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RESUMO

O objetivo desta pesquisa é desenvolver produtos funcionais a partir de subprodutos biomodificados de
baixa qualidade e residuos usando consércios de microrganismos. Para criar condigdes para uma dieta
equilibrada e melhorar a saude da populagao, foi proposta a técnica de utilizagdo de métodos biotecnolégicos
direcionados a atragao de recursos néo tradicionais. O objetivo do estudo foram subprodutos secundarios da
carne e residuos da industria de processamento de carne. Os produtos carneos e residuos foram processados
com bactérias lacticas como Lactobacillus bulgaricus, Bifidumbacterinum siccum e Staphilococcus carnosus. As
bactérias do acido latico foram cultivadas passo a passo em diferentes combinagdes: Staphilococcus carnosus
e Lactobacillus bulgaricus; Bifidumbacterinum siccum e Staphilococcus carnosus; Lactobacillus bulgaricus e
Bifidumbacterinum siccum. Mudangas na atividade de crescimento das espécies selecionadas de bactérias
lacticas em varias combinagbes foram realizadas em véarios meios nutricionais. Ao cultivar as cepas estudadas
em um meio de agar de carne e peptona, sua identificacdo completa foi realizada. A etapa final foi a analise da
qualidade dos objetos reais: carne de cavalo, flanco e tecido muscular padréo da carne bovina. A dindmica das
mudancgas nos indicadores de propriedades funcionais, tecnoldgicas e organolépticas da carne provou um
efeito positivo do uso de bactérias do acido lactico. As racas desenvolvidas demonstraram a capacidade de
suprimir ativamente a microflora prejudicial nos produtos a base de carne. Além disso, amoleceram a carne
secundaria para processamento e provaram positivamente melhorar as caracteristicas organolépticas do
produto acabado. O processamento de recursos secundarios de subprodutos e residuos permitira 0 uso mais
econdmico e racional da reserva alimentar mais essencial de carne e derivados, contendo colageno. A
cobertura insuficiente desta questdo sobre o uso de uma cepa combinada dessas espécies de
microorganismos para a biomodificagdo de subprodutos secundarios contendo colageno e residuos na
industria de carne indica a relevancia do tépico escolhido.

Palavras-chave: biomodificagcdo; biotecnologia; subprodutos e residuos contendo colageno, bactérias do acido
latico.

ABSTRACT

This research purpose is to develop functional products from biomodified low-grade by-products and
waste using microorganism consortia. To create conditions for a balanced diet and improve the health of the
population, the technique of using biotechnological methods directed at attracting non-traditional resources was
proposed. The object of the study was secondary meat by-products and waste from the meat processing
industry. The meat products and waste were processed with such lactic-acid bacteria as Lactobacillus
bulgaricus , Bifidumbacterinum siccum, and Staphilococcus carnosus. Lactic-acid bacteria were cultured step-
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by-step in different combinations: Staphilococcus carnosus and Lactobacillus bulgaricus; Bifidumbacterinum
siccum and Staphilococcus carnosus; Lactobacillus bulgaricus and Bifidumbacterinum siccum. Changes in the
growth activity of selected species of lactic-acid bacteria in various combinations were carried out in various
nutrient media. When growing the studied strains in a medium of meat-and-peptone agar, their complete
identification was carried out. The final stage was the analysis of the quality of real objects: horse meat, flank,
and standard beef muscle tissue. The dynamics of changes in indicators of functional and technological and
organoleptic meat properties proved a positive effect from the use of lactic acid bacteria. Developed races have
shown the ability to suppress harmful microflora in meat products actively. Moreover, they softened the
secondary meat for processing and positively proved to improve the finished product's organoleptic
characteristics. Processing of secondary resources of by-products and waste will allow more economical and
rational use of the most essential collagen-containing food reserve of meat and meat products. The insufficient
coverage of this issue on the use of a combined strain of these species of microorganisms for the
biomodification of secondary collagen-containing by-products and waste in the meat industry indicates the
relevance of the chosen topic.

Keywords: biomodification; biotechnology; collagen-containing by-products and waste, lactic-acid bacteria.
AHHOTALUNUA

Llenb wnccnepgoBaHus - paspaboTka yHKUMOHAmNbHbIX MNPOAYKTOB U3  BromoanduumMpoBaHoOro
HU3KOCOPTHOIO CbIpbsi C UCMOSIb30BaHWEM KOHCOPLMYMOB MWKPOOPraHusmMoB. [ns co3gaHust ycrioBunm Ans
pauMoHanNbHOTO MUTAHUS M YMyYLWEHUS 300pOBbS HaceneHus Hamu npegnaraeTcs UCNonb3oBaTb MpUEM,
HarnpaBMeHHbIA Ha NPUBMEYEHNE HETPAOULMOHHBIX PECYPCOB C MCNOMb30BaHNMEM MeTO4oB BnoTexHonoruu. B
KayecTBe OObekTa WCCNedoBaHMS CHAYXWNO BTOPUYHOE MSICHOE CbIpb€ MsconepepabaTbiBaloLLEen
NMPOMBILUMIEHHOCTU: MSICA KOHWHbI, MAaWWHbl WU TOBSKbEN MbIWEYHON TKaHu BTOporo copta. O6bekTom
nccnepoBaHua BbICTynunu  Lactobacillus bulgaricus, Bifidumbacterinum siccum, Staphilococcus carnosus.
KynbTuBaumsi MONOYHOKUCHBIX GaKTepUn OCYLLECTBANOChH NMO3TANHO B pasHbIX coydeTanusax: Staphilococcus
carnosus wn Lactobacillus bulgaricus; Bifidumbacterinum siccum w Staphilococcus carnosus; Lactobacillus
bulgaricus v Bifidumbacterinum siccum. AKTUBHOCTb pPOCTa MOMOYHOKUCIbIX BakTepun n3yvanu Ha pasnuyHbIX
nuTaTenbHbIX cpefax (MSACONENTOHHBbIN arap U MSACOMENTOHHbIM XenatuH). [ns 3Toro CyCcneHsuio KynbTyp
KynbTUBMPOBAaNN B CTEPUIIbHBIX YCNOBUSX Ha NMMTaTeNbHbIX cpeax, ABNAoWencs onTuManbHON ANg UX pocTa.
B npouecce BblpaluMBaHus uccnegyemMbix WTaMMOB Ha cpefe C NpUMEHeHVeM MSICONEeNnTOHHOro arapa Gbina
npoBegeHa nornHasi ux ngeHtTndukaums. Ons oueHKn CKOpoCTM pocTa TeCcTUpyeMbiX LUTaMMOB UCMONb3oBanu
crneuundmyeckme nutaTenbHble cpedbl. Ha 3aBepliatoem atane Obin NPOBEAEH aHaNM3 KavyecTBa pearibHbIX
OOBEKTOB: MsACA KOHMHbI, MALWMHBI W TOBSXKbEW MbILEYHOW TKaHW BTOPOro copta MO MNoKasaTensam
PYHKLMOHANBHO-TEXHOMOIMYECKUX CBOWCTB U Bbifl y.CTAHOBMEH MONMOXUTENBHbBIA 3MEKT OT MX NPUMEHEHUS,
MOCKONbKY BbIBEAEHHblE pacbl MPOSIBUNN CMOCOOHOCTb aKTUBHO MNOAABMNATb BPEAHYK  MUKpOdopy,
pas3BUBaIOLLYIOCH B MSCHbIX npogdyktax. Kpome Toro, nepepaboTku BTOPUYHBIX CbiPbEBbLIX PECYPCOB MO3BONMUT
Bonee 3KOHOMHO M pauUMOHanbHO UCMONb30BaTh BaXKHEWLIME NULLEBON KoNnareHcogepxawmi peseps Msica u
MSACHbIX MPOAYKTOB. HepocTtaTtoyHas OCBELEHHOCTb AaHHOro BOMpOca MO MPUMEHEHUI0 KOMOWMHUPOBAHHOIO
LWTaMMa [AaHHbIX BUAOB MWKPOOPraHM3MoB Ansi GMomoamdmKaLmm BTOPUYHOMO KomnareHcoaepxalliee Cbipbe
MSCHOW NPOMbILLNIEHHOCTU CBUAETENbCTBYET 06 akTyanbHOCTY BbiIGPaHHOM TEMBbI.

