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Annotation. The article is devoted to the current topic of protein deficiency in the human body. This
review summarizes the main results of studies evaluating the properties of the cultivated fungi proteins
and amaranth. The high biological value of proteins makes it possible to obtain mixtures (blends),
which can be used to produce vegetarian sausages with improved functional properties. The article
presents the possibility of developing a technology of blends based on plant materials by introduc-
ing plant materials with high biological value. The developed blends will have a balanced amino acid
composition and will contain an increased amount of squalene.
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Formulation of the problem in a general
form. Currently, there is a persistent tendency to
improve consumed food products by creating new
formulas and technologies. The reason for this was
the continuous technological progress in the food
industry. Despite the identified positive trends in
the development and improvement of technolo-
gies, the question of insufficient intake of protein
food remains rather acute. A general decrease in the
consumption of meat and dairy products was not-
ed even in countries with a high income level [1].
Taking into account the fact that the efficiency of
protein metabolism in the human body largely de-
pends on their qualitative and quantitative presence
in food. In the body, tissue proteins begin to break
down when proteins enter below the recommended
norms. The development of amino acid-balanced
products made from affordable and fast-growing
raw materials has become extremely important [2].

Analysis of recent research and publications.
As noted earlier, protein intake for a living organ-
ism is a factor in development and growth. The
quality of food protein is characterized by its bio-
logical value, degree of purity of utilization, amino
acid composition, digestibility coefficient, etc [3].
The absence of at least one essential amino acid in

the food causes a negative nitrogen balance. This
causes dysfunctions of the central nervous system,
can lead to stunting and severe clinical conse-
quences [2]. This became the basis of an analytical
study of information about existing trends in the
use of vegetable protein, as a worthy alternative to
animal protein. The degree of approximation of the
amino acid rate of the developed products to the
“ideal” protein was taken into account during the
search for existing technological solutions.
Vegetable raw materials, as a source of protein,
have several advantages compared to raw materials
of animal origin, such as availability, minimal costs
for storage and transportation, cost-effectiveness in
obtaining and processing, the effectiveness of di-
rect use as food [3]. In particular, concentrates, hy-
drolysates, and isolates, as purified forms of plant
proteins, have a neutral taste and smell, which al-
lows us to consider them as the best matrices for
creating improved or new flavoring compositions.
It should be remembered that when using high-
quality animal protein, saturated fatty acids and
cholesterol get into the human body with it. They
increase the risk of developing cardiovascular
disease. Protein products of plant origin have
a lower proportion of saturated fats, contain
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polyunsaturated fatty acids in large quantities [4].

In addition, the functional and technological
properties of plant protein isolates, hydrolysates,
and concentrates allow them to be included in many
food products based on raw materials of animal ori-
gin and not only as components enriching amino ac-
ids, but also as stabilizers, structure-forming agents,
moisture-binding and water-retaining agents. This
allows you to get food products with improved qual-
ity indicators and increased digestibility. Thus, for
a long time there are products that maintain a bal-
ance between animal and plant proteins. Scientists
from different countries are successfully solving the
problem of balanced meat and vegetable products
[5-9]. Ways to increase the nutritional value of meat
products by enriching the amaranth protein with a
hydrolyzate have been proposed [10].

The authors [11] developed new recipes for meat
and vegetable semi-finished products of increased
biological value, by combining plant materials (hy-
drated lentils, oyster mushrooms, cabbage, carrots,
pumpkins and celery) with traditional meat. They
proposed food compositions that have a reduced
calorie content (due to added dietary fiber), a high
content of biologically active substances (due to
the high content of vitamins and antioxidants), and
an improved amino acid composition.

The technology of meat-and-vegetable semi-
finished products of functional purpose with a par-
tial replacement of meat raw materials with high-
grade vegetable protein due to the use of lupine
flour is also known [12].

The increased nutritional value, functional prop-
erties and economic feasibility of creating a com-
bined meat and vegetable products using grain raw
materials are justified by the authors [13]. At the
same time, high functional and technological prop-
erties of minced systems, an increase in the output of
finished products without reducing their biological
value and organoleptic characteristics were noted.

