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Abstract

One of the main requirements for modern technologies is to expand the range of meat products by
creating combined products with a balanced composition of food and biologically active substances.
The purpose of the study was to develop a technology for the production of such combined meat
products. The research used secondary meat raw materials of the meat processing industry: horse meat,
flank and other beef muscle tissue of the second grade, which, after fermentation by a consortium of
microorganisms consisting of the following cultures: Lactobacillus bulgaricus, Bifidumbacterium siccum,
Staphilococcus carnosus, were used instead of the main meat raw materials in the production of sausages.
The following indicators of ready-prepared products were studied: organoleptic properties, chemical,
vitamin and mineral composition, toxicity and harmlessness, storage duration. The results showed
that the use of this consortium of microorganisms in the production of sausage products made it
possible to use secondary collagen-containing raw materials for processing. The positive influence of
the proposed biotechnological method of processing meat raw materials on the organoleptic, physical-
chemical, structural-mechanical, microbiological characteristics and biological value of the finished
product was revealed. It was found that the use of a consortium of microorganisms increased the
quality of finished products. In addition, the proposed technology has the potential to reduce the cost
of production and increase the share of waste-free production in the meat processing industry.

Keywords: Collagen-containing raw materials; Biomodification; Combined meat product; Lactic Acid
bacteria

1 Introduction

Currently, in the meat industry, it is possible to
produce new types of combined meat products
with a balanced composition for both general and
special medical and preventive purposes on the

basis of biotechnology (Gabitov et al., 2018; Giz-
atov & Gizatova, 2015; Lamanov et al., 2020;
Sultanova et al., 2019). Improving the methods
of enzymatic processing of low grade meat raw
materials can improve the functional and techno-
logical properties, as well as the quality indicat-
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ors of ready-prepared products (Antipova et al.,
2011; Antipova et al., 2015; Armuzzi et al., 2001;
Coton et al., 2012; Fletcher, 2002; Wang et al.,
2013).
The traditional field of application of low-grade
meat raw materials is canning and sausage pro-
duction. Canned meat and sausages, saveloys,
boiled and boiled-smoked sausages are the most
popular meat products, primarily due to their
low cost. However, the use of low-grade raw ma-
terials in the process of their production leads
to a significant decrease in the quality of the
finished product. For example, even hard heat
treatment in the production of canned food does
not get rid of hard connective tissue inclusions,
with a negative impact on the consistency of the
finished product. In the production of cooked
and smoked sausages, where heat treatment is
carried out in relatively mild conditions, this dis-
advantage is even more noticeable.
Taking into account the results of published re-
search, it can be assumed that the most prom-
ising areas in the creation and use of microbial
consortia are:

� processing of raw meat with a high content
of connective tissue (low-grade) to reduce its
stiffness, improve functional and technolo-
gical properties in the process of processing,
increase organoleptic parameters;

� acceleration of the process of maturation
and salting of meat raw materials.

Production of functional products using a con-
sortium of microorganisms can be implemented
at any meat processing plant without the costs of
significant capital investments for re-equipment.
Full implementation of the proposed technolo-
gies will expand the range of functional products
against the background of a shortage of dietary
protein. Considering the traditional techno-
logical schemes for the production of cooked
sausages, saveloys and sausages (for example,
”Steppe”), it is obvious that the consortium
of microorganisms must be introduced at the
stage of salting of the raw materials. This
solution is optimal, since it ensures the growth
of microorganisms within 8 hours, during which
time the complete distribution of microorgan-
isms occurs, which significantly increases the

efficiency of the consortium. It is recommended
that the process of producing products using
a consortium of microorganisms is organized
according to the following technology. To obtain
products (Antipova & Uspenskaj, 2016) that are
in demand by the population, it is necessary to
select such a ratio of components so that the
products have a high nutritional and biological
value, and an attractive presentation.
In Italy, Micrococcus sp., Lactobacillus
plantarum strains were tested to study the
organoleptic properties of dry sausages as
starter cultures. In England, Lactobacillus and
Micrococcus starter cultures are used in the
ratio 50:50 for the production of fermented
Lefkas-type sausages (Sufiyanova et al., 2012).
Several other crops were used to compare
the technological effects: Petrostreptococcus
parubus, L. plantarum, Pediococcus acidilactici,
as well as their combinations with Streptococcus
carnosus MIII. In all variants of microor-
ganisms tested, the best results are obtained
with Lactobacillus pentosus. The effect was
expressed as a rapid decrease in pH, obtaining
a sausage of an attractive colour, a mildly
sour taste and a well-pronounced meat aroma
(Digaitiene et al., 2012). Optimal variants for
organoleptic parameters were obtained using
a mixed starter containing 90% S. carnosus
and 10% L. plantarum, in particular in the
production of Turkish smoked sausages (Anti-
pova & Uspenskaj, 2016). The role of starter
cultures L. plantarum 4045, Staphylococcus
sp., L. plantarum 4045 + Micrococcus 12 and
L. plantarum 4045 + Staphylococcus sp., and
endogenous meat enzymes in the process of
lipolysis in dry fermented sausages was studied.
Samples with L. plantarum had the lowest pH
rates, but the content of free fatty acids was
higher in the inoculated samples compared to
the control ones as mainly endogenous meat
enzymes play an important role in the process
of lipolysis (Hatakka et al., 2001).
The purpose of this study was to develop func-
tional products from biomodified low-grade raw
materials using consortia of microorganisms.
Within the framework of this goal, we had the
following objectives:

� to study the cultural properties of the selec-
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ted microorganisms (i.e. Lactobacillus bul-
garicus, Bifidumbacterium siccum, Staphilo-
coccus carnosus);

� to study the biochemical properties of the
selected microorganisms and the synergy of
microorganisms in the consortium;

� to study the functional and technological
properties of model minced meat from low-
grade raw materials with the addition of a
consortium of microorganisms;

� to develop recipes and production techno-
logies for functional products based on bio-
modified secondary raw materials.

The influence of the consortium on the func-
tional and technological properties of biomodi-
fied model minced meat from horse meat, flank
and other beef of second grade was studied. The
technological scheme of production of functional
probiotic sausages using a consortium of microor-
ganisms was described and the quality of finished
products was assessed.

2 Materials and Methods

2.1 Sausage production
technology

In order to determine the competitiveness of new
products in the consumer market, their nutri-
tional and biological value, a comprehensive as-
sessment of their properties was carried out. The
following product indicators were studied: organ-
oleptic; chemical, vitamin, mineral composition;
microbiological indicators; storage duration.
Samples of beef and horse meat for research were
selected according to All Union State standard
R 51447, All Union State standard 9792 (Fisc-
her, 2007; Fletcher, 2002; Knol et al., 2001) after
which they were made into a combined sample
and wrapped in parchment labelled to identify
the sample. For the production of sausages in
addition to raw meat, we used skimmed cow milk
according to All Union State standard 10970;
flour according to All Union State standard
26574, not lower than first grade; Staphylococ-
cus carnosus (bacterial concentrate freeze-dried)

according to Commodity Specification 9229-074-
04610209; L. bulgaricus (No. 8P-A3 bacterial
concentrate freeze-dried in culture medium with
the addition of protective sucrose-gelatose-dairy
medium) produced by FSUE “SPU” “Microgen”
of Ministry of Health, RF, branch in Perm “the
Perm SPU “Biomed”; Bifidobacterium siccum
(No. 1, 791, LVA-3, bacterial concentrate freeze-
dried in culture medium with the addition of
protective sucrose-gelatose-dairy medium) pro-
duced by FSUE “SPU” “Microgen” of Ministry
of Health, RF, branch in Perm “the Perm SPU
“Biomed”; food additives - carrageenan GPI
200, GPI 521 obtained for imports and approved
for use by State Sanitary and Epidemiological
Surveillance Agency of Ministry of Health of
the Russian Federation; salt according to All
Union State standard R 51574 not lower than
first grade; hen eggs according to All Union
State standard 27583; drinking water by Sanitary
Regulations and Standarts 2.1.4.1074; extracts
of spices according to Commodity Specification
9169-032-04801346; sodium nitrite according to
All Union State standard 4197.
Grinding of raw meat for sausages was carried
out using traditional technology. The meat was
ground through a perforated plate with hole dia-
meters of 2-3 mm. A leaven of a consortium
of microorganisms in the amount of 1ml/ 100 g
of raw material was introduced into the ground
flank and beef veins. After that, the veins and
the flank were separately mixed with table salt
in a minced meat mixer. The duration of mix-
ing was 4-5 minutes. Salted raw meat was kept
at a temperature of 0-4 oC for 6-12 hours, de-
pending on the type of sausage. After matur-
ation, fine grinding was performed on a cutter
for 6-8 minutes with the addition of the remain-
ing components of spices according to traditional
technology. The filling of the casings was car-
ried out with a syringe. Polyamide shells were
used. Further, heat treatment was performed
in heat chambers. Due to the use of polyamide
shells, roasting was excluded from the technolo-
gical scheme. In heat chambers, sausage loaves
were initially kept at a temperature of 60-65oC
for 20 to 40 minutes, and then steamed at a tem-
perature of 80oC, until they reached 72oC in the
centre of the loaf. After cooking, the sausage was
cooled with cold water for 5-10 minutes to a tem-
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perature no higher than 8oC. Storage time never
exceeded 30 days at a temperature of 2-6oC.

2.2 Determination of meat pH
and protein content

The pH value of solutions and meat systems was
determined by a potentiometric method using
a universal pH-121 ionometer. Each sample of
meat weighing 10.00±0.02 g was extracted with
distilled water in a ratio of 1: 10 for 30 minutes
at 20±5 oC, mixed and filtered through a folded
paper filter. Determination of the mass fraction
of proteins in muscle tissues was performed using
the Kjeldahl method. 0.2 g of collagen gel was
added to the Kjeldahl flask with a capacity of
50 cm3. The samples were crushed, then using a
piece of glass, the suspension was lowered to the
bottom of the flask.1-2 cm3 of concentrated sul-
furic acid was added, followed by 1 g of a mixture
of copper sulphate and potassium sulphate as a
catalyst. 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, added 2-3 cm3 of hydrogen
peroxide solution with a mass fraction of 30%
and continued to heat until a colorless solution
was obtained. The latter was used for quantit-
ative determination of protein (Ammor & Mayo,
2007; Zinina et al., 2016).
The hot sample was cooled, quantitatively trans-
ferred to a volumetric flask with a capacity of 250
cm3, the volume was brought to the mark with
distilled water, and the contents were mixed. 5
cm3 of the resulting mineralized sample solution
was added to a measuring flask with a capacity of
100 cm3, and the volume was re-adjusted to the
mark with distilled water. To conduct a colour
reaction, 1 cm3 of the secondarily diluted miner-
alized sample was introduced into the test tube
and 5 cm3 of reagent 1 and 5 cm3 of reagent 2
were added sequentially, the contents of the test
tube were mixed. At the same time, a control
solution was prepared using a control mineralized
sample (a sample using distilled water). After
30 minutes, the optical density of the solutions
was determined using a photoelectrocolorimeter
with a red light filter. The measurement was per-
formed in comparison with the control solution.

Determination of lactic acid was carried out by
colour reaction with para-oxydiphenylene (Digai-
tiene et al., 2012).

2.3 Sausage quality evaluation

10 cm3 of trichloroacetic acid solution (10% w/v)
and 2-4 g of minced meat was added to the mor-
tar and dispersed using the pestle for 10 minutes.
The resulting suspension was transferred to a
volumetric flask with a capacity of 50 cm3, us-
ing first a 20 cm3 solution of trichloroacetic acid
(10% w/v), and then a few cubic centimeters of
distilled water. The flask was left for 30 minutes
at room temperature, shaken every 10 minutes,
then the volume was brought to the mark with
distilled water, the flask was closed with a cork,
the contents were mixed well, transferred to cent-
rifuge tubes, and centrifuged with a rotation
speed of 50 s−1 for 10-15 minutes. The super-
natant was drained into a dry flask, 25 cm3 of
clear liquid was taken, transferred to a 100 cm3

volumetric flask, and the volume was brought to
the mark with distilled water. Analysis: to pre-
cipitate carbohydrates, 1 cm3 of copper sulphate
solution (20% w/v)was added to 2 cm3 of the
diluted supernatant (distilled water was added
using a pipette or burette to bring the volume of
the liquid to 10 cm3., ; 1 g of powdered calcium
hydroxide was then added followed by vigorous
shaking and left to stand for 30 minutes, shaking
from time to time, and then centrifuged. The
supernatant was poured into a flask. To perform
the colour reaction, 1 cm3 of the supernatant was
transferred to a tube of about 25x200 mm in size;
1 drop of copper sulphate solution (4% w/v) and
the tube was placed into ice water. Whilst stir-
ring, 6 cm3 of concentrated sulphuric acid was
added from a microburette, the test tube was
placed for 5 minutes in a water bath at a boil-
ing point, and then cooled in cold water to 20oC.
0.1 cm3 of the vapour - oxidiphenyl solution was
added to the test tube, mixed very carefully and
thoroughly, and then the test tubes were placed
for 30 minutes in a water bath at 30oC, with oc-
casional gentle shaking. After this period, the
test tube was placed in a vigorously boiling wa-
ter bath for 90 seconds, then cooled in cold wa-
ter and the colour intensity was measured using
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a spectrophotometer at a wavelength of 560 nm
In 1 cm cuvettes. The control with only the re-
agents was carried out after precipitation of car-
bohydrates, which was used instead of 2 cm3 of
our sample centrifugate of 0.3 cm3 of a solution
of trichloroacetic acid and 1.7 cm3 of distilled
water. The A calibration curve was made using
lactic acid standards. (Antipova et al., 2001).
To determine the amino acid composition, the
products were first hydrolyzed with hydrochloric
acid at a concentration of 6 mol / dm3. The
amino acid composition and the content of free
amino acids were determined by ion exchange
chromatography in an automatic amino acid ana-
lyzer AAA T-339 (Czech Republic) (Antipova et
al., 2015). Amino acid separation was performed
on an analytical column filled with an ion ex-
change resin Ostion LGFA with step-by-step elu-
tion with three sodium citrate buffers with differ-
ent pH values (3.50; 4.25; 9.50). Peaks of light
absorption in the eluate from the column were
used to detect the presence of individual amino
acids in the hydrolysate, as judged by the loca-
tion of the peaks, and their quantitative content
determined by the area of the peaks.
The fatty acid composition was determined
by gas-liquid chromatography (Antipova et al.,
2015) followed by GC-MS-C analysis (liquid
chromatography-mass spectrometry-computer).
Identification and quantitative determination of
methyl esters of fatty acids using a Varian-
3400 chromatograph with FID detector; column
length of 25 m, internal diameter of 0.25 mm.
Gas carrier: nitrogen; flow rate: 1.18 cm3 / min.
The temperature of the injector and detector was
250 and 300oC respectively. Rate of temperature
rise was from 150 to 300oC/min.
Determination of iron was done by colorimet-
ric method that changes the colour intensity of
divalent iron with orthophenanthroline according
to All Union State standard 26928 (Rakhimov et
al., 2018).
The content of mineral substances (trace ele-
ments) was determined by the atomic absorption
method on an atomic absorption spectrophoto-
meter, as well as by the calculation method (An-
tipova et al., 2015; Gabitov et al., 2019). For the
determination of calcium and magnesium, tri-
lonometric methods were used (Antipova & Us-
penskaj, 2016). Phosphorus was determined by

the colorimetric method using a molybdenum-
vanadium reagent (Sydykova et al., 2019).
The mass fraction of vitamins was determined ac-
cording to generally accepted methods, as well as
the calculated method (Antipova & Uspenskaj,
2016; Gavrilova et al., 2019; Sydykova et al.,
2019; Zinina et al., 2016). Vitamin B1 (thiam-
ine) by a fluorimetric method; vitamin B2 (Ri-
boflavin) by a fluorimetric method (luminoflavin
variant), vitamin PP (Niacin) by a colorimetric
method.
Determination of toxic elements: mercury was
determined according to All Union State stand-
ard 26927, arsenic according to All Union State
standard 26930, lead according to All Union
State standard 26932, cadmium according to All
Union State standard 26933 (Andreeva et al.,
2018; Nesterenko et al., 2018).

2.4 Express Biotest

The determination of safety and biological activ-
ity used a method with the test culture Para-
mecium caudatum a free-living, easily cultured
single-celled organism. The Express Biotest re-
acts quite sensitively to the active substances
contained in the test samples, and reflects their
reaction to the viability of the body. The activ-
ity of the test organism’s vital processes depends
on the quality and quantity of the food sub-
strate. The sample was dried at a temperat-
ure not higher than 30 oC to a constant mass.
Then 10 g of suspension, crushed if necessary,
was sifted through a 72 mesh sieve into a dish
to obtain particles of no more than 225 microns.
Three samples of 1 g were taken from the dish
and 10 ml of distilled water was poured in. The
mixture was kept for 24 hours, shaken 2-3 times,
and centrifuged. For further work, we used the
supernatant that represented a dilution of the
test sample of 1: 10.
Express Biotest included three stages:

Stage I assessment of the biological activity of
the samples. 9.9 ml of infusory culture was
poured into test tubes. The control sample
was filled with 0.1 ml of distilled water. The
one with active culture was filled with 0.1
ml of decanted fluid of prepared test sample
giving a dilution of 10−3. Serial dilutions
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of 10−4, 10−5 and 10−6 were then made.
The state of the infusoria was evaluated
after 0.5, 1.0, 3.0, 6.0 and 24.0 hours of cul-
tivation at 25 oC, determining the number
and nature of infusoria movements accord-
ing to the following criteria: ID – indiffer-
ence – cells made uniform Brownian move-
ments; BA – bioactivity – cell movements
were changed (BC – biocidality, toxic effect:
BC-50 – 50±10% of cells died, BC – 100 –
90±10% of cells died (when diluted 10−3 –
the object had a weakly toxic effect; 10−4

– medium toxic effect; 10−5 – strong toxic
effect; 10−6 – very strong toxic effect).

Stage II assessment of the biological activity of
the samples by the method of resolving in-
fluence. The essence of the method was to
identify the biological effect of a sample on
the mechanism of adaptation and resistance
of the cell using an additional enabling ad-
verse factor. The work used a culture of
infusoria from the first stage, which was in
contact with different concentrations of the
sample under study for 24 hours. The study
consisted of determining the time of death of
100% of cells under the action of 8% sodium
chloride solution.

Stage III assessment of the biological activ-
ity of the samples based on the intensity
of reproduction of Paramecium caudatum.
A culture of infusoria in the exponential
growth phase was added to the prepared
samples. The density of the inoculate was
determined. Then they were cultured for 3
days at 25 oC. At the end of the cultiva-
tion time, the density of the inoculate was
determined. The index of reproduction in-
tensity at = 1,000 ± 0.100 showed that the
object was not biologically active, at > 1,000
± 0.100 – the object stimulated cell repro-
duction, at < 1,000 ± 0.100 – the object in-
hibited cell reproduction. The value of the
index of reproduction intensity in combina-
tion with the concentration of a given object
in the medium characterized the degree of its
influence on the reproduction mechanism.

2.5 Organoleptic evaluation

Before conducting an organoleptic evaluation,
tasters (five untrained people, without any spe-
cial selection) were familiarised with the object-
ives of the tasting and the requirements of reg-
ulatory documentation for the quality of the
products being evaluated. Samples of products
were presented for tasting in the following or-
der: first of all, products with a weakly ex-
pressed smell or subtle aroma, less salty and
spicy were evaluated; then products with a mod-
erate smell (aroma) and salinity; after that,
products with a strong smell (aroma), salty and
spicy. A 10-point scale was used in all sensory
assessments. Last of all, in each group of sim-
ilar products, products were evaluated heated
(sausages, saveloys, shpikachki, etc.) or heat-
treated (ready-to-eat products, pelmeni, chops
and other semi-finished products); the order of
their presentation was also determined by the
degree of intensity of the smell (aroma) and
taste. Indicators of the quality of meat and meat
products were determined on the whole (uncut)
one firstly, and then on the cut product. An
organoleptic evaluation of a whole product was
performed on a single product unit. Quality in-
dicators of the whole product were determined in
the following sequence:

1. appearance, colour and surface condition -
visually, by external inspection;

2. smell (aroma) - on the surface of the
product. If it was necessary to determine
the smell in the depth of the product, a spe-
cial wooden or metal needle was taken, in-
serted into the thickness, and then it was
quickly removed and determined the smell
remaining on the surface of the needle;

3. the consistency - pressing with a spatula or
fingers.

The quality indicators of the cut product were
determined in the following sequence:

1. before the assessment, meat and meat
products were removed from consumer pack-
aging, shell and twine (clips), bones were
removed (if any) and using a sharp knife,
it was cut into thin slices perpendicular to
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the surface of the product, so as to ensure
the characteristic appearance and pattern of
this product along the cut;

2. colour, appearance and pattern on the sec-
tion, structure and distribution of ingredi-
ents was determined visually on the newly
made transverse and longitudinal sections of
the product;

3. smell (aroma), taste and juiciness was as-
sessed by testing slices of meat and meat
products. This determined the odour
(aroma) and taste (the degree of intens-
ity of salty, sour, sweet, bitter taste, etc.);
the strength of fragrant spices, fermenta-
tion and smoking; the presence or absence
of foreign smell and/or taste, aftertaste; d)
consistency - pressing, and cutting, a chew-
ing. Consistency was determined by assess-
ing the density, looseness, tenderness, stiff-
ness, crumbling, elasticity and mass uni-
formity. The aroma, taste, juiciness of saus-
ages, saveloys and shpikachki was determ-
ined hot, for which they were lowered into
warm water at 50 oC to 60 oC and brought
to a boil. The juiciness of these hot sausages,
saveloys and shpikachki in a natural cas-
ing was determined by making a puncture.
Where punctured, a juicy sample produced
a drop of liquid. After conducting an organ-
oleptic evaluation of 7 to 8 samples a break
was taken for at least 10 minutes. Products
were evaluated according to a point system
- for compliance of quality indicators with
the requirements of regulatory documenta-
tion (Antipova et al., 2001).

3 Results

The initial stage of development of sausage pro-
duction technology was the selection of the op-
timal combinations and concentration of the con-
sortium of microorganisms. The consortium of
microorganisms included strains of the follow-
ing types of microorganisms: L. bulgaricus 354.0
x 105 CFU/g, Bifidobacterium siccum 290.0 x
105 CFU/g, Staphylococcus carnosus 400.5 x 105

CFU/g.

