
698

Miroshnik A.S. et al. Food Processing: Techniques and Technology. 2023;53(4):698–709
2023 Т. 53 № 4 / Техника и технология пищевых производств / Food Processing: Techniques and Technology ISSN 2074-9414 (Print)

ISSN 2313-1748 (Online)

https://doi.org/10.21603/2074-9414-2023-4-2471                                                                                           Review article
https://elibrary.ru/YDDGAU                                                                                              Available online at https://fptt.ru/en

Approaches to Developing New Complex Meat Products 
with Preset Qualitiy

Alexei S. Miroshnik1,* , Ivan F. Gorlov1,2 ,  
Marina I. Slozhenkina1,2

1 Volga Region Research Institute of Manufacture and Processing of Meat-and-Milk Production
Volgograd, Russia

2 Volgograd State Technical University , Volgograd, Russia

Abstract.
A profitable meat-processing business relies on the rational use of its resources, which, in its turn, depends on the constant 
improvement of product formulations and development of new ones. These operations involve advanced analytical methods 
and complex approaches. The article introduces a review of modern technical solutions, methods, and approaches to modeling 
new complex meat products with preset quality indicators.
The review (1990–2022) involved research articles published in high-rated peer-reviewed research journals, educational 
literature, digital theses published by Russian Dissertation Councils, and patents registered by the Institute of Industrial 
Property.
The synchronic and diachronic analysis of basic principles of food product design and parametric modeling revealed no 
universal methodology for meat products development, both in terms of goals and applicability to different meat products types.
Forecasting of finished meat products quality indicators requires relevant and accurate information, which is highly variable 
and fast-changing. Unfortunately, advanced information technologies are slow to adapt to the urgent tasks of the food  
industry. 
As a result, the current methods for developing new complex meat product formulations are useless when meat producers 
have no access to relevant and self-updating databases on raw materials properties.
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Аннотация.
Рациональное использование ресурсов мясоперерабатывающего предприятия является основой для поддержания высокого 
уровня рентабельности производства и зависит от постоянного совершенствования существующих рецептур мясных 
продуктов и разработки новых. Эффективное выполнение этих задач возможно при использовании аналитических методов, 
а также комплексного и системного подходов. Рассмотрели особенности, недостатки и преимущества современных 
технических решений, методов и подходов к моделированию поликомпонентных мясных продуктов с заданными 
показателями качества. 
Изучили научные статьи рецензируемых ведущих научных изданий, учебно-методические материалы, научно-
исследовательские работы, опубликованные в электронном виде диссертационными советами Российской Федерации, и 
объекты интеллектуальной собственности, размещенные в открытых реестрах Федерального института промышленной 
собственности, в период 1990–2022 гг. по изучаемой теме. 
Представили описание основных принципов проектирования пищевой продукции и особенностей параметрических 
моделей, используемых для описания пищевых систем. Установили отсутствие универсальной методики разработки 
мясной продукции как в аспекте применимости к различным видам поликомпонентных мясных продуктов, так и 
целей проектирования. 
Ни один из разработанных методов проектирования рецептурного состава многокомпонентных мясных систем без 
наличия фактической информации о показателях сырья из-за их высокой вариабельности в реальных условиях, а также 
медленной адаптации передовых информационных технологий под задачи пищевой промышленности не позволяет достичь 
высокого уровня точности прогнозирования качественных показателей готовой продукции. Создание общедоступной, 
подробной и постоянно обновляющейся базы данных по показателям качества сырья могло бы частично решить эту 
проблему.

Ключевые слова. Пищевая комбинаторика, математическое моделирование, цифровой двойник, структурно-параметри- 
ческая оптимизация, циклический подход, математическое программирование, биологическая ценность
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Introduction
Meat processing needs new effective and universal 

methods to increase its profitability. As a rule, such me- 
thods are based on a rational use of enterprise resources. 
Currently, the food industry tackles this urgent issue 
by updating the range of food products.

However, new formulations are short-lived because 
they fail to keep pace with the rapidly changing market 
conditions. Quite often, even the most advantageous 

food formulations fail to meet the physiological needs 
of professional or age communities. They have to be 
updated in accordance with the discoveries made by 
nutrition science, which keeps finding new raw materials 
and ingredients, including structure formers [1–5]. Some 
authors report a general trend towards expanding the 
range of products that are totally different from those 
in current circulation [6–9]. Thus, meat producers have 
two options: either they create new products or they 
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modify conventional formulations. The first option 
results in high costs and long trials. The second is as- 
sociated with the specifics of food systems: for old for- 
mulations to be improved, new ingredients require 
sophisticated mathematical dependencies for quality 
and quantity key indicators [10, 11].