The author [14] has developed a technology for
frozen semi-finished meat products, using animal-

based emulsifiers of acylglycerol nature, as well
as dry mixes based on food polysaccharide-based
hydrocolloids. This allowed them to get products
with stable indicators of quality and safety.

The author [15] has proposed methods for stabiliz-
ing the functional and technological characteristics of
semi-finished products for combined meat products.
One of the main proposed routes was the introduction
of mushroom raw materials. This approach made it
possible to expand the range of these products and to
obtain a product not only with standard indicators of
quality, but also with economic advantages.

The authors [16] have successfully introduced the
proteins of cultivated mushroom raw materials while
creating innovative meat products. It was described
in the work that introducing up to 35 % of mushroom
raw materials into the meat stuffing does not wors-
en the organoleptic characteristics of the developed
meat products, which contributes to the expansion of
the assortment group of the proposed products. The
result of an analytical study was the formation of a
raw sources of vegetable protein database with their
quantitative and qualitative assessment of amino acid
content. The information received has become the ba-
sis for the modeling of blends for the development of
technology for vegetarian sausages [17, 18].

Numerous studies by scientists have shown that
cultivated mushrooms are one of the valuable sources
of plant proteins. Their amino acid composition is the
most perfect and acceptable of all existing proteins of
plant origin, since it includes all the essential amino
acids. In the table. 1 shows the amino acid composition
of proteins of various origins [19].

These data indicate that the amino acid compo-
sition of cultured fungi is high in glutamic and as-
partic acids, arginine, leucine, phenylalanine, ala-
nine, serine, glycine, and threonine. Comparing
the data of the reference protein with the data of
cultivated mushrooms, we can conclude that the
mushroom protein is optimal in its composition
and can be used in the manufacture of food prod-
ucts to maintain the daily protein content [20].

Table 1
The composition of the essential amino acids of certain food proteins
The content of essential amino acids in g per 100 g of protein
Name of raw Methionine + Phenyl
materials Valine | Isoleucine | Leucine CTOIINE ™ | Threonine Tryptophan | alanine+ | Lysine
cysteine .
tyrosine
Beef 5,70 4,20 8,00 3,80 4,30 , 7,90 8,10
Pork 5,60 4,50 7.90 3.00 4,40 6,80 8,30
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Cont. table 1

The content of essential amino acids in g per 100 g of protein
Name 0? raw . . . Methionine + . Pht?nyl .
materials Valine | Isoleucine | Leucine . Threonine | Tryptophan | alanine + | Lysine
cysteine t .
yrosine
Chicken 4,10 4,20 8,20 3,40 4,00 1,00 6,80 7,70
Marine fish 5,00 4,50 8,60 4,10 4,50 1,10 6,20 9,30
River fish 4,90 4,20 7,90 3,20 2,20 2,30 4,80 8,20
Soy
hydrolyzate 4,09 4,25 6,70 2,00 3,13 1,11 7,50 5,32
Pea
hydrolyzate 4,00 4,30 8,10 2,30 3,00 0,90 8,20 6,10
Rice
hydrolyzate 5,02 5,83 8,10 4,70 4,00 1,50 8,40 5,10
Wheat
hydrolyzate 4,20 5,80 6,30 3,50 2,80 0,20 8,30 2,60
Flax
hydrolyzate 1,45 1,26 2,27 0,23 3,50 — 2,01 1,40
Sunflower
isolate 4,70 3,38 6,76 2,20 4,34 1,00 9,20 2,20
Oyster
mushroom 5,00 3,80 8,80 7,50 4,20 1,50 6,90 5,00
Champignon 8,10 16,40 14,30 4,30 4,30 3,20 5,60 6,20
Shiitake 5,20 4,70 9,20 6,00 4,80 1,20 9,00 5,60
Enoki 7,10 11,90 11,40 7,10 7,80 3,40 13,70 15,40
Amaranth 4,50 5,60 4,00 2,40 3,80 1,60 7,70 6,40
The reference
protein 5,00 4,00 7,00 3,50 4,00 1,00 6,00 5,50