To activate the cultures of microorganisms,
skimmed milk was used, which was autoclaved
at 0.5 atm for 20 minuntes before use. The
amount of the microbial consortium ferment in-
troduced into the sausage mince was determined
experimentally by changing the pH values of the
medium and the stickiness of the model minced
meat. The results of the studies are shown in
Figures 1 and 2.
The results of the pH study showed that the
minimum and maximum concentrations of mi-
croorganisms in the consortium affected the res-
ults negatively; the effect of lowering the pH of
raw meat was not achieved at low concentrations,
whereas with the highest concentrations the pH
decrease was too great, which would lead to the
acidification of the meat. Therefore, the optimal
value was 1 ml/100 g. The results of previ-
ous experimental studies have shown that the
action of microorganisms increased significantly
the stickiness of minced systems (Armuzzi et al.,
2001). In the presence of a consortium of mi-
croorganisms, the growth of the adhesive ability
was somewhat faster, and achieved higher max-
imum stickiness values (2.6 -2.7 N / cm2, depend-
ing on the type of minced meat). An increase
in the duration of exposure (more than 8 hours)
led to some stabilization of the growth of sticki-
ness), which was probably due to the formation
of low molecular weight proteolysis products that
do not have a high adhesive ability.
According to physical and chemical parameters,
the cooked products met the requirements spe-
cified in Table 1.
In terms of organoleptic characteristics, the new
products were not inferior to the traditional
ones. The decrease in the proportion of con-
nective tissue proteins had a positive effect on
the organoleptic characteristics of the finished
product (Tables 2 and 3), primarily the consist-
ency. There was a decrease in stiffness, increased
tenderness, and improved chewability. The accu-
mulation of free amino acids enhanced the taste
qualities of the experimental samples.
Differences in the structural and mechanical
parameters of control and experimental samples
of sausages (Table 4).
Paramecium caudatum test was used to test the
toxicity and harmlessness of the resulting cooked
products. (Tables 5 and 6).
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Figure 1: Change in the pH of the medium from the concentration of the consortium of microorganisms.

Figure 2: Dynamics of changes in the stickiness of model minced meat according to the concentration
of the consortium of microorganisms.
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As reported in Table 6, samples did not have
any negative effect on the culture of the Para-
mecium caudatum. When the sausage extracts
were diluted from 10−4 up to 10−6 there was no
reduction in the viability of the test culture and
the index of its biological activity. Thus, saus-
age products using low-value raw materials and
with the addition of a consortium of microorgan-
isms did not show toxicity as assessed by Express
Biotest.

4 Discussion

During the development of the production tech-
nology, the optimal amount of microorganisms
introduced by the consortium into the sausage
meat was selected. The optimal amount was 1
l / 100 kg of minced meat. Production of saus-
ages was carried out according to the traditional
technology using second grade meat raw materi-
als. According to physical and chemical paramet-
ers, the cooked products met the requirements
for these types of sausages. In terms of organo-
leptic characteristics, new products were not in-
ferior to traditional ones. The decline in the pro-
portion of connective tissue proteins had a be-
neficial effect on the organoleptic properties of
final products, primarily on consistency (Cheng
& Sun, 2008; Holko et al., 2013; Karam et al.,
2013) in terms of the marked reduction of rigid-
ity, increased tenderness and improved chewabil-
ity. The accumulation of free amino acids en-
hanced the taste qualities of the experimental
samples. When producing food, special atten-
tion should be paid to safety, i.e. the absence of
substances or concentrations of substances that
can cause toxicity in the product. It was found
that samples of products did not have a negative
effect on the culture of Paramecium caudatum.
The use of ciliated infusoria to assess the tox-
icity of human food is based on the fact that the
infusoria has a number of enzyme systems sim-
ilar to higher animals, as well as an acid-base
type of digestion. In the presence of toxins, in-
fusoria die. The advantage of the method is the
speed of their implementation, good reproducib-
ility and sensitivity, and low cost. The toxicity of
finished products was determined by the safety
of all infusoria after 24 hours, by its effect on the

mechanisms of adaptation and resistance of cells,
and by the intensity of reproduction of infusoria
after cultivation at 25 oC for 3 days.
The use of the complex of lactic acid bacteria in
the production of sausage products should be re-
cognized as effective and cost-effective, since in
the process of adding lactic acid and Bifidobac-
teria, the salting time was reduced and the low-
value meat raw materials were softened. The
nature of the action of the consortium of mi-
croorganisms allows the developed technology to
be recommended for introduction into produc-
tion in order to obtain combined and balanced
sausage products.
Similarly, Baka et al. (2011) developed the use
of starter cultures as additives to fermented
sausages. Thus, the selected starter cultures
(i.e. Lactobacillus sakei 8416, Lactobacillus sakei
4413, and L. sakei 8426, L. Plantarum 7423, and
L. curvatus 8427) were used as starter cultures
in addition to control processing in the produc-
tion of fermented sausages. Starter cultures had
rapid growth and prevailed throughout ferment-
ation and maturation, and sensory properties im-
proved compared to the control sample. In ad-
dition to the treatment obtained with L. Sakei
8416, all other starter cultures prevented lipid
oxidation The sausages made with starter cul-
tures L. sakei 4413 and L. Sakei 8416 had the
highest ratings for all sensory properties (Cas-
quete et al., 2011).
In order to improve the food safety of Chinese fer-
mented sausages, Wang et al. (2013) introduced
starter cultures of Lactobacillus sakei into saus-
ages and studied the impact on sausage quality.
The results showed that due to L. sakei inocula-
tion, lactic acid bacteria quickly dominated over
the microflora and growth of food pathogens such
as E. coli and Enterobacteria, which were com-
pletely eradicated in fermented sausages. The pH
of sausages fermented through L. sakei signific-
antly decreased. In addition, the nitrite content
of L. Sakei fermented sausages quickly dropped
from 100 parts per million to 9.6 parts per mil-
lion, while sensory properties improved (Anti-
pova et al., 2011).
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Table 1: Characteristics of cooked sausage “Useful”

