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ABSTRACT

Plant proteins are widely used in the production technology of sausage products. They are used to improve the
functional and technological properties of ground sausage and increase the yield of finished products. The
article presents the technical aspects of the use of lentil proteins in the production of raw smoked sausages. The
changes in the pH value of minced meat and sausage and the speed of maturation and drying are evaluated and
justified. The results of histological analysis, organoleptic examination, and research of physical and chemical

properties of the finished products are presented in the article.
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INTRODUCTION

The plant seeds are well known for their nutritional value.
Due to the shortage of meat raw materials, meat
processing enterprises have switched to technologies with
partial replacement of meat raw materials with plant
proteins [1, 2]. These technologies allow us to provide the
finished product with a balanced protein. Modern studies
indicate the possibility of using various plant proteins in
the production technology of meat products [3-7].
Slozhenkina M.I. (2015), Barybina L.I. (2018),
Nesterenko A.A. (2017; 2018) studied the issues of the
use of plant proteins in the production technology of raw
smoked sausage products in the works of [8-10].

Usage of a starter culture is very important in the
production of raw smoked sausages to improve and
accelerate maturation. The issues of biomodification of
minced meat with the addition of plant proteins are
described in [11-14]

Scientific studies of the use of lentil proteins in the
preparation of model minced meat for raw smoked
sausages are presented in the works of [10, 15]. The
authors have been created a model of minced meat and
studied the effect of lentil proteins introduction on the
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functional, technological, physical, and chemical
properties. It was found that lentil proteins reduce the
Water Holding Capacity (WHC) and Moisture-retaining
Power (MRP). Reduction of the WHC and MRP is
usually a negative effect for cooked sausage, but in the
technology of raw smoked sausage production, it is a
positive effect. That effect activates the development of
the starting microflora compared to the control as a result
of the appearance of an additional nutrient medium in the
form of plant polysaccharides and an increase of water
activity. Thus, a rapid and even decrease in the pH of
minced meat can contribute to a decrease in the amount of
"wild" microbes as a result of the intensive accumulation
of lactic acid. Reducing the pH to the isoelectric point of
the protein will ensure fast drying of sausages.

The article is a scientific study conducted within the
framework of the master's thesis of Ovchinnikova Ju. A.
on the topic: "Improvement of the Recipe and Technology
of Raw Smoked Sausages with the Use of Plant
Components" which was carried out in 2020 with the
scientific advice of the authors of the work.

The Purpose of the Work: To study the possibility of
using lentil proteins in the production technology of raw
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smoked sausages

MATERIALS AND METHODS

To prepare a trial batch of sausage products, the recipe
composition "Braunschweig" according to GOST R
55456-2013 was taken [16]. The recipe compositions are
presented in Table 1.

Table 1. Recipes of the Experimental Sausage based
on the ""Braunschweig'' Sausage

Components "Braunschweig" | Experimental
Sausage, % Sausage, %
Trimmed of the highest

arade & 45 25
Trimmed lean pork 25 25
Fatback 30 30
Lentil protein - 20
Salt (NaCl) 2 2
Ground black pepper 0,1 0,1
Nitrite salt 1.5 1.5
Sugar 0,2 0,2
Nutmeg 0,03 0,03
Starter cultures 0,1 0,1

Minced meat was prepared on a cutter by the method of
sequential loading from low-fat raw materials to fat. As a
starter culture was taken "Bassstrait" (Mongolia LLC,
Russia). The culture includes microorganisms of the
species P. pentosaceus, Staphylococcus xylosus, and
Staphylococcus carnosus.

The pH was determined using a pH-340 potentiometer
according to GOST R 51478-99 [17].