Analysis of the amino acid composition
indicates the presence in all proposed for the study
objects of a complete set of essential amino acids.
However, the content of individual amino acids
is different, which was taken into account when
designing blend technology for vegetarian bass
products. It should be noted that amaranth proteins
are sufficiently balanced in essential amino acids
and, like the proteins of cultivated mushrooms, are
as close as possible to fish and beef proteins. In
addition, amaranth is a valuable source of squalene,
a natural triterpene and an important intermediate
element of sterol biosynthesis. Amaranth squalene
content varies from 3.8 to 6.7 %. Squalene
belongs to the group of carotenoids [21]. It is an
indispensable component of cell membranes and
is present in all cells of the body, performing
a protective function for them. It serves as a
source of oxygen necessary for the body, helps
to normalize the processes of tissue respiration,
has antimicrobial anticarcinogenic and fungicidal
effects. It was noted that it is oxygen deficiency and
cell destruction caused by an excess of oxidants that
are the main cause of the onset and development
of tumors. Thus, squalene, as a substance with

antitumor activity, is able to increase the strength
of the immune system, while ensuring the body's
resistance to various diseases [22].

Table 1 shows that amaranth has high biological
value, because its proteins contain essential
amino acids. The total amaranth protein is 28-
35 % composed of essential amino acids [23].
Amaranth has a high content of lysine, isoleucine,
tyrosine and phenylalanine.

Interesting for the development of technology
was the isolate of sunflower. In terms of amino
acid composition, this isolate, as well as amaranth,
is as close as possible to a reference protein. It
should be noted that the digestibility of sunflower
protein is 90 % [20].

Based on the above information, it can be
predicted that blends can be developed from the
presented types of vegetable protein. They will
allow for the amino acid rate to replace animal
proteins in the composition of sausages and to
obtain products with high quality indicators and
good economic effect.

Presentation of the main research material
with full justification of the obtained scientific
results. Vegetarian sausages are becoming
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increasingly popular in the consumer market.
Their main ingredient is vegetable protein
concentrates in isolated and textured form (mainly
from soy, wheat and peas). This type of product is
the desire to make the human diet more complete
and balanced in protein. In vegetarian sausages,
one can quite successfully apply the principle of
complementarity to each other in the content of
limiting amino acids [25].

Samples of sausages of the following composition
for research were prepared: a blend consisting of
mushroom powder, sunflower isolate, amaranth
extract and a base. The following hydrolysates of
wheat, rice, peas, and soy were chosen as the basis
for the production of minced meat. During the
preparation of samples, blend sausages were pre-
hydrated at the rate of 1: 6..8, depending on the basis
of the minced meat. The temperature of the prepared
drinking water was 18...25°C. The exposure time
was 15..20 min. Then the basis for the chopped
meat was prepared. The hydrolysates were poured
with hot water (70...80°C), boiled for 5...7 min,
combined with a hydrated blend, boiled for another
5...7 min and added to the cutter, table salt, sugar,
and beet juice were also added. Other ingredients
were added according to the recipe. The ingredients
were mixed until smooth. The sausage loaves
were made, clipped and kept in suspension until
completely structured for 6..8 hours until completely
cooled. Prototypes of products were produced using
a blend in such an amount to the mass of the main
raw material that would correspond to the reference
protein in the total amino acid content.

The production of the control variant of cooked
vegetarian sausage was carried out without the
use of a blend. After analyzing the results of the
organoleptic evaluation of finished products,
model recipes for minced meat on various bases
(hydrolysates of cereals or legumes) were created.
We conducted studies of the effect of blends on
the quality of finished products to determine the
acceptable level of replacement of minced meat
with a blend.

During the experiment, we found that the
mass fraction of mushroom powder in the blends
should not exceed 3...4 % of the weight of the
main chopped meat, and the extract of amaranth
not more than 1 % of the weight of the main
chopped meat. Organoleptic indicators worsened
significantly with a larger application.

The composition of minced meat sausages,
which contains protein components also includes

the fat component. Sunflower oil was used as
fat. This fact requires detailing and elaboration,
since it is considered possible to use amaranth
oil, coconut oil, sesame oil or a mixture of food
additives E471 and E475.

An analysis of the chemical composition of
sausages shows that with an increase in the level
of replacement of vegetable protein (base) with
a blend, especially containing amaranth and
mushroom powder in an increased amount, there is
a redistribution of the mass fractions of moisture,
protein, fat and ash. During the adding of a blend
with a high content of mushroom and amaranth,
the mass fraction of fat is simultaneously reduced.
Therefore, the energy value of the finished
product from 128.4 to 112.5 kcal, respectively,
and the proportion of carbohydrates in the
experimental samples increases by an average
of 2.1 %. The mass fraction of protein is almost
unchanged in comparison with the control, but
there are differences in the regulated amino acid
composition.

The main quality criteria were taken to be the
strength of the adhesive layer between the individual
components and the water-binding ability during
creating sausage meat. The free moisture that was
contained in the hydrated blend and base is removed
during cooking. Bound moisture is retained by
protein and polysaccharide constituents. As a result
of fine grinding, the particle sizes of the mushrooms
and the sunflower isolate are small, but their total
surface is quite large. Therefore, moisture passes
from free to surface-bound and the mass loss in
the fabricated samples after heat treatment was
negligible (up to 5 %). Thus, the use of a blend
made it possible to maintain a moisture index of
72.4...72.8 %. This meets the requirements for this
group of sausages.

The results of an organoleptic assessment
of the quality of cooked control sausage and
experimental samples using a hood are as follows:
the samples had a clean, dry surface, without
damage to the shell, without influxes of minced
meat, the consistency was dense and became
more elastic with an increase in the amount of
mushroom powder in the blend. The color of
minced meat in all analyzed products was pink,
evenly mixed. A pinker tone was noted in the
control sample without a blend.

Samples of cooked vegetarian sausage, devel-
oped without the use of a blend, did not have a deli-
cate texture. The use of mushroom powder in the
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blend during the preparation of cooked sausage pro-
vided a good, elastic, delicate texture. Control and
experimental samples were distinguished by good
taste. A maximum assessment of organoleptic char-
acteristics was noted in experimental samples with
the addition of mushroom powder in an amount of
3.0 %. The smell of cooked sausage with the use of
mushroom raw materials was also noted as “more
pleasant, aromatic” on all types of bases.

No pathogenic microflora was found in control
and experimental samples in microbiological
studies. The total microbial number (QMAFAnM,
CFU/1 g) did not exceed 1 x 10? per 1 g, which
indicates the safety of the products.

Thereby, the considered sunflower isolate
blends containing mushroom powder and ama-
ranth extract are a good addition to the basics of
minced meat from vegetable raw materials and
can be used in the technology of vegetarian sau-
sages, in particular, cooked sausages.

Conclusions from these problems and pros-
pects for further research in the given direc-
tion. The results of the analysis performed in the
article prove the promise of using blends based
on sunflower isolate using cultivated mushroom
powder and amaranth extract as a good addition
to the basics of hydrolysates from plant materials
for approximating amino acid scores to a standard
protein. Such compositions will expand the range
of vegetarian sausages, the relevance of which
is also outlined in the framework of this article.
The developed technology of blends for vegetar-
ian sausages allows you to simulate various recipe
mixtures and improve them not only in taste, but
also in amino acid composition. The resulting
blends can also be used as a substitute for minced
meat in the production of meat sausages, produc-
tion from co-products, as well as fish.
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X. HaH; H. B. KoHOpamok, kaHOuGam mexHu4yeckux Hayk, douyeHm; T. M. CmenaHoea, KaH-
Oudam mexHu4Yeckux Hayk, doueHm; A. B. AghaHacbee; E. U. CbimHuk; A. B. [biwyk; E. E. Cy-
npyHeHko (CymcKkol HauyuoHarsbHbIU agpapHbil yHuUsepcumem). TexHosnoeusi 6rreH0oe Ha ocHoee
pacmumenibHo20 6esika OJis1 npou3eodcmea eecemapuaHCcKux KosbacHbix usdesudl.

AHHOmauus. Cmamesi nocesiujeHa akmyaribHoU Ha ce200HAWHUU deHb meme deghuyuma bernka
8 opeaHu3me 4Yerioseka. B npedcmaeneHHoM 0630pe Kpamko U3/10XKeHbl OCHOBHbIE pe3yribmambl
uccriedosaHull o oueHKe ceolicme berlKo8 Kyrfbmueupo8aHHbIX epubos u amapaHma. Bbicokas
buonozuyeckass uyeHHocmb 6efikoge rno3egonsem mnonydams cmecu (6rieHObI), KOmopble Mo2ym
6bimb ucnonb308aHbl Or1s pouseo0cmea eesemapuaHCcKux Konbac, obrnadarouux yriyHuweHHbIMU
yHKYUOHanbHbIMU ceolicmeamu. B cmambe npusedeHa 803MOXHOCMb pa3pabomKu MexHoo-
auu 6neHO08 Ha OCHOBE pacmumerlbHO20 CbIPbsi 3@ CYEM BHECEHUSI pacmumesibHO20 Cbipbsi, 06-
nadarouwjeeo ebicokol buonoauyeckoli yeHHocmblo. PaspabomarHbie 6neHObl 6ydym umems
cbanaHcuposaHHbIU aMUHOKUC/IOMHbIU cocmas u 6ydym codepxamb MO8bILIEHHOE KOMUYECME0
cKearneHa.

Knrodeenie csioea: Oechuyum bersika, KynbmusuposaHHbie 2pubbl, amapaHm, eecemapuaHcKue
Konbachl, ckearieH.

X. Han; H. B. KoHOpamtok, kaHOudam mexHi4Hux Hayk, doueHm,; T. M. CmenaHoea, kaHOudam
mexHidHux Hayk, doueHm; O. B. AgpaHacbkes; K. I. CumHuk; A. B. Quwyk; K. €. CynpyHeHko (Cym-
CbKUU HayioHanbHUl agpapHull yHisepcumem). TexHosnozist 6reHdie Ha OCHO8i pOocIUHHO20 birnka
onis1 sUupobHUUMea secemapiaHCbKUX KosbacHuUx eupobis.

AHomauisi. Cmammio rpucesiyeHo akmyarbHil Ha cb0200Hi memi degbiyumy binka 8 opaaHi3mi
JII0OUHU, W0, 30KpemMa, 3yMOBIIEHO 3HUXEHHSIM CIIOXUBaHHSI M’SICHUX i MOTOYHUX Npo0yKmie, Hasimb
y KpaiHax i3 8UCOKUM pieHeM O0x00y HacereHHs. EgpekmugHicmb 0bMiHy binkie 8 opaaHi3mi noOUHU
3HaYHOI MIPOIO 3arnexxums 8i0 iX SKICHOI i KifIbKICHOI mpucymHocmi 8 ixXi. Y pasi HaOXo0xeHHS birkKig
HUX4Ye pekoMeHO08aHUX HOPM 8 opaaHi3Mi noYuHarome poanadamucs 6inku mkaHuH. [JJocumb eax-
nueoto cmarna po3pobka 3banaHco8aHuX 3a aMiHOKUCTIOMHUM CKnadom rpodykmig, w0 euzomosris-
rombcsi 3 docmyrnHOI CUPOBUHU. SIKicmb xap4o8020 binlka xapakmepusyembcs, nepw 3a ece, (1020
6io102i4HOK0 UiHHICMIO, cmyrneHeM Yucmomu ymuriidauyii, aMiHOKUCIIOMHUM CK1adoM, KoeiyieHmom
nepempasHocmi. BidcymHicmb y ixi xoda 6 00Hiei He3aMiHHOI aMiHOKUCIOmMU cmae NpU4yuHO Heaa-
mugHOo20 azomucmozo basiaHCy, BUKIIUKaE nopyuweHHs disribHOCMi UeHmparsbHOI Hep8oegoi cucmemu,
Moxxe rpu3secmu 00 3yMUHKU pOCMy, 8aXKKUX KIiHIYHUX HacstiOkie. OKpiM yb020, y Mamepianax cmam-
mi HagedeHo WIsIXU PO3WUPEHHST acopmuMeEHMYy 8eeemapiaHCbKUX kogbacHux aupobie, y momy quc-
ni U 3a paxyHOK eukopucmaHHsi brieH0i8 i3 CUpPOBUHU 8IMYU3HSIHO20 (PezioHaIbHO20) MOXOOXKEHHS.
Y cy4qacHil m’sicornepepobHili 2any3i He 3ynuHsaemscs nowyk dodamkosux Oxepern b6inikoeoi ma 6in-
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46 IHHO8aUuitiHI mexHonoail xap4osux 8UpobHUUME