Complex products are difficult to develop as they 
require advanced analytical methods. Product costing de- 
pends the ever-changing consumer demands, methods 
of obtaining meat raw materials, seasonal or regional 
quality fluctuations for each ingredient, etc.

Programming food quality indicators is connected 
with a large number of indicators to be optimized. These 
days, this process is totally digital, which means that food 
technologists have to possess various scientific skills 
in such spheres as: software engineering, mathematical 
programming, biochemistry, microbiology, nutrition, 
and rheology.

Therefore, only integrated and systematic approa- 
ches can optimize and update the commercial range 
of meat products. In this regard, the development of 
new food formulations with predetermined properties 
remains a relevant research issue.

This article reviews modern methodological appro- 
aches to modeling complex meat products with preset 
qualities.

Study objects and methods
The review involved standard methods of literature 

search. The research materials included the following 
publications released in 1990–2022:

– reviews and research articles published in scientific 
journals and proceedings of international conferences 
indexed in Scopus, Web of Science Core Collection, 
and eLIBRARY.RU;

– educational literature;
– online versions of Russian dissertations and theses; and
– patents registered on the website of the Federal Institute 
of Industrial Property.

The target audience is food industry workers. As a 
result, the review relied on publications that featured 
complete and applied research and covered neither 
popular science nor non-reviewed editions, whose 
reliability cannot be guaranteed.

Results and discussion
Most contemporary design methods for balanced 

meat products are based on the following principles 
formulated by Academician N.N. Lipatov, Russian Aca- 
demy of Agricultural Sciences, back in 1990:

– a rationally balanced food product is a set of rationally 
balanced raw ingredients and materials;
– an optimal formulation for a protein-containing pro- 
duct is based on such a ratio of protein-containing 
components that provides the most balanced amino 
acid composition in relation to a statistically valid re- 
ference protein;

– the fatty acid composition can be changed by intro- 
ducing fat-containing ingredients;

– an optimal formulation is based on such a ratio of fat- 
containing ingredients that provides an optimal ratio 
of saturated, mono-, and polyunsaturated fatty acids;
– a new formulation is part of a diet; hence, food desig- 
ners should consider the composition of other dishes 
and products that will be consumed together with the 
one they are designing; and
– an optimal complex product has such a component 
composition that balances the daily diet in terms of bio- 
logical value, calories, and ballast components [12–15].

These principles are universal, but their practical 
implementation is difficult because it depends on the 
product, optimization task, nutrition laws, and food 
chemistry [16–19].

A new food product has a pre-planned sensory 
profile, functional characteristics, technological pro- 
perties, nutritional and biological value, etc. Logically, 
food product development is impossible without ma- 
thematical modeling and advanced information tech- 
nologies, which, in their turn, require a parametric 
description and numerical expression of product cha- 
racteristics [14, 16, 20, 21]. Meat product development 
also requires a comprehensive assessment of food sa- 
fety and culinary properties [21]. Nikitina et al. develo- 
ped the following set of parameters for meat product 
design (Table 1) [20].

More recent studies also put stress on the anti-
alimentary and minor food components. For instance, 
Nugmanov added to this list such concepts as compo- 
nent entropy and energy value entropy, which reflect 
the degree of uncertainty about the presence of a particu- 
lar component in the product composition [23].

When designing a new formulation for a meat pro- 
duct, all these parameters can be optimized by using 
parametric models [24]. According to Donskikh et al.,  
a hierarchical approach to food design should be object-
oriented [25].

Ways to achieve the targeted quality of a new meat 
product differ in the following methods: selecting objec- 
tive functions and limits; optimization; calculating in- 
dicators of biological protein value; calculating tech- 
nological losses, interaction of micronutrients, and 
anti-nutritional factors; recording the chemical form of 
micronutrients; and developing the required structural 
and sensory properties.

No classification of such methods has been develo- 
ped so far. However, the following trend is obvious: 
the younger the method, the more quality indicators it 
can optimize. This correlation is associated with new 
nutritional concepts and the growing digitalization of 
the food industry [20, 26–31]. As a result, this review 
covers contemporary methods only.

Nikitina et al. developed a design algorithm for com- 
plex meat products [14]. It gives a calculation sequence 
for the following chemical composition indicators:

http://eLIBRARY.RU
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1) system analysis and formulation ingredients;
2) proteins, fats, and carbohydrates;
3) amino and fatty acids;
4) energy value;
5) amino acid score for the main essential amino 

acids; and
6) utility factor and comparable redundancy.
Product development relies on software with a rele- 

vant database of fatty acid profiles for various products. 
In a more recent study, Nikitina & Sus added the stage 
of calculating the vitamin and mineral composition to 
the initial the algorithm [20]. However, the authors did 
not describe the stage of system analysis and ingredient 
matching. Moreover, the algorithm includes no stage 
of structural and sensory optimization, which means 
that the development process will be complicated by 
a long chain of trials.