Name of the indicator Characteristic and norm for sausage

Mass fraction of moisture, % no more than 73
Mass fraction of sodium chloride, % 2,5
Mass fraction of fat, % -
Mass fraction of protein, % not less than 10,2
Mass fraction of sodium nitrite, % not more than 0,005
Mass fraction of starch, % not more than 5,5
Residual activity of acid phosphatase, % not more than 0,006

Table 2: Organoleptic evaluation of cooked sausages (Five tasters, in triplicate)

The name of the sample
Indicator
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Control:
Sausages “Steppe” 8,2 7,5 7,2 8,4 8,5 7,5 7,9
Saveloys “Steppe” 6,5 5,3 7 7,9 5,8 5 6,2
Cooked sausage “Steppe” 6,5 5,7 6,8 7,6 6,2 5,7 6,3

Experience:
Sausages “Useful” 8,3 7,6 7,6 8,8 8,4 7,4 7,9
Saveloys “Useful” 6,4 5,3 7,3 8 5,7 4,3 6,2
Cooked sausage “Useful” 6,5 5,9 7,1 7,8 6 5,5 6,2

Table 3: Structural and mechanical characteristics of sausage products

Layer Control sample Experimental sample
cutoff voltage, led cutting operation, cutoff voltage, led cutting operation,

x 10-4 Pa J / m2 x 10-4 Pa J / m2

Central 2,8 ± 0,09 88,6 ± 2,1 1,55 ± 0,05 74,4 ± 1,9
Peripheral 4,92 ± 0,13 175 ± 3,27 2,01 ± 0,11 98,3 ± 2,27
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Table 4: Vitamin and mineral composition of sausage products

Components
Sausage products “Useful”

cooked sausage sausages saveloys

Vitamins, mg%:
Folic Acid 0,007 0,005 0,005
B1 0,018 0,017 0,018
B2 0,006 0,007 0,005
B6 0,083 0,04 0,048
Nicotinic acid 0,007 0,006 0,006

Mineral substances, mg%:
Calcium 98,75 88,35 94
Sodium 7,67 9,07 11,77
Magnesium 32,55 33,85 32,23
Iron 3,09 1,27 1,12

Table 5: Content of heavy metals in the product

Name of the indicator Cooked Sausages Saveloys Norm

Lead, mcg/g 0,026 0,02 0,021 0,5
Cadmium, mcg/g 0,009 0,004 0,004 0,05
Arsenic, mcg/g 0,089 0,087 0,088 0,1
Mercury, mcg/g traces traces traces 0,03

Table 6: Evaluation of the biological activity of cooked products

The test sample
Index of biological activity in the breeding

1:100 1:1000 1:10000 1:100000 1:1000000

Cooked sausage 1,121 1,087 1,004 1 1
Sausages 1,104 1,029 1,014 1,002 1
Saveloys 1,107 1,032 1,02 1,008 1
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5 Conclusions

In the course of this research, a technology for
producing sausages with a balanced composition
of food and biologically active substances was de-
veloped. By examining the physical and chem-
ical parameters of the cooked products, we found
full compliance with the necessary requirements.
At the same time, it turned out that the new
products were not inferior to the traditional ones.
The decrease in the proportion of connective tis-
sue proteins had a positive effect on the organ-
oleptic characteristics of the finished product.
There was a decrease in stiffness, increased ten-
derness, and improved chewability. The accu-
mulation of free amino acids enhanced the taste
qualities of the experimental samples.
When producing food, special attention should
be paid to safety, i.e. the absence of substances
or concentrations of substances that can cause
toxicity in the product. For this purpose, studies
were conducted on the content of the elements
regulated by the standard. In addition to the
analysis for the content of heavy metals, we con-
ducted a biotest for biological activity with Para-
mecium caudatum. The test samples of sausages
did not reduce the viability of the test object and
the index of its biological activity. Thus, sausage
products using low-value raw materials and with
the addition of a consortium of microorganisms
had high nutritional and biological value and did
not show toxicity.
The results of these studies showed that the use
of the consortium in the production of meat
products allowed the speeding up of the ripen-
ing process of meat systems, and also allowed
the use of low-value raw meat of low-grade in
the fermentation process. It can be concluded
that the sausage produced according to the de-
veloped technology showed improved functional
and technological properties and sensory quality.

References

Ammor, M. S. & Mayo, B. (2007). Selection cri-
teria for lactic acid bacteria to be used
as functional starter cultures in dry saus-
age production: An update. Meat Sci-

ence, 76 (1), 138–146. https://doi.org/
10.1016/j.meatsci.2006.10.022

Andreeva, A. V., Nikolaeva, O. N., Isma-
gilova, E. R., Tuktarov, V. R., Fazlaev,
R. G., Ivanov, A. I., Altynbekov, O. M.,
Sultangazin, G. M., Urmanov, I. M. &
Khakimova, A. Z. (2018). Effect of probi-
otic preparations on the intestinal micro-
biome. Journal of Engineering and Ap-
plied Sciences, 13 (S8), 6467–6472.

Antipova, L. V., Glotova, I. A. & Rogov, I. A.
(2001). Research methods of meat and
meat products. Moscow, Kolos Publ.

Antipova, L. V., Glotova, I. A., Storublevtsev,
S. A., Boltyhov, J. V., Vtorushina, I. V.,
Ilina, N. M. & Galina, J. F. (2011). Real-
ization of biopotential minor collagen
raw materials in processing branches of
agrarian and industrial complex on the
basis of biotechnological methods. Bio-
technology and the ecology of big cities
(pp. 159–170).

Antipova, L. V., Gorbunkov, M. Y. & Storublevt-
sev, S. A. (2015). The experience of
enzyme preparations application in the
processing of animal origin raw mater-
ials. European Journal of Natural His-
tory, (2), 42–43.

Antipova, L. V. & Uspenskaj, M. E. (2016). Bio-
modifikatsiya plasma protein complex
blood of farm animals in preventive tech-
nologies and products for special pur-
poses, 167–171.

Armuzzi, A., Cremonini, F., Ojetti, V., Bar-
tolozzi, F., Canducci, F., Candelli,
M., Santarelli, L., Cammarota, G., De
Lorenzo, A., Pola, P., Gasbarrini, G. &
Gasbarrini, A. (2001). Effect of Lactoba-
cillus GG supplementation on antibiotic-
associated gastrointestinal side effects
during Helicobacter pylori eradication
therapy: A pilot study. Digestion, 63 (1),
1–7. https://doi.org/10.1159/000051865

Baka, A. M., Papavergou, E. J., Pragalaki,
T., Bloukas, J. G. & Kotzekidou, P.
(2011). Effect of selected autochthonous
starter cultures on processing and qual-
ity characteristics of Greek fermented
sausages. LWT- Food Science and Tech-

IJFS October 2021 Volume 10 pages 282–295

https://doi.org/10.1016/j.meatsci.2006.10.022
https://doi.org/10.1016/j.meatsci.2006.10.022
https://doi.org/10.1159/000051865


294 Gizatova et al.

nology, 44 (1), 54–61. https://doi.org/
10.1016/j.lwt.2010.05.019

Casquete, R., Benito, M. J., Martin, A., Ruiz-
Moyano, S., Hernandez, A. & Cordoba,
M. G. (2011). Effect of autochthonous
starter cultures in the production of
“salchichon”, a traditional Iberian dry-
fermented sausage, with different ripen-
ing processes. LWT- Food Science and
Technology, 44 (7), 1562–1571. https://
doi.org/10.1016/j.lwt.2011.01.028

Cheng, Q. & Sun, D.-W. (2008). Factors affecting
the water holding capacity of red meat
products: A review of recent research ad-
vances. Critical Reviews in Food Science
and Nutrition, 48 (2), 137–159. https://
doi.org/10.1080/10408390601177647

Coton, M., Delbes-Paus, C., Irlinger, F., Desmas-
ures, N., Le Fleche, A., Stahl, V., Mon-
tel, M.-C. & Coton, E. (2012). Diversity
and assessment of potential risk factors
of gram-negative isolates associated with
french cheeses. Food Microbiology, 29 (1),
88–98. https://doi.org/10.1016/j. fm.
2011.08.020

Digaitiene, A., Hansen, A. S., Juodeikiene, G.,
Eidukonyte, D. & Josephsen, J. (2012).
Lactic acid bacteria isolated from rye
sourdoughs produce bacteriocin-like in-
hibitory substances active against bacil-
lus subtilis and fungi. Journal of Applied
Microbiology, 112 (4), 732–742. https://
doi . org / 10 . 1111 / j . 1365 - 2672 . 2012 .
05249.x

Fischer, K. (2007). Drip loss in pork: Influen-
cing factors and relation to further meat
quality traits [International Workshop
on Drip Loss and Water Holding Capa-
city of Porcine Meat, Univ Bonn, Inst
Anim Sci, Bonn, GERMANY, DEC 05-
06, 2005]. Journal of Animal Breeding
and Genetics, 124 (1), 12–18. https : / /
doi . org / 10 . 1111 / j . 1439 - 0388 . 2007 .
00682.x

Fletcher, D. L. (2002). Poultry meat quality.
Worlds Poultry Science Journal, 58 (2),
131–145. https : / / doi . org / 10 . 1079 /
WPS20020013

Gabitov, I. I., Mudarisov, S. G., Gafurov, I. D.,
Ableeva, A. M., Negovora, A. V., Dav-

letshin, M. M., Rakhimov, Z. S., Kha-
maletdinov, R. R., Martynov, V. M.
& Yukhin, G. P. (2018). Evaluation of
the efficiency of mechanized technolo-
gical processes of agricultural produc-
tion. Journal of Engineering and Applied
Sciences, 13 (S10), 8338–8345.

Gabitov, I. I., Negovora, A. V., Khasanov,
E. R., Galiullin, R. R., Farhshatov,
M. N., Khamaletdinov, R. R., Martynov,
V. M., Gusev, D., Yunusbaev, N. M. &
Razyapov, M. M. (2019). Risk reduc-
tion of thermal damages of units in ma-
chinery heat preparation for load accept-
ance. Journal of Engineering and Ap-
plied Sciences, 14 (3), 709–716.

Gavrilova, N., Chernopolskaya, N., Rebezov, M.,
Moisejkina, D., Dolmatova, I., Mironova,
I., Peshcherov, G., Gorelik, O. & Der-
kho, M. (2019). Advanced biotechnology
of specialized fermented milk products.
International Journal of Recent Techno-
logy and Engineering, 8 (2), 2718–2722.

Gizatov, A. Y. & Gizatova, N. V. (2015). Bi-
otechnological aspects of bifidobacteria
usage to obtain products of animal ori-
gin with the desired properties. Innovat-
ive Processes in AgroIndustrial Complex,
105–106.

Hatakka, K., Savilahti, E., Ponka, A., Meur-
man, J. H., Poussa, T., Nase, L., Saxelin,
M. & Korpela, R. (2001). Effect of
long term consumption of probiotic
milk on infections in children attend-
ing day care centres: Double blind, ran-
domised trial. British Medical Journal,
322 (7298), 1327–1329. https://doi.org/
10.1136/bmj.322.7298.1327

Holko, I., Hrabe, J., Salakova, A. & Rada, V.
(2013). The substitution of a traditional
starter culture in mutton fermented
sausages by Lactobacillus acidophilus
and Bifidobacterium animalis. Meat Sci-
ence, 94 (3), 275–279. https://doi.org/
10.1016/j.meatsci.2013.03.005

Karam, L., Jama, C., Dhulster, P. & Chihib,
N.-E. (2013). Study of surface interac-
tions between peptides, materials and
bacteria for setting up antimicrobial sur-

IJFS October 2021 Volume 10 pages 282–295

https://doi.org/10.1016/j.lwt.2010.05.019
https://doi.org/10.1016/j.lwt.2010.05.019
https://doi.org/10.1016/j.lwt.2011.01.028
https://doi.org/10.1016/j.lwt.2011.01.028
https://doi.org/10.1080/10408390601177647
https://doi.org/10.1080/10408390601177647
https://doi.org/10.1016/j.fm.2011.08.020
https://doi.org/10.1016/j.fm.2011.08.020
https://doi.org/10.1111/j.1365-2672.2012.05249.x
https://doi.org/10.1111/j.1365-2672.2012.05249.x
https://doi.org/10.1111/j.1365-2672.2012.05249.x
https://doi.org/10.1111/j.1439-0388.2007.00682.x
https://doi.org/10.1111/j.1439-0388.2007.00682.x
https://doi.org/10.1111/j.1439-0388.2007.00682.x
https://doi.org/10.1079/WPS20020013
https://doi.org/10.1079/WPS20020013
https://doi.org/10.1136/bmj.322.7298.1327
https://doi.org/10.1136/bmj.322.7298.1327
https://doi.org/10.1016/j.meatsci.2013.03.005
https://doi.org/10.1016/j.meatsci.2013.03.005


Technology for the production of combined meat products 295

faces and active food packaging. J. Ma-
ter. Environ. Sci, 4 (5), 798–821.

Knol, J., Poelwijk, E. S., Van der Linde,
E. G. M., Wells, J. C. K., Bronstrup,
A., Kohlschmidt, N., Wirth, S., Schmitz,
B., Skopnik, H., Schmelzle, H. et al.
(2001). Stimulation of endogenous bi-
fidobacteria in term infants by an infant
formula containing prebiotics. Journal
of Pediatric Gastroenterology and Nutri-
tion, 32, 399.

Lamanov, A., Ivanov, Y., Iskhakov, R.,
Zubairova, L., Tagirov, K. & Sa-
likhov, A. (2020). Beef quality in-
dicators and their dependence on
keeping technology of bull calves of
different genotypes. Aims Agricul-
ture and Food, 5 (1), 20–29. https :
//doi.org/10.3934/agrfood.2020.1.20

Nesterenko, A., Koshchaev, A., Kenijz, N.,
Akopyan, K., Rebezov, M. & Okuskhan-
ova, E. (2018). Biomodification Of Meat
For Improving Functional-Technological
Properties Of Minced Meat. Research
Journal of Pharmaceutical Biological
and Chemical Sciences, 9 (6), 95–105.

Rakhimov, Z., Mudarisov, S., Rakhimov, I.,
Farkhutdinov, I., Mukhametdinov, A.,
Gareev, R., Gabitov, I., Rakhimov, R.,
Alyabiev, V. & Tarkhova, L. (2018).
Reasoning a construction diagram and
parameters of tillers for primary cultiva-
tion. Journal of Engineering and Applied
Sciences, 13 (S11), 8812–8818.

Sufiyanova, F., Gizatov, A. Y. & Aznabaeva,
A. F. (2012). Herstellen der halbfertigen
produkte aus fleisch, 272–273.

Sultanova, R., Gabitov, I. I., Yanbaev, Y. A.,
Yumaguzhin, F. G., Martynova, M., V,
Chudov, I., V & Tuktarov, V. R. (2019).
Forest melliferous resources as a sustain-
able development factor of beekeeping.
Israel Journal of Ecology and Evolution,
65 (3-4), 77–84. https : / / doi . org / 10 .
1163/22244662-20191049

Sydykova, M., Nurymkhan, G., Gaptar, S., Re-
bezov, Y. M., Khayrullin, M., Nester-
enko, A. & Gazeev, I. (2019). Us-
ing of lactic-acid bacteria in the pro-
duction of sausage products: Modern

conditions and perspectives. Interna-
tional Journal of Pharmaceutical Re-
search, 11 (1), 1073–1083.

Wang, X. H., Ren, H. Y., Liu, D. Y., Zhu, W. Y.
& Wang, W. (2013). Effects of inocu-
lating lactobacillus sakei starter cultures
on the microbiological quality and nitrite
depletion of chinese fermented sausages.
Food Control, 32 (2), 591–596. https://
doi.org/10.1016/j.foodcont.2013.01.050

Zinina, O. V., Rebezov, M. B. & Vaiskrobova,
E. S. (2016). A microstructure of the
modelling systems on the basis of the fer-
ment raw material with a high collagen
content. Pakistan Journal of Nutrition,
15 (3), 249–254.

IJFS October 2021 Volume 10 pages 282–295

https://doi.org/10.3934/agrfood.2020.1.20
https://doi.org/10.3934/agrfood.2020.1.20
https://doi.org/10.1163/22244662-20191049
https://doi.org/10.1163/22244662-20191049
https://doi.org/10.1016/j.foodcont.2013.01.050
https://doi.org/10.1016/j.foodcont.2013.01.050

	Introduction
	Materials and Methods
	Sausage production technology
	Determination of meat pH and protein content
	Sausage quality evaluation
	Express Biotest
	Organoleptic evaluation

	Results
	Discussion
	Conclusions
	References