KOBOBMICHOI cuposuHuU. [lpome, | HanpsiM, WO OKPeCoe 8UPOBHUYMBO 8ezemapiaHCbKUX Kogbac,
makoX nomy>Ho po3gueaemscs i € nepcrekmugHum 0s1s1 bazambox KpaiH ceimy. O0Hak, npobrema
3aceoeHHs1 binka 8 UbOMy acriekmi Habysae 2ocmpomu 3a paxyHOK He3banaHco8aHO20 aMiHOKUC-
JI0MHO020 cknady POCAUHHUX KOMIIOHeHmMIg. Y npedcmasneHomy 02risidi KOpoOmKo 8UKIaleHO OCHOBHI
pesynbmamu docnidxeHb w000 OUiHKU ernacmusocmel birnkie KynbmueogaHux epubie, amapaHmy
ma i307151my COHSIWHUKa SIK iHepedieHmig, w0 30amHi nposecmu peaynsuio aMiHOKUCIOmHo20 ba-
naHcy eidponizamie 3epHo8UX | 60608UX, SIKi BUKOPUCMO8YOMbLCS 8 SSIKOCMIi 0CHO8 OJ1s1 8UPObHUUMEa
8eecemapiaHCbKUX 8apeHux kogbac. Bucoka bionozidHa uiHHicmb birikie amapaHmy, COHAWHUKA, Ky/lb-
mueosaHux 2pubie 0o3eosnisie ompumysamu cymiwi (6rieHOU), ki MoXxXymb 6ymu eukopucmaHi 0ns
8UPObHUUMEBa 8ezcemapiaHCbKUX Kogbac, w0 805100itomb MOAINUWEHUMU (OYHKUIOHanbHUMU 8riacmu-
socmsaMU. Y cmammi HageO0eHO NpUHUUNU cmeopeHHs1 brieHdie Ha OCHO8I POCIUHHOI CUpOBUHU Onsi
8U20MOBIIeHHSI 8eeemapiaHCbKUX kosbacHuUX supobis i3 8UCOKOH 6ion102idHO UiHHICMI. Po3pobrieHi
bneHOu Mmamumymse 36anaHcogaHul ckriad aMiHOKUC/Iom ma Micmumumymse MiO8UWEHY KirbKiCmb
CKearieHy. Y xo0i ekcriepuMmeHmarsibHO20 O0C/IOXKEeHHS onpayb0o8aHo crocib nid2omoeKku ma 6HeCeH-
Hs1 brieHOie 0o cknady ocHO8U ¢hapulie Onsi eezemapiaHCbKUX 8apeHuUx Kogbac, SKUMU sucmynaroms
eidpornisamu 60608uUX, 3M1aKo8uUX i 3epHOBUX Kynbmyp. NpoeedeHO opeaHonenmuyHi 8unpobysaHHs
20moeoi npodyKuii, po3pobrieHo ornmumaribHi criie8iOHOWEHHSI 8Micmy KOMoHeHmie breHodie Orisi 8u-
COKUX MOKa3HUKI8 IKOCMi ma Xap4080i UiHHOCMIi 20mog8oz0o npodyKmy.

Knrouoei cnoea: Oegpiuum 6inka, KynbmueosaHi epubu, amapaHm, eezemapiaHCbKi Kosbacu,
CKearleH.
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