Karpov & Portnov adhered to a similar algorithm  
but stated that the amino acid and fatty acid composi- 
tion of the new product should comply with individual 
nutritional and diet requirements [32]. They suggest 

achieving the optimal physical and chemical parame- 
ters by observing the ratios of fats vs. proteins and carbo- 
hydrates vs. proteins. However, their scheme also lacked 
the stage of analysis and ingredient matching.

Obviously, this method is applicable exclusively to 
the development of food products for client-tailored 
diets. Its obvious disadvantage is the effort-consuming 
selection of the variances in quality indicators, as well 
as in optimal amino acid and fatty acid compositions. 
Apparently, the only way to optimize the sensory profile 
of the new product is by numerous test trials. 

Razumovskaya et al. emphasized the stage of raw 
material matching [33]. They offered a system that 
allows food designers to observe specific ratios of all 
components (Fig. 1).

The concepts of tolerance, stability, solubility, and 
introduction sequence make it possible to reduce the 
number of experimental trials. However, the method can- 
not be used to optimize the cost of raw materials and is 
quite labor-intensive because the sensory, physicochemi- 
cal, and toxicological parameters are determined more  

Table 1. Meat product parametric description

Таблица 1. Параметрическое описание мясного продукта

Indicator group Parameter 
Organoleptic properties Sight

Smell
Color
Taste

Juiciness
Consistency

Energy value Biological oxidation
Biological value Protein content and amino acid composition

Macro- and microelements
Vitamins

Carbohydrates and their composition
Moisture content and water activity

Fat content and composition
Safety Microbial content

Ballast content
Toxins

Chemical compounds caused by technological processing or storage
Culinary Processing capacity

Processing degree
Functional and technological Water holding capacity

Fat-binding capacity
pH

Plasticity
Tenderness

Structural and mechanical 
characteristics

Water-binding capacity
Protein content and state

Fat content and state
Content of connective tissue and tendons

Texture
Structure
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than once. Moreover, the authors did not explain how 
to optimize the composition of the model formulation.

Trubina et al. adapted the algorithm to therapeutic 
meat products by introducing the stage of food additives 
that fortify the new product with micronutrients [35]. 
The authors stress the high complexity of component 
matching to provide the specified quality indicators. To 
solve this problem, they propose to apply mathematical 
planning, artificial intelligence, multidimensional sca- 
ling, cluster analysis, and, most important, data mining.

According to Lisitsyn et al., to achieve the desired 
properties, food designers should start by specifying the 
methods of fortification/elimination, food combinatorics, 
optimization of heat treatment modes, etc. (Fig. 2) [36].

Lisitsyn et al. saw enzymatic tenderization, in vivo  
modification, and animal welfare optimization as par- 
ticularly promising methods for obtaining new func- 
tional products [36].

Ursachi et al. pursued the same strategy but added 
some promising food processing technologies, e.g., 
ultrasonic treatment, high pressure and cold plasma, 
fortification of meat products with pro- and prebiotics, 
etc. [37]. In theory, this list could be augmented with 
radurization and microwave treatment, which are gaining 
popularity as means of defrosting meat bulks. Despite 
the extensive methodological and theoretical studies, 
these technical solutions cannot become mainstream 
in the domestic meat processing industry and require 
additional research [38–44].

Kalinin & Potoroko declared the priority of biolo- 
gically active additives that make food products func- 
tional (Fig. 3) [22]. Their approach attached particular 
importance to the way micronutrients are delivered 
and chemically transformed in all structural elements 
of the food matrix during technological processing, 
storage, and digestion. The algorithm also included 

 

Composition development 
 

Technological indicators 

Technological indicators 

Tolerance 

Sensory indicators 

Study of technological properties for each component 
 

Study of each product component characteristics 
 

Physical and chemical 
indicators 

Microbiological 
indicators 

 

Solubility Structural and mechanical 
indicators 

Stability (temperature, pH, time, 
enzyme) 

Establishment of introducing component sequence 

Concentration Physical and chemical 
indicators 

Sensory indicators 
 

Physical and chemical 
indicators Concentration Sensory indicators 

Optimizing the model formulation 

Ratio and content of macro- and microelements, enzymes, 
and essential amino acids 

Ratio and content  
of proteins, fats,  

and carbohydrates 

Energy value minimization 

Quality assessment and regulatory documentation 

Toxicological indicators 

Figure 1. Methodological principles of food product development [33]

Рисунок 1. Методологические принципы проектирования продуктов питания [33]
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How to achieve desired properties 

Product with preset properties 

Change the formulation Modify animal raw materