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Abstract
The results of research on the effect of protein-mineral improved additive (PMIA) on the rheological parameters of minced 

meat, which can be used for manufacturing culinary products, including chopped semi-finished products of a high degree of readi-
ness, are presented. It has been proven, that the additive can be used both as an ingredient, enriching calcium-digestible compounds 
and to improve a number of technological properties of minced meat, in particular after freezing, storage and thawing. The aim of the 
study was to determine the dependences of changes in the structural and mechanical characteristics of minced meat after the addition 
of PMIA and subsequent freezing to a temperature of –16…–18 °C and storage for 20 days.

It has been found, that the addition of up to 7 % of PMIA leads to a marked increase in the conditionally instantaneous mod-
ulus of elasticity and highly elastic modulus in 4.4 times for minced beef and 2.7 and 4.4 times for chicken, respectively. It has been 
established, that the best stabilization of these indicators after freezing occurs at the content of PMIA at the level of 2…5 %. Studies 
of plastic viscosity and adhesion have shown that the use of up to 7 % of PMIA leads to an increase of 11…20 % and 26…64 %, re-
spectively. After freezing, the plastic viscosity and adhesion of minced beef in the control decreased by 22.0 and 52 %, respectively, 
minced chicken – by 23.4 and 40.9 %. In the samples with a content of 7 % of PMIA, the decrease in plastic viscosity and adhesion 
is 7.2 and 4.4 % in minced beef and in chicken – 5.9 and 3.1 % respectively.

It has been proven, that the use of PMIA in the amount of up to 7 % in the technology of minced meat production minimizes 
the negative destructive effect of low temperatures on the structural and mechanical characteristics of the finished product. Thus, 
it is expedient to use up to 7.0 % of the improved protein-mineral additive in the composition of minced meat to enrich the finished 
product with digestible calcium compounds and improve their structural and mechanical characteristics, in particular after freezing 
and storage. 

Keywords: improved protein-mineral additive; calcium compounds; minced meat; cut meat semi-finished products; struc-
tural and mechanical properties.
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1. Introduction
The food industry, in particular the production of meat products, is constantly evolving 

through the development of new and improvement of existing product technologies with im-
proved consumer characteristics. To adjust the composition of meat products and semi-fin-
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ished products, the introduction of ingredients that enrich products with deficient mineral nu-
trients has become widespread, namely: ones of plant and animal origin, vitamin and mineral 
additives, algae [1–4]; various ways to extend the shelf life (freezing, use of ingredients with 
preservative properties, etc.) [5], enrichment with calcium compounds [6–11], replacement of 
animal fat with components of plant origin [12] and the addition of non-traditional raw mate-
rials [13, 14]. Structural and mechanical properties significantly affect the course of thermal, 
mechanical processes and storage (at low temperatures), which plays a role in the behavior 
of meat products in various technological processes, structure, digestibility of the product, 
as well as their organoleptic characteristics. The importance of regulating the structural and 
mechanical properties has made the use of various ingredients [15, 16] widespread to regulate 
these issues: shape retention in the formation of products and heat treatment; textural percep-
tion of the product; indicator of parameters in the structure and the state of moisture during 
storage.

The use of these methods allows to increase consumer characteristics, as well as biolog-
ical and nutritional values of finished products, which makes it possible to create products with 
an adjustable nutrient composition. This is an important area, as recently there is a deficiency 
of calcium, vitamins and various minerals in the human body during its life

With this in mind, the aim of the work is to study the effect of the introduction of the 
improved protein-mineral additive, which is used as an enriching and technological ingredient, 
on the structural and mechanical characteristics of minced beef and chicken. As an enriching 
component, it is proposed to use the improved protein-mineral additive [17]. Its chemical com-
position (PMIA) is a partially thermally hydrolyzed collagen proteins, which are a matrix for 
the formation of chelate complexes with calcium and magnesium. The calcium compounds, 
contained in the additive, are in two states – calcium citrate and chelate complexes, which 
allow the accumulation of calcium in the tissues due to the high metabolic activity of chelate 
complexes and maintain the level of calcium in the consumer’s blood due to citrates. The im-
proved form of the additive also contains chondroitin sulfates, which have pronounced com-
plex-forming properties and are an important metabolic factor that ensures the absorption of 
calcium compounds and its accumulation in human tissues [17].

The study of qualitative characteristics of products with an adjustable nutrient composi-
tion is an important aspect of the development of these semi-finished products. This is because 
the addition of new ingredients to the recipe can affect the standard quality, nutritional and 
biological value of the product in different ways. At the same time, one of the main ways to 
store semi-finished meat products is freezing, which often leads to a significant deterioration 
in a number of characteristics of meat systems. This is due to crystallization of moisture and 
destructive transformations of a number of key nutrients, including proteins. One of the most 
unstable characteristics after freezing is structural and mechanical properties. Their stabiliza-
tion is an important task along with increasing the nutritional and biological value of products.

Thus, in order to determine the influence of PMIA on structural and mechanical proper-
ties of minced meat, in particular chicken and beef, it is necessary to solve the following tasks: 

– to investigate the dynamics of the conditionally instantaneous modulus of elasticity, 
highly elastic modulus, plastic viscosity and adhesion of minced meat samples depending on 
the amount of the introduced additive, as one of the key characteristics that form their rheo-
logical characteristics; 

– to investigate the dependences of changes in the above characteristics after freezing, 
storage and thawing of cut meat systems to assess the cryostabilizing effect of PMIA.

2. Materials and methods
The object of the study is minced meat of beef and chicken (based on fillets) with 

PMIA [17]. The additive was introduced to the minced meat systems in the amount of 
1.0…7.0 % of the weight of meat. Samples of the minced meat systems, made without the addi-
tive, served as controls. The additive contains protein-mineral calcium and magnesium. PMIA 
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also contains chondroitin sulfates up to 20 %, which in addition to high biological activity, 
which is directly involved in the absorption of calcium, perform a number of technological 
functions (stabilization of dispersed systems, moisture binding, etc.), which determine the fea-
sibility and prospects of using this additive in the composition of meat semi-finished products, 
in particular a high degree of readiness [17, 18]. The total chemical composition in the dry state 
of PMIA is given in Table 1 [19].

 
Тable 1 
The chemical composition of the improved protein-mineral additive 

Parameter  
name

Improved  
protein-mineral additive

Mass share of moisture, % 6.2±0.2

Mass share of protein, % 60.2±2.5

Mass share of fat, % 6.5±0.3

Mass share of chondroitin sulfate, % 19±1.0

Mass share of ash, % 8.1±0.3

Mass share of calcium, % 6.7±0.0.35

Mass share of magnesium, % 0.31±0.02

In the total amount of calcium in the additive, about 60…65 % is represented by its 
protein-bound form, which has a high metabolic activity. 35…40 % of calcium is in the form 
of citrate, which exhibits characteristic antioxidant and preservative properties. The additive 
is presented in a homogeneous powder state, has a pale cream color and neutral taste and aro-
matic characteristics. 

The following structural and mechanical properties were studied: conditionally instan-
taneous modulus of elasticity, highly elastic modulus, plastic viscosity. The study was per-
formed on Tolstoy’s elastoplastometer [20] by studying the shear deformation of a sample, 
located between plates. Due to the applied deformation force, the deformation curve was cal-
culated, which allowed to calculate the above characteristics.

The study of minced meat was carried out in the freshly prepared state, and after freez-
ing to a temperature of –18 °C, storage at a temperature of (–16…–18 °C) for 20 days, followed 
by thawing to a temperature of 4…6 °C.

Adhesion was determined by measuring the force, required to separate the AISI 304 
food grade stainless steel plate from the minced meat sample with the specified geometric 
parameters [20]. 

The samples were made according to the traditional recipe and technology with appro-
priate preparation of the additive.

3. Research results and their discussion
In accordance with the purpose of our work, we conducted a research to determine the 

structural and mechanical parameters of minced meat: conditionally instantaneous modulus 
of elasticity, highly elastic modulus, plastic viscosity, adhesion. These characteristics are key 
indicators that affect the form stability of products, ease of molding, including on automated 
equipment, changes in moisture when varying the recipe or process parameters, the nature and 
density of interaction of the components of minced meat and more. If minced meat is frozen, 
the key point is to preserve the rheological characteristics of meat systems after thawing, 
which will indicate the stabilization of moisture and less profound destructive processes, asso-
ciated with the destruction of the product. This is important to ensure the stable characteristics 
of the product, regardless of how it is stored.
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The results of the studies of minced beef and chicken with the content of PMIA, freshly 
made and after freezing (–16…–18 °C), storage for 20 days and subsequent thawing are shown 
in Fig. 1–4.
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Fig. 1. Conditionally instantaneous elasticity modulus of minced meat: beef: 1 – before freezing; 
3 – after freezing and thawing; chicken: 2 – before freezing; 4 – after freezing and thawing
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Fig. 2. High elasticity modulus of minced meat: beef: 1 – before freezing; 3 – after freezing and 
thawing; chicken: 2 – before freezing; 4 – after freezing and thawing

The analysis of the results, presented in Fig. 1–4, allows us to talk about the following 
trends. The addition of up to 7 % of PMIA leads to a marked increase in the conditionally in-
stantaneous modulus of elasticity and highly elastic modulus in 4.4 times for minced beef and 
2.7 and 4.4 times for chicken, respectively. This is probably due to the fact that the components 
of the additive (chondroitin sulfates, partially hydrolyzed collagen proteins) in the hydrated 
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state increase the viscosity of the dispersed medium and help to seal the bonds between the 
components of mince meat. As a result of applying a load to such meat systems, they resist 
and restore their original structure well after its removal. As a result of freezing, storage and 
thawing of minced chicken, there is an inversion of trends. Beef minced meat has a tendency 
to increase the conditionally instantaneous modulus of elasticity, but there is an inversion of 
the tendency to change the highly elastic modulus, due to the higher content of the connective 
tissue in minced beef compared to minced chicken. It is known, that connective tissue proteins 
are more resistant to the negative effects of low temperatures. The most labile are sarcoplasmic 
proteins, the share of which in minced chicken is higher than in beef. These trends are due 
to the destructive effects of freezing. Probably, the elasticity of minced chicken is lost due to 
the partial destruction by frozen moisture. The most pronounced tendency is observed in the 
control and when the content of the additive is more than 5 %. The smallest changes in the 
characteristics before and after freezing are observed when the content of the additive at the 
level of 2…5 %.
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Fig. 3. Plastic viscosity of minced meat: beef: 1 – before freezing; 3 – after freezing and thawing; 
chicken: 2 – before freezing; 4 – after freezing and thawing

The studies of plastic viscosity and adhesion have shown that the use of up to 7 % of 
PMIA leads to an increase of 11…20 % and 26…64 %, respectively. After freezing, the plastic 
viscosity and adhesion of minced beef in the control decreased by 22.0 and 52 %, respectively, 
chicken mince – by 23.4 and 40.9 %. In samples with a content of 7 % of PMIA, the reduction 
in plastic viscosity and adhesion are respectively in minced beef 7.2 and 4.4 %, in chicken – 5.9 
and 3.1 %.

Probably, the above changes are due to the fact that the use of PMIA provides stabiliza-
tion of moisture and inhibition of water crystal growth. The pronounced cryoprotective effect 
of PMIA determines preservation of the structure of the minced meat during freezing. This 
prevents the denaturation transformation of labile sarcoplasmic protein fractions and allows to 
significantly preserve the structural and mechanical characteristics of the cut meat systems. 
Preservation of the structural and mechanical characteristics of the cut meat systems after 
freezing will provide stability of organoleptic indicators of quality of the finished culinary 
products, made with its use.

The possibility of the negative impact of high mineralization on the functional and tech-
nological characteristics of the minced meat systems, in particular due to the negative impact 
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on sarcoplasmic and myofibrillar protein fractions, is not affected by the following factors. 
First, at least 60 % of the calcium, ingested with PMIA, is in the protein-bound chelate state. 
Secondly, the mineral calcium, which is contained in citrate, has a low degree of dissociation. 
The above circumstances are due to the lack of intensive accumulation of calcium ions in the 
product, and their small amounts are not able to significantly adversely affect the behavior of 
the cut meat systems. The potential negative effect of Ca2+ ions is fully compensated and not 
eliminated by the moisture-retaining and structuring properties of partially hydrolyzed colla-
gen proteins and chondroitin sulfates. Such solutions make it possible to realize the enrichment 
of meat foods with deficient mineral compounds, in particular calcium, without deteriorating 
their technological characteristics.
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Fig. 4. Adhesion of minced meat to AISI 304 stainless steel: beef: 1 – before freezing; 3 – after 
freezing and thawing; chicken: 2 – before freezing; 4 – after freezing and thawing

The above indicates certain competitive advantages of innovative minced meat products 
with the use of PMIA to ensure the stability of its consumer characteristics.

4. Conclusions 
Based on the obtained results, it can be concluded, that the use of PMIA in the technol-

ogy of minced meat for culinary products allows:
– to increase the conditionally instantaneous modulus of elasticity and highly elastic 

modulus of minced beef and minced chicken, which has a positive effect on the sensory texture 
perception of the product by the consumer; 

– to ensure maximum preservation of the elasticity modulus and highly elastic modulus 
after freezing, storage and thawing when using PMIA in the amount of 2…5 %; 

– to increase the plastic viscosity and adhesion of minced meat, which improves the 
ability to mold products and retain their desired shape; 

– to ensure better stability of the plastic viscosity and adhesion characteristics of the cut 
meat systems after freezing, storage and thawing when using PMIA in the amount of up to 7 %.

The obtained results allow to state that the use of PMIA in the technology of minced 
meat products allows to improve a number of structural and mechanical characteristics of 
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minced meat, to favor the improvement of their structure. The cryoprotective effect of PMIA 
on minced meat has been proved, which is justified by the ability to preserve their structural 
and mechanical characteristics after freezing and thawing better than in minced meat, made 
by the traditional technology.

 The obtained results will allow to introduce the use of PMIA in the composition of meat 
semi-finished products and to ensure the stability of their structural and mechanical parame-
ters, and hence the textural perception of the product, after freezing and storage. The prospect 
of further research is the organization of histological studies of the microstructure of minced 
meat, in particular after cryogenic exposure, in order to determine the nature of the interaction 
between its individual components.
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