KnioueBble cnoBa: 6uomodugukayusi, buomexHorozaus, KornaseHcodepxawee U BMOPUYHOE Cbipbe,
MOJI0YHOKUCSIbIE bakmepuu.

1. INTRODUCTION: Duskovaet al., 2016; Wanget al., 2013).

Products containing consortia of lactic acid
and bifidobacteria play an essential role in the
nutrition of people, especially children, the
elderly, and patients. First of all, the dietary
properties of such products are in that they

Currently, it is possible to produce new
types of meat by-products and waste for general,
special and therapeutic purposes, improve
methods of enzymatic processing of meat raw

materials in order to improve its functional and
technological properties, produce food and feed
hydrolysates, synthesize flavorings, dyes,
biologically active substances, to synthesize feed
proteins, and in the future, proteins for human
nutrition based on biotechnology in the meat
industry (Antipova, 2001; Antipovaet al., 2011;
Armuzziet al., 2001; Audenaertet al., 2010;

improve metabolism, stimulate the secretion of
gastric juice, and stimulate the appetite. Being in
food products and making up most of the
microflora of the human gastrointestinal tract,
taking root in the intestines, they actively
suppress putrefactive microflora and lead to
inhibition of putrefactive processes and stop the
formation of toxic decay products of proteins
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entering the human blood. Along with this,
microorganisms are active producers of useful
substances that are capable of transforming
natural or chemically synthesized compounds
into substances valuable to humans. Their
sources are inexpensive and practically
inexhaustible. Many of them must synthesize
heterogeneous systems of enzymes that convert
proteins. This suggests the effectiveness of their
use for biotransformation of protein systems of
low-grade meat by-products and waste by
microbial fermentation with the selection of
specific  consortia  (Armuzziet al, 2001;
Duskovaet al., 2016).

Some American factories use a pure culture
of Pediococcus cerevisiae to manufacture
summer types of sausages such as cervelat and
salami. When sugar is added, it promotes the
formation of lactic acid and gives the sausages a
specific, characteristic flavor. When using this
culture, the sausage manufacturing process is
reduced to 48 hours while usually it is kept at (7-
10) °C for 3-7 days, and then smoked at (27-44)
°C for 2 -3 days (Antipovaet al., 2016; Gavrilova
et al., 2019).

From the point of view of aroma formation,
the starting culture of Moraxella phenyipyruvica,
the Danish Meat Institute's development product,
is of interest. This is a psychrophilic culture — an
optional anaerobic which allows it to develop in
the thickness of the product actively and, as
studies have shown, to produce substances that
are precursors of aroma. Along with traditional
bacteria, such as Lactobacillus and Pediococcus,
American technologists include Micrococcus in
the starter cultures, which can reduce nitrates to
nitrites while improving the taste and color of
finished sausages (de Souza Barbosa et al,
2015).

In ltaly, strains of Micrococcus sp.,
Lactobacillus bulgaricus were tested to study the
organoleptic properties of dry sausages as starter
cultures. A new bacterial culture, Lactobacillus
pentosus, was tested in the laboratory of R.
Muller (Germany) in the production of dry
sausages. Several other cultures were used to

compare the technological effect:
Petrostreptococcusparubus, Lactobacillus
bulgaricus, Pediococcusacidilactici, and their

combination with Streptococcus carnosus MIll. In
all variants of testing microorganisms, the best
results were obtained with Lactobacillus
pentosus. The effect was expressed in a rapid
decrease in pH by obtaining sausages of
attractive color, soft-sour taste, and pronounced
meat aroma (Cocolin et al., 2009).

In the meat industry, biotechnology is used
in raw meat processing with enzyme preparations
to soften its stiffness and increase the nutritional
value, making it possible to use low-grade raw
materials to produce high-quality meat products.
Experts consider the enzymatic method of
softening meat one of the most effective (de
Souza Barbosa et al, 2015; Doulgerakiet al.,
2012; llinaet al., 2017).

The All-Russian  Scientific  Research
Institute of the Meat Industry (VNIIMPom)
conducted studies on the use of microbial
preparations for the complete separation of meat
from bones after deboning and sending the
resulting mass to prepare meat pastes,
emulsions, hydrolysates (Antipova and
Uspenskaj, 2016; Gavrilova et al., 2019). Studies
were conducted at the same institute on the use
of brewer yeast biomass as polyenzyme
preparations for the hydrolysis of blood proteins
in slaughtered animals, resulting in an increase in
the biological efficiency of blood proteins by 10-
30%. Hydrolyzed by yeast, blood is
recommended to be used as an additive to meat
products to give them a good taste.

One of the biotechnology applications to
obtain additional protein sources is the use of
unicellular bacteria, fungi, yeast, and algae for
the enrichment of meat products. As shown by
studies conducted by institutes of the Russian
Academy of Sciences, the Russian Academy of
Medical Sciences (Antipovaet al., 2016),
VNIIMPom, this method allows getting diet meat
products. The Kemerovo Technological Institute
of the Food Industry researched the use of
cooked sausages in technology to replace soy
protein brewing yeast, which is the secondary
raw material for brewing (Antipovaet al., 2015;
Gavrilova et al, 2019). One of the new
biotechnology areas in sausage production is the
improvement of the taste, color, and aroma of
meat products of high-quality flavorings, various
flavoring  substances of microbial origin
(Armuzziet al, 2001;Cocolinet al., 2009). Another
promising area of application of the principles of
biotechnology is the fortification of meat products
and the solution of issues related to the
development of this problem. Scientists of
VNIIMP, KemTIIP, and others are enriching foods
with vitamins (Antipovaet al., 2011; Audenaertet
al., 2010). For example, KemTIIP experts in
collaboration with scientists of the Institute of
Nutrition RAMS developed a technology to enrich
meat products with vitamins C, B1, B2, and PP,
which allows saving almost half of their activity
(Gabitov et al., 2019; Wang et al., 2013). In the
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neighboring countries, research is also being
carried out to introduce biotechnological
processes in the meat industry, which in their
direction coincide with the Russian ones. In
Belarus, technology has been developed for two
bacterial preparations: Acidolact and Lactobact
(liquid and dry) used as part of multi-component
brine for extrusion of beef products (Bonomo et
al., 2008).

In Kazakhstan, the Semipalatinsk Institute
of Meat and Dairy Industry created a composition
for producing a protein fortifier used in sausage
production (de Souza Barbosa et al., 2015;
Duskovaet al., 2016). In the Almaty branch of the
Dzhambul Technological Institute of Light and
Food Industries, a biological product of
decolorized sedimentary yeast used to enrich
sausages was obtained (Gabitov et al., 2018;
Konashovaet al., 2018).

Much attention is paid to the application of
biotechnological techniques in the meat industry
in far abroad countries. The directions there are
mainly focused on improving the quality of meat
products, intensifying production, creating new
types of products based on meat balanced in
chemical composition, environmentally friendly
directed actions, including therapeutic and
prophylactic purposes (Buchanan and Gibbons,
1994).

The main areas of application of
biotechnology in sausage production are the use
of biomass of microorganisms and preparations
based on them as a substitute for meat raw
materials, a source of vitamins, micro and macro
elements for the production of sausages,
increased nutritional value, producer of enzymes,
amino acids, flavorings, and colorings in order to
improve  technological processes, create
fundamentally new technologies, improve genetic
safety, lengthen the shelf life, improve the taste,
aroma and other values of product quality; the
use of immobilized enzymes, the advantage of
which is the possibility of their repeated use, the
increased stability, and duration of enzymatic
activity, the possibility of use in continuous
technological processes, the relatively short
exposure time to the substrate, the possibility of
creating multi-enzyme systems that are highly
effective and, finally, in hygienic safety (Holko et
al., 2013; Nesterenkoet al., 2018).

In recent years, in Romania, Italy, Bulgaria,
Switzerland, and other countries, the use of
molds for producing smoked sausages has
increased. It was noted that sausages with a
dense coating of white or gray mold on the shell

are better than without it. Swedish scientists have
developed a method for the production of minced
meat with improved properties. According to this
method, the meat is treated with a heat-sensitive
proteinase (Gizatovaet al., 2014). In the UK, it is
recommended to use two groups of enzymes in
the food industry. The first group includes
enzymes of animal and vegetable origin, and the
second — enzymes of microbial origin —
temporarily used (Ammor and Mayo, 2007). A
new direction is being planned in the fermentation
of meat. For improving the quality of meat,
enzyme preparations (papain) are introduced into
the blood of slaughtered animals immediately
before slaughter, which significantly improves the
meat grade. A mixture of papain and bromelin
can be used for salting beef (Casqueteet al.,
2011; Gizatov and Gizatova, 2015; Nesterenkoet
al., 2016; Rakhimovet al., 2018).

The problem of obtaining proteins from
non-traditional types of raw materials (bacteria,
fungi, yeast) to use them in meat products is
intensively worked in the USA, Great Britain, Italy
(llinaet al., 2017; Juntunen et al., 2001; Knolet al.,
2001). In the USA, dietary sausages are being
produced with the protein product Muco protein,
which is made from a filamentous fungus that can
double its volume in 2.5 hours (DuSkovéet al.,
2015). In Italy, yeast extract is used in the
production of cooked, liveried, semi-smoked, and
cooked smoked sausages. In Yugoslavia, studies
are being conducted on the use of brewer yeast
preparations as substitutes for sodium caseinate
and soy isolate in meat products (Argyriet al.,
2015).

For the production of dry sausages in the
hot season, foreign enterprises of Germany and
Italy use pure culture Pediococcus cerevisiae as
part of the recipe. According to the technology for
the preparation of sausages, a certain amount of
sugar is introduced, favorably affecting the
formation of a taste and aroma specific to this
type of product. The introduction of Pediococcus
cerevisiae reduces the production time of
sausages to 48 hours against 3-7 days required
for precipitation and 2-3 days for smoking
(Sydykova et al, 2019; Vladimirovha and
Borisovich, 2016; Zininaand Rebezov, 2016).

