIOHHUX KOMOIKOPMIE ONIsl CLlbCbKO20ChOOapcokux meapur i nmuyi. Pospobneno cnocobu esedenus
cyxux audunox myxu Yopna neeuna 0o cknady KOMOIKOpMI6 uepe3 epaHyib08aHi ma excmpyoo8ani cymiuti 3 MAco8oio 4acmikolo
auuunox 6i0 10 do 50 %. Ilpedcmasneno cmpykmypHy cxemy 68e0eHHs TUHUHOK NPU UPOOHUYMBE KOMOIKOPMIS, KA BKIIOUAE OYUC-
MKY 3ePHOB0I CUPOBUHU, NOOPIOHEHHS, NPOCIIOBANHHS, 3MIULYEAHHS NPOX00060T ppakyii cuma 3 CyXumu TUMUHKAMU Y NEGHOMY CNiG-
BIOHOWIEHHT MA NOCTIOYIOUe 2PAHYTI08AHHS | eKecmpyoyeanns cymiwi. Hasedeno pesynomamu 0ocniodicenns Qizuunux enacmugocmei
3paskie popmosanux cymiutell, 6CmaHo8IeHo, wo Hauxkpawi ¢izuuni enacmueocmi y 3paska 3 15 % cyxoi nuyunxu. 3i 30invuennam
emicmy cyxoi tuyunku y cknaoi cymiui nonao 25 % 3pasku na euxooi Xapaxmepusy8anucs 3HAYHOIO0 KPUXKICMIO ma JHcupHicmio i
nompebysanu 000amrogoi onepayii cywlinns, wo 3nHauno nioguwjuno O eapmicme 20moeo2o Kombikopmy. Pospaxoeani peyenmu
NOBHOPAYIOHHUX KOMOIKOPMIB 0151 O0POCIUX KYpeli-HeCyuoK 3 8uKopucmanusam auyunxu 6io 15 oo 20 %, wo dozsonuno suxaroyumu
00pO2i KOpMU MEAPUHHO20 NOXOONCEHHSL (DUOHY MYKY, M'SICO-KICIMKOBY MYKY) mMa 4acmkogo 3aminumu coceutl wpom (0o 12%), wo
3HAYHO 3MEHWUTIO 8APIICMb 20MOBUX KOMOIKOPMIS.

Kiro4oBi cioBa: xomoikopmMu, JU4YMHKA YopHOY JieBHHH, pelenT, (pi3suyHi BJACTHBOCTI, TPaAHYJIIOBAHHS, eKCTPYAY-
BaHHSI, TEXHOJIOTisI.
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