Mass changes were determined by weighing on a scale
and in a ratio of % to the weight of the feedstock. The
determination of the mass fraction of moisture in the raw
material and the product was carried out by the method of
drying to a constant mass following GOST 9793-74 [18].
Drying was carried out at a temperature of 105 °C.
Histological studies were performed according to the
method proposed by Gurova S. V., Barabanov I. L.,
Minchina L. S., Khvylya S. L. [19, 20]. The study of the
microstructure of samples on histological preparations
and their photographing with digital photographic
equipment was carried out on an AXIOIMIGER.A1 light
microscope (Carl Zeiss, Germany) with the connected
AXIOVISION image analysis system using the
appropriate morphological computer program at lens
magnifications from %2 to x63. The analysis of the
consistency density of the finished product was carried
out by a method based on the analysis of the force
required for the destruction of a sample of sausage
products by cutting in a constant volume chamber [21].

RESULTS

The production of raw sausages experimental and control
of the party sausage products were made according to the
scheme presented in Figure 1. Testing was performed in
the conditions of an educational and scientific production
complex "Agrobiotehpererabotka" in the Kuban State
Agrarian University.

Fat - cooling to a temperature of (2£2) C or
freezing to a temperature of -2..+1 C

Preparation of raw materials: defrosting,
cutting, deboning, trimming_ cutting pieces

'

‘ Salting at a temperature of (3£1) °C in chunks for 96 b |

—“| Cuttine (minced meat broduction) 2.5...3.5 min F‘ Spices and food additives |

| Preparation of sausage casing }—>| Filling of casing by hvdraulic svringes, forming of sausage ‘

‘ Storing 5-7 days at a temperature of (321) °C, W (87+3) % and air velocity of 0.1 m/s ‘

'

‘ Smoking 24 h at a temperature of (18+2) °C, W (87+3) % and an air velocity of 0.2-0.5 m/s ‘

y

First dryving 3-5 days at a temperature of (13£1) °C, W (82+2) %,
Second drving - t1ll standard moisture content at a temperature of (10£1) °C, W (75£2)%, air velocity
0.035-0.1 m/'s

v

| Quality control ‘

Figure 1. Scheme of Production of Raw Smoked Sausage
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During the production of sausage products, changes in the
pH value were monitored during all technological
operations.

The pH change during the storing, smoking, and drying of
raw sausages is shown in Figure 2.
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Figure 2. Dynamics of Changes in the pH of Samples
of Raw Smoked Sausages

Figure 2 shows that the decrease of pH in the
experimental batch at the first stages of production is
faster, which is due to the intensive development of the
starting microflora and the accumulation of lactic acid.
The dependence of moisture content on the duration of
drying is shown in Figure 3.

53
51
49

47 \
45 \
43
41
39
37
35

e Experimental sausage

e "Braunschweig" sausage

Moisture content, %

Ny T, days

Figure 3. Dependence of Moisture Content on the
Drying Duration

In the experimental sample of the model minced meat, a
faster drying rate is observed at 3-5 days, compared to the
control. Reducing the drying time helps to reduce
production costs.

The histological analysis of sausage samples showed the
development of maturation. The homogeneity of the cell
contents is observed. The transverse striation and partially
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the cell nuclei were disappeared. Analysis of muscle fiber
proteins

showed the destruction of fibrillar and

sarcolemma (Figure 4).

R

Figure 4. Histological Section of Experimental
Sample (hematoxylin-eosin, x200).

&

Between the fragments of connective tissue and muscle
fibers, there is an accumulation of fine-grained protein
mass. According to the structure of the mass, it can be
concluded that these are lentil proteins (Figure 5).
Between the structural elements of sausage minced meat,
there are a large number of pores that are not
characteristic of raw smoked sausages.

RN LR

Figure 5. Analysis of the Muscle Fiber of the
Experimental Sample (hematoxylin-eosin, x200).

1- Fragments of Muscle Fibers; 2-

Microorganisms; 3- Micropores;

4- Fat Inclusions

Histological analysis of the experimental sample showed
the presence of microflora both in separate parts and
scattered around the perimeter of the minced meat. To a
greater extent, the microflora is located in a fine-grained
protein mass.

Organoleptic evaluation of finished products was
performed at the Department of Technology of Storage
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and Processing of Livestock Products of the Kuban State
Agrarian University following GOST 9959-2015.