From the point of view of aroma formation,
the Danish Meat Institute's development, the
Moraxella phenylpyruvica culture, is of interest. It
is a psychrophilic culture — an optional anaerobic
that allows growing exponentially in the thickness
of the product and, as studies have shown,
producing substances that are precursors of
aroma. Along with native bacteria, such as
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Lactobacillus and Pediococcus, American
technologists include Micrococcus in starter
cultures, which can restore nitrates to nitrites,
improving the taste and color of finished
sausages (Karam et al., 2013). In Italy, when
studying sensory properties, strains of
Micrococcus sp., Lactobacillus bulgaricus were
used as test starter cultures (Adams and Mitchell,
2002). During the development of uncooked
smoked sausages, a new bacterial culture of
Lactobacillus pentosus was tested in the
research laboratory of R. Muller (Germany).
Many other cultures were used to compare the
effect of the technology:
Petrostreptococcusparubus, Lactobacillus
bulgaricus, Pediococcusacidilactici, as well as
their combination with Streptococcus carnosus.
Of all the microorganisms tested, the best results
were obtained with Lactobacillus pentosus. There
was a rapid decrease in pH, wich resulted in an
attractive color, soft-sour taste, and a pronounced
meat aroma of the obtained sausages (Martynov
et al., 2018). The aim of this study is to combine
the above microorganism strains to soften the
secondary collagen-containing by-products and
waste of the meat industry.

2. MATERIALS AND METHODS:

Meat and meat products are an excellent
source for the development of lactic acid bacteria.
They get everything they need from meat:
sources of carbon, nitrogen, vitamins, and
mineral salts. The meat's pH and humidity also
contribute to growth (Martynovet al., 2018). The
objects of study were: — fresh and frozen beef of
the highest, first and second grades according to
GOST 779 (llinaet al., 2017), model minced
meat, sausages obtained on its basis with and
without biotechnological processing methods; —
sturdy and low-grade collagen-containing raw
materials of the meat industry (beef flank, beef
veins, horse meat). Beef and horsemeat samples
for research were taken under GOST R 51447,
GOST 9792 (Antipova, 2001; DuSkovaet al.,
2015; Knolet al., 2001) after which they made a
combined sample and, denoting the name of the
sample, were wrapped in parchment. Processing
model minced meat with an ingredient such as
salt does not adversely affect the growth of lactic
acid bacteria, as most strains can withstand salt
concentration. The temperature has a definite
effect on the salt tolerance of lactic acid bacteria.
At optimal growth of temperatures, they resist a
salt concentration of up to 12%. Certain doses of

salt even stimulate growth (Martynovet al., 2018).

An essential parameter of the starter culture
quality is the suitability of the product, which
should be confirmed in the study. When
compiling a consortium of crops, it is necessary
to take into account the characteristics of the
product being produced, the temperature regime
of the product (Bulatet al., 2012; Ivanov et al.,
2018; Konashova et al., 2018). The temperature
should be maintained at an optimum level without
violating the boundaries. The most commonly
used thermophilic cultures are Str. thermophilus,
lac. bulgaricus, Las. lactis, Lbm. helveticus and
Lbm. acidophilus. In a broader sense, the Bifidus
group  (the  BifidobacteriumAtinomycetaceae
family) can be assigned to this group of
microorganisms (Bulatet al., 2012).

Like mesophilic organisms, thermophilic
biomass culture has antimicrobial properties due
to the inhibition of nutrients, low pH, the formation
of antibiotics, and other factors that have a
deterrent effect. When choosing, a number of
requirements were taken into account, including
those that are not harmful to the human body, a
high growth rate, and, therefore, cell
reproduction.

During the experiment, the growth activity
of lactic acid bacteria on various nutrient media
(meat peptone agar and meat peptone gelatin)
was studied in order to select strains with specific
properties and create consortia based on them
taking into account physiological and biochemical
characteristics. The suspension of cultures was
cultivated under sterile conditions in a box,
introduced into nutrient media in meat peptone
agar and meat peptone gelatin, and grown in a
thermostat at an optimum temperature of + 28°C
for growth.

The next stage of our research was to
study the growth of selected strains of lactic acid
bacteria on specific nutrient media: gelatin and
collagen gels, which were prepared by hydration
of gelatin and animal protein with meat broth in a
ratio of 1:5. During cultivation, pH, acidity, and
mass fraction of protein were determined by the
biuret method in a nutrient medium for 8 hours.
The macro morphological properties of the
consortium of lactic acid bacteria were studied in
order to search for optimal combinations and
concentrations of lactic acid bacteria in
association with each other and their effective
influence on the meat systems. The bacteria
Staphylococcus carnosus, Lactobacillus
bulgaricus, and Bifidumbacterinumsiccumwere
cultivated on a gelatin gel. When sowing on
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gelatin gel, the number of bacteria was taken into
account. The number of bacteria was not less
than 1-10” CFU/g. Before sowing on gelatin gel,
nutrient media were preliminarily prepared, and
then lactic acid bacteria were cultured in stages
in different combinations:  Staphylococcus
carnosus and Lactobacillus bulgaricus;
Bifidumbacterinumsiccum and Staphylococcus
carnosus, Lactobacillus bulgaricusand
Bifidumbacterinumsiccum in milk to identify the
nature of the biological interaction of our crops
and their growth rate.

Next, we studied the change in the
functional and technological properties (moisture-
binding capacity (MBC), water-holding capacity
(WHC), fat-holding ability (FHC), yield, emulsion
stability (ES) of minced meat from flank and
horsemeat upon salting with the addition of a
complex of lactic acid bacteria. All changes are
functional;  technological  properties  were
investigated according to established methods.

Moisture binding ability (MBC) was
evaluated by the pressing method. A sample of
muscle tissue of (0.30 + 0.01) g was weighed on
an analytical balance on a mug of polyethylene
with a diameter of 15-20 mm. It was then
transferred to an anesthetized filter with a
diameter of 9-11 cm, placed on a glass or
Plexiglass plate so that the hitch was under a
plastic circle. The hinge was covered with a plate
of the same size as the bottom. A load of 1 kg
was placed on it for 10 minutes. Then the filter
with a hitch was freed from the load and the lower
plate. A contour of the spot around the
compressed meat was outlined with a pencil. The
contour of the wet spot appears when the filter
paper dries in the air. The area of the spot formed
by adsorbed moisture was calculated by the
difference between the total area of the spot and
the area of the spot formed by the meat. The
area of spots formed by compressed meat and
adsorbed moisture was measured with a
planimeter. It was experimentally established that
1 cm? of the filter's wet spot area corresponds to
8.4 mg of water (Martynovet al., 2018).

For determining the mass fraction of total
moisture, a sample of tissue weighing (2.00 +
0.01) g was placed in a paper bag with a filter
paper insert and evenly distributed. Then it was
placed in a Chizhova apparatus (a high-
frequency device), preheated to (160 °C), and
dried for 3-5 minutes. After drying, the bag was
cooled and weighed with an accuracy of £ 0.1 g.
The contents of the bag were released, and the
bag was weighed. The results were recorded and
used in calculating the SCD of muscle tissue

samples.

Determination of water holding capacity
(WHC). A sample weighing (5.00 £ 0.01) g was
uniformly applied with a glass rod on the inner
surface of a wide part of the milk butyrometer.
The butyrometer was tightly closed with a stopper
and placed in a water bath at the boiling point
with a narrow part down for 15 minutes. The
calculated paths determined the mass of
released moisture by the number of divisions on
the butyrometer scale (Martynovet al., 2018).

When determining the WHC, the mass of
meat remaining in the butyrometer was found
with an accuracy of + 0.0001 g. The meat was
placed in a bottle and dried to a constant mass at
a temperature of 150 °C for 1.5 hours. After
drying, a weight of (2.0000 + 0.0002 g) was
placed in a porcelain mortar, where 2.5 g of fine
calcined sand and 6 g of a-
monobromonaphthalene were added. The
contents of the mortar were thoroughly triturated
for 4 minutes and filtered through a folded paper
filter. 3-4 drops of the test solution were uniformly
applied with a glass rod to the refractometer's
lower prism. The prism was closed, fastened with
a screw. A beam of light was directed using a
mirror onto the refractometer's prism, setting the
telescope so that intersecting filaments were
clearly visible. The pointer is moved until the
boundary between the illuminated and dark parts
coincides with the point of intersection of the
threads, and the refractive index is counted. At
the same time, the refractive index of mono-

bromo-naphthalene was determined. The
determinations were repeated several times
using average data in the calculation

(Konashovaet al., 2018).

For determining the stickiness (adhesion),
the minced meat sample was uniformly applied
on a polished metal plate with a uniform
thickness of 3 mm and pressed against the top
from the top with a second polished metal plate
with a 2 mm protrusion. Thus, an even layer of
minced meat with a thickness of 2 mm was
created between the plates. A load weighing 1 kg
was placed on the upper plate and connected to
a dynamometer. By increasing the force applied
to the dynamometer, they achieved separation of
the upper plate from the stuffing surface. At the
time of separation, the dynamometer readings
were recorded. The stickiness calculation p,
(N/cm?) was carried out according to the formula
(Martynovet al., 2018).

For determining the yield, samples of model
minced meat were prepared similarly to the
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determination of BCC. The prepared samples
were kept at a temperature from 0 to 4°C. After a
predetermined time, the samples were heat-
treated in a microwave oven for 15 minutes at a
100 W power, after which they were re-weighed.
The control was samples subjected to salting
without microbial treatment for 12 hours.

The pH of solutions and meat systems was
determined using the potentiometric method on a
universal pH-121 ionometer. A portion of each
meat sample weighing (10.00 + 0.02) g was
extracted with distilled water in a ratio of 1:10 for
30 min at (20 = 5) ° C, mixed and filtered through
a folded paper filter.

The determination of the mass fraction of
proteins in muscle tissue was carried out
according to the Kjeldahl method. The test
samples were ground. 0.2 g of collagen gel was
added to a Kjeldahl flask with a capacity of 50
cmd. Using a piece of glass, the sample was
lowered to the bottom of the flask. 1-2 cm?® of
concentrated sulfuric acid, 1 g of a mixture of
copper sulfate, and potassium sulfate as a
catalyst were added. The contents of the flask
were heated in a fume hood. When the mixture
turned brown, the flask was removed from the
heat, cooled at room temperature. 2-3 cm?® of
hydrogen peroxide solution with a mass fraction
of 30% was added, and heating continued until a
colorless mineralate was obtained. The latter is
used for the quantitative determination of protein
(Ammor and Mayo, 2007; Zininaet al., 2016).

The mineralate was cooled, quantitatively
transferred into a volumetric flask with a capacity
of 250 cm?3. The volume was adjusted to the mark
with distilled water. The contents were mixed. 5
cm® of the obtained mineralizate solution was
added to a volumetric flask with a capacity of 100
cmi. The volume was re-adjusted to the mark
with distilled water. For the color reaction, 1 cm?3of
the re-diluted mineralizate was introduced into
the tube, and 5 cm? of reagent 1 and 5 cm?® of
reagent 2 were added sequentially. The contents
of the tube were mixed. At the same time, a
control solution was prepared using a control
mineralizate (sample using distilled water). After
30 minutes, the optical density of the solutions
was determined on a red color filter photo electro
colorimeter. The measurement was carried out in
comparison with a control solution. The
determination of lactic acid content was carried
out by color reaction with para-oxydiphenyl.
Sample preparation: 10 cm? of trichloroacetic acid
solution with a mass fraction of 10% and 2-4 g of
minced meat were introduced into the mortar and
ground for 10 minutes. The resulting suspension

was transferred into a volumetric flask with a
capacity of 50 cm3, first using 20 cm?® of a
trichloroacetic acid solution with a mass fraction
of 10%, and then a few cubic centimeters of
distilled water. The flask was left for 30 min at
room temperature, shaking every 10 min, then
the volume was adjusted to the mark with distilled
water, the flask was closed with a stopper, the
contents were well mixed, transferred to
centrifuge tubes, centrifuged at a speed of 50 s
'for 10-15 min. The centrifuge was poured into a
dry flask, 25 cm?® of a clear liquid was taken,
transferred to a volumetric flask with a capacity of
100 cm?, and the volume was adjusted to the
mark with distiled water. Analysis: For
carbohydrates' precipitation, 1 cm® of a copper
sulfate solution with a mass fraction of 20% was
added to 2 cm? of the diluted centrifuge. Distilled
water was adjusted to 10 cm?® with water, pipetted
with water, or from a burette. 1 g of powdered
calcium hydroxide was added, shaken vigorously
and left resting for 30 minutes, shaken from time
to time, and then centrifuged. The centrifuge was
poured into a flask. For the color reaction, 1 cm?
of the centrifugate was transferred to a flask of
about 25x200 mm in size, 1 drop of a solution of
copper sulfate was added with a mass fraction of
4%, and placed in ice water. With stirring, 6 cm?3
of concentrated sulfuric acid was added from the
micro burette. The tube was placed for 5 minutes
in a water bath at the boiling temperature, and
then it was cooled in cold water to 20 °C. A vapor
solution—oxydiphenyl (0.1 cm®was added to the
tube, mixed very carefully, after which the tubes
were placed for 30 minutes in a water bath at 30
°C, occasionally slightly shaking. After this period,
the tube was placed in a strongly boiling water
bath for 90 s, then it was cooled in cold water,
and the color intensity was measured using a
spectrophotometer. The measurement was
carried out at a wavelength of 560 nm. The
thickness of the cuvette is 1 cm. A control
experiment with reagents was carried out starting
from the moment of carbohydrate precipitation.
Instead of 2 cm?® of the centrifugate of our
sample, we used 0.3 cm® of a solution of
trichloroacetic acid and 1.7 cm3 of distilled water.
We built a calibration graph. According to the
calibration graph, the concentration of lactic acid
in the volume of the solution taken for the color
reaction was found (Sarbatova et al., 2018).

Determination of shear forces. To do this,
turn on the PM-3 device with the VK toggle
switch. The handle leads the arrow of the device
to zero, and the holes in the plate of the working
body and the shifting clamp are combined. The
prepared meat sample is carefully placed in the
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formed cylindrical hole, and pressure plates with
a knife surface at the end are inserted into the
guides to cut off the excess meat and fix the
sample. By pressing the “Start” button, the drive
of the working body is set in motion, the shifting
plate of which produces a slice of the sample.
The force required to cut the sample is
transmitted to the strain gauge and, through the
strain gauge, is fixed in the form of a peak on the
tape of the potentiometer (Omarovet al., 2018).

3. RESULTS AND DISCUSSION:

In the process of cultivation on meat and
peptone agar, we studied morphology and carried
out a complete identification of the selected
strains of microorganisms. The choice was
limited to three species: Lactobacillus bulgaricus,
Bifidumbacterinumsiccum, Staphylococcus
carnosus. Lactobacillus bulgaricus and
Staphylococcus carnosus were selected because
of the fast growth during cultivation on different
nutrient media. Bifidobacteria are present in large
amounts in the intestinal microflora. Therefore,
Bifidumbacterinumsiccum was the third type of
bacteria to be selected.

When cultivated on meat peptone gelatin,
biochemical properties were studied by
determining microorganisms' proteolytic activity in
thinning the gelatin medium. It was found that
Lactobacillus bulgaricus and Staphylococcus
carnosus have greater proteolytic activity since
they liquefied gelatin on the 4th day of cultivation.
Bifidumbacterinumsiccum enzyme systems were
less active and thinned dense media only for 6
days at room temperature.

During the cultivation of Lactobacillus
bulgaricus, the pH of the collagen gel decreased
from 6.54 at the beginning of cultivation to 5.8
eight hours later after the beginning of cultivation.
The acidity accordingly increased from 35°T to
82°T, which indicates the intensive growth and

metabolism of the bacteria Lactobacillus
bulgaricus.
The growth and development of

Bifidumbacterinumsiccum were less active:
acidity increased from 36°T to 74°T, the mass
fraction of protein decreased from 1.51 to 1.09
mg/cm3, and the pH from 6.83 to 6.09. After
interpreting the obtained data, it can be
concluded that the biosynthetic activity of
Bifidumbacterinumsiccum and  Lactobacillus
bulgaricus is slightly different and has special
features.

During the cultivation of Staphylococcus
carnosus, the pH decreased from 6.61 to 5.9, and
the acidity increased from 65.3°T o 98°T. In
contrast to other lactic acid bacteria, the
proportion of protein increased from 1.5 to 1.62,
indicating a lower degree of protein hydrolysis in
the presence of Staphylococcus carnosus. The
data obtained are shown in figures 1, 2, 3.

[ L = LY R S R o R R )
| L L | | |

time

M lactobacillus bulgaricus M bifidumbacterinum siccum

O staphilococcus camnosus

Figure 1. pH values during the growth of lactic
acid bacteria on collagen gel

2 4 6 8
O lactobacillus bulgaricus O bifidumbacterinum siccum

time

W staphilococcus camosus

Figure 2. Acidity values of the medium during the
growth of lactic acid bacteria on collagen gel
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Figure 3. Values of the protein fraction of the
medium during the growth of lactic acid bacteria
on collagen gel

During cultivation on a gelatin gel, the pH
and mass fraction of protein was determined by
the biuret method, every two hours during the first
10 hours of cultivation. Simultaneously, 2 cm3 of
an alkaline protein extract was taken for analysis
and mixed with 15 cm?® of a biuret solution. A
control experiment was prepared similarly.

It was found that over this period, the pH
value decreased from 6.19 at the beginning of
cultivation to 5.8 at the end of cultivation. There
was also a decrease in the proportion of protein
from 0.45 mg/cm?® to 0.26 mg/cm3. The control
when measuring pH was an extract from the
minced meat without adding a consortium of
microorganisms.

The minced meat's functional and
technological properties, which were obtained,
are presented in Figures 4, 5.

2 4 6 8 10

time

OMBC, % mWHC, % BFHC, % mpH B Yield, % BES, %

Figure 4. Minced flank meat with the addition of
lactic acid bacteria complex
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2 4 6 8 10

time

OMBC, % mWHC, % OFHC, % EpH B Yield, % BES, %

Figure 5.Stuffedhorsemeatwiththeadditionof a
complexo-flactic-acidb acteria

The research results indicate a positive
symbiosis of the selected strains with the
preservation of all biochemical properties. The
formed consortium of lactic acid bacteria was
used in the processing of real objects: horse
meat, flank, and beef muscle tissue of the second
grade.

Connective tissue, which is connected with
muscle tissue and is organically part of the meat,
reduces its nutritional value: the utilization rate in
anabolism for connective tissue is three times
less than for meat. Besides, it increases its
rigidity. Therefore, the quality of meat depends
not only on the amount of connective tissue but
also on the ratio of elastin and collagen fibers,
their structure, and thickness.

Many researchers use one single pure
culture as a culture of microorganisms. Some
cultures are very rarely used in the consortium.
Microorganism cultures are mostly used only as
starter cultures to accelerate the production of
raw smoked sausages (Adams and Mitchell,
2002; Argyriet al., 2015; Audenaertet al., 2010;
Bonomoet al., 2008; DusSkovaet al., 2016; Gizatov
and Gizatova, 2015; Gizatovaet al., 2014; Holko
et al., 2013). In this regard, the superiority of
these studies is precisely the use of
microorganism cultures in the form of a
consortium and their use in the production of any
kind of sausages as not an accelerator, but a
softener of low-value meat raw materials.
Cocolinet al. (2009), De Souza Barbosa et al.
(2015), Juntunenet al. (2001), DusSkovaet al.
(2016) were developing the use of starter cultures
as additives to fermentable sausages. Selected
starter cultures (SAS) (i.e., Lactobacillus sakei
8416,Lactobacillus sakei4413, and L. sakei 8426,
L. Plantarum 7423 and L. curvatus 8427) were
used as starter cultures in addition to the control
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treatment in the production of fermented
sausages. SAS cultures had rapid growth, and
the randomness of the LAB population prevailed
throughout fermentation and maturation. A
process of improvement in sensory properties
was observed compared to the control sample.
Besides the treatment obtained with L. sakei
8416, all other SAS cultures prevented lipid
oxidation to below 1 mg malondialdehyde/kg.

The number of Micrococcaceae and the
redness of the sausages were not affected. The
acidification during the fermentation in the
treatment is performed with L. sakei 8416 and L.
sakei 4413. The values for L. sakei 4413 were
the lowest (* P <0.05), the content of all biogenic
amines compared with control, the decrease in
tyramine was 13%, tryptamine 55%, cadaverine
60%, and putrescine 72%. Sausages made with
SAS cultures of L.sakei 4413 and L. sakei8416
had the highest ratings for all sensory properties.
The results showed that the SAS culture of L.
sakei 4413 is the best starting culture for
fermented sausages (Andreevaet al, 2018;
Omarov et al., 2018). Several researchers are
involved in the use of starter crops in sausage
production (Adams and Mitchell, 2002; Cocolinet
al., 2009; Doulgerakiet al., 2012; Duskovaet al.,
2015; llinaet al., 2017;Juntunenet al., 2001;
Knolet al., 2001). To improve the food safety of
Chinese fermented sausages, starter cultures of
Lactobacillus sakeiaswere added to sausages,
and the effects on sausage quality were studied.
The results clearly showed that due to L. sakei
inoculation, lactic acid bacteria  quickly
dominated. In total, the microflora and growth of
foodborne pathogens such as E. coli and
enterobacteria was completely eradicated in
fermentable sausages. The pH of sausages
fermented through L. sakei significantly
decreased from 6.31 to 4.52, while spontaneous
fermentation decreased from 6.41 to 5.42. In
addition, the nitrite content of sausages
fermented by L. sakei quickly fell from 100 ppm to
9.6 ppm. Accordingly, spontaneous fermentation,
the nitrite content, slowly fell from 100 parts per
million to 32.1 ppm. After a sensory evaluation,
sausages fermented through L. sakei are
accepted with pleasure and are in high demand
with consumers. L. sakeivaccination was
beneficial for microbiological quality against the
growth of foodborne pathogens and contributed
to the depletion of nitrite and improved sensory
characteristics (lvanovet al., 2018).

In the cultivation process on GMK-1 nutrient
medium, we studied morphology and carried out
a complete identification of the selected

microorganism strains (Lactobacillus bulgaricus,

Bifidobacteriumsiccum, Staphylococcus
carnosus).
When identifying, it was noted the

differentiating features characteristic of these
types of microorganisms:

— for staphylococci, the cells are spherical,
gram-positive, motionless, the arrangement of
cells in the form of irregular clusters

— bifidobacteria are characterized by
straight or branched bacilli, bifurcated Y — or V —
forms, club-shaped or lap-shaped, gram-positive,
motionless.

— for lactobacilli long and thin to short,
straight, or curved gram-positive sticks.

During themicroscopic examination of
cultures under alight microscope,
microphotography of microorganisms' strains at a
magnification of 7x90 was carried out. It was also
revealed that during cultivation in the consortium
of the selected types of bacteria, growth inhibition
does not occur, which indicates the synergism of
microorganisms in relation to each other.

The number of cells of microorganisms was
also calculated. Counting was carried out from
the same crops. The number of microorganisms
was: Lactobacillus bulgaricus 394.0 105 CFU/g,
Bifidobacteriumsiccum  393.0 105 CFU/g,
Staphylococcus carnosus 396.5 105 CFU/g.

When cultivating Lactobacillus bulgaricus,
the pH of collagen gel decreased by 19%
compared to the initial value 24 hours after the
beginning of cultivation. The amount of
accumulated lactic acid was 27 mg%,; the degree
of protein hydrolysis was 17% of the initial value.
During the cultivation of Bifidobacteriumsiccum,
the pH decreased by 14%, the amount of lactic
acid was 20 mg%, the degree of hydrolysis of
proteins was 13% of the initial value. For
Staphylococcus carnosus, respectively, these
data were pH decreased by 15.8%, the amount of
lactic acid 30 mg%, the degree of hydrolysis of
proteins 19% to the initial, respectively.

The data obtained indicate that the selected
microorganism strains grow on a collagen gel, as
evidenced by the accumulation of lactic acid and
a decrease in pH, as well as the breakdown of
the protein of the collagen connective tissue,
which makes the meat stiff. As a result, there is
an accumulation of free amino acids and
polypeptides. At the same time, the selected
bacteria were cultured on a collagen gel in
various combinations: 1) Lactobacillus bulgaricus
+ Bifidobacteriumsiccum; 2) Staphylococcus
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carnosus +
Staphylococcus
Bifidobacteriumsiccum. During cultivation,
same values were determined as in
cultivation of each species separately.

Lactobacillus  bulgaricus;  3)

carnosus +
the
the

The research results showed that the
selected microorganism strains grow well on a
collagen gel with the intensive accumulation of
lactic acid with a decrease in pH, which indicates
the absence of antagonism between the selected
microorganism strains. In this case, gel proteins
are actively cleaved, which is ensured by the
presence of a high level of proteolytic activity.