It is noted that the appearance of the sausage corresponds
to GOST R 55456-2013 [16]: sausages with a clean, dry
surface, without stains, slips, damages to the casing, and
bursts (Figure 6).

Figure 6- Finished Sausage Products

The organoleptic evaluation was carried out on a 5-point
scale. The organoleptic profile of the experimental and
control sample was compiled and shown in Figure 7.

e "Braunschweig" sausage === Experimental sausage
Appearance
5

Total value Consistency

Taste Color

Smell
Figure 7. Organoleptic Profile
The organoleptic characteristics of the finished product

remained unchanged throughout the entire shelf life and
corresponded to the regulatory documentation.
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Tasters noted a denser consistency of the experimental
sausage products. The analysis of the structural and
mechanical characteristics of the finished product showed
that the cut-off voltage of the experimental batch of
sausage products was 567.60 kPa, the sausages from the
control batch showed a result of 487.9 kPa. The results
obtained indicate a denser consistency of the experimental
batch of sausage products.

The physical and chemical parameters of the experimental
sample are presented in Table 2.

Table 2- Physical and Chemical Parameters of the
Experimental Sample

Index Acceptable | Experimental

Value Sample
Moisture content, % 42,0 37,9
Fat content, % 57 31,1
Protein content, % 8,0 22,1
pH, a.u. 4.8 5,2
NaCl content, % 6,0 4,0

NaNO: content, % 0,005 0,0017

DISCUSSION:

pH is an important indicator in the production of raw
smoked sausages. A rapid decrease in the pH value
contributes to the formation of a dense consistency of
minced meat. The activity of intracellular enzymes
increases with low pH. The optimal pH for intracellular
enzymes varies in the range of 3.8-5.0 [22]. In an
experimental batch of sausages is a more active reduction
of pH, compared with the control sample, but the decrease
in pH is terminating at point 4.9. Active development of
starter cultures due to the introduction of lentils protein
and additional nutrient medium. The obtained data are
confirmed by the conducted studies [10].

According to the technology, smoking is carried out when
the pH of the minced meat reaches from 5.1 to 5.4, and
significant indicators are also taken into account: the
density and color of the minced meat. The pH of the
experimental batch decreases faster than in the control,
therefore, the setting for smoking can be carried out in a
shorter period. At the same time, the reduction in the
precipitation period of sausage will significantly affect the
economic efficiency of production.

Another important technological the
production of raw smoked sausage products is the drying
speed. It depends on such indicators as pH, temperature,
humidity, and air velocity [23]. The introduction of plant
proteins into the recipe composition contributes to an
accelerated drying process. Plant proteins with a lower pH
"give" water more efficiently than proteins of animal
origin. As a result, the drying of sausage products of the

indicator in
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experimental batch is carried out with greater intensity
compared to the control. At the same time, plant proteins
form microcapillaries in minced meat structure. Formed
microcapillaries accelerate the diffusion of moisture from
the center of the sausage to the periphery.

The introduction of plant components to a small extent
had an impact on the taste and color of the finished
product. However, the organoleptic commission noted
that the prototype has a more pronounced taste and aroma
properties and a dense consistency. Due to the more
intensive drying (experimental samples reached normal
40% on the 14" day, control — on 18" day) experimental
sausages had a denser consistency, as evidenced by the
results of structural and mechanical studies.

The physical and chemical parameters of the finished
products meet the requirements of GOST R 55456-2013
[16].

CONCLUSION

In the course of the research, changes in physical and
chemical parameters from minced meat to finished
products were studied. It was found that the addition of
lentil proteins to the recipe composition accelerates the
maturation process (a reduction of 48 hours) and drying
of sausage loaves (a reduction of 5 days) compared to the
control.

The results of the study were tested in the conditions of
the educational and scientific production complex
"Agrobiotehpererabotka" of the Kuban State Agrarian
University.

Partial replacement of meat raw materials with lentil
proteins has a positive effect on the organoleptic
characteristics of the finished product. The physical and
chemical parameters of the developed products meet the
requirements of GOST R 55456-2013.
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