An important factor in the application of the
created consortium of microorganisms is the
resistance of these types of bacteria to the action
of various temperature parameters used in the
production of meat products. For conducting the
study, a consortium of microorganisms was
activated for 12 hours in skim milk under sterile
conditions at an optimum microorganism growth
temperature of 30 °C in a thermostat. After
activation, a consortium was added to ground
beef at a temperature of + 4 °C, + 12 °C, + 20 °C,
+ 40 °C, + 80 °C. The temperature parameters
were chosen in accordance with the sausages
used in the technology. + 4 °C — temperature for
salting and ripening meat, + 12 °C — drying
temperature, + 20 °C — smoking temperature, +
40 °C - hot smoking temperature, 80 °C —
cooking temperature. The growth of
microorganisms was monitored by the dynamics
of titratable acidity of ground beef meat for 24
hours. During the study, it was found that at all
variants of the selected temperatures, except for
a temperature of 80 °C, titratable acidity of
ground beef increases, which indicates the
development and consortium of microorganisms.
At 80 °C, changes in acid formation were
practically not observed, which indicates the
death of microorganisms.

Assessment of the growth ability and
manifestations of the biochemical activity of the
created consortium of lactic acid bacteria on real
objects to the most significant functional and
technological properties of meat systems:
moisture-binding, the moisture-holding ability of
meat raw materials, its stickiness, especially in
sausage technology. It was interesting to study
the effect of raw meat's fermentation on the
numerical values of these values. In the process
of traditional salting, a gradual increase in MBC
occurs, which stabilizes over time. A study of the
influence of a consortium of microorganisms
showed that their use in the salting process leads
to insignificant (3-8%) and stable growth of MBC

during salting time for all three types of minced
meat. When using a traditional way of salting, the
nature of the dependence can be explained by
the fact that during the initial stages of hydrolysis,
the formation of hydrolysis products of protein
molecules occurs due to the proteolytic activity of
microorganisms included in the consortium,
which leads to an increase in the number of
readily available charged groups that can hold
water. With deeper hydrolysis, oligopeptides, and
free amino acids accumulate, which are not
known to be capable of efficiently binding water.
The results obtained during salting with the
addition of microorganisms are obviously
associated with an increased intensity of the
action of microorganisms on the connective
tissue proteins of minced meat raw materials.
Obviously, these results in the accumulation of a
large number of readily available charged groups,
and lactic acid bacteria assimilate the formed
amino acids during the life process. The water-
holding capacity (WHC) of raw materials is the
most critical indicator for meat products subjected
to heat treatment with traditional salting. A sharp
increase in WHC in the first hours of salting
occurs.

The maximum WHC values are achieved
after 2 hours of processing for minced meat from
horse meat and muscle tissue of beef, 4 hours —
for minced meat from the beef flank, after which
the WHC values decrease. When using
consortia, a smooth increase in the WHC occurs
during the first 4-6 hours, and then a slight
decrease in the WHC occurs, and the final values
when using a consortium of microorganisms for
all types of minced meat are significantly higher
than with traditional salting without adding a
consortium of microorganisms. Such results
indicate the synergistic (mutual reinforcement)
action of a consortium of microorganisms and salt
in the process of salting.

In scientific studies, Adams and Mitchell
(2002), Bonomoet al. (2008), Cocolinet al. (2009),
it was revealed that after three days of product
storage, the number  of  thermophilic
streptococcuswas 1.3-10” CFU/g. When storing
the product, the total number of microorganisms
with different microbial contamination of the meat
component remained at the same level within
seven days, 1.102 CFU/g. According to the
results of these studies, three days after
development, the number of lactic acid and
bifidobacteria cells was 1-108 CFU/g, on the
seventh day of storage, it was 1.4-10% CFU/g and
remained at that level.

The use of our complex of lactic acid
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bacteria both to the flank and to horse meat and
beef muscle tissue leads to an increase in the
values of functional and technological properties
such as MBC, WHC, as well as to a decrease in
the pH of the environment, which is important
when producing meat and sausage products. It
should be recognized that the processing of raw
meat with lactic acid and bifidobacteria is
effective and economically feasible since salting
time is halved during the addition of lactic acid
and bifidobacteria. The nature of the action of the
consortium of microorganisms allows us to
recommend it for use with the goal of softening,
improving the quality of raw materials in the
technology of a wide range of meat products with
different ratios of muscle and connective tissue.

The developed product, enriched with
consortiums of microorganisms, will have a
positive effect on human health. It will contribute
to economically and rationally use the most
important food resources. Using selection
methods opens up the possibility of obtaining
products with valuable characteristics (original
taste, aroma, right color consistency). It is
assumed that the resulting race can severely
suppress the harmful microflora that grows in
meat products.

5. CONCLUSIONS

The macro morphological and biochemical
properties of microorganisms were studied during
the research: Lactobacillus bulgaricus,
lactobacillus casei, Staphylococcus carnosus, as
well as their synergism on various nutrient media,
including collagen gel. The laws of growth and
changes in the biochemical properties of strains
were established. The selection of strains for
creating a consortium was justified. The
consortium's influence on the functional and
technological properties of the biomodified model
minced meat from horse meat, flank, and beef
grade Il was studied.

The analysis of the obtained results proves
that, against the background of a positive
symbiosis of the selected strains, it was possible
to create a consortium of microorganisms with
preserving all biochemical properties. The
addition of the studied consortium of wet
organisms to both flank and horse meat
increased the functional and technological
properties such as MBC, WHC, FHC, Yield, ES,
as well as to lower the pH of the medium, which
is not unimportant in the production of meat and

sausages. The results of these studies,
compared with analogs, are in a more
advantageous position since the use of the
obtained consortium in the production of meat
products allows not only accelerating the
maturation of minced systems but also makes it
possible to use low-value meat raw materials in
production by increasing the grade of low-grade
raw materials in the fermentation process.

Sausages produced using this technology
have functional properties as they are rich in
mineral matters (calcium 98.75 mg, sodium 9.07
mg, magnesium 33.85 mg, iron 1.27 mg,
respectively) B vitamins 2.8 mg%. The economic
effect of the use of a consortium of
microorganisms in the technology of sausage
production consists of a reduction in terms of
salting and replacement of the main raw
materials and amounts to 3875.26 rubles per ton
of the finished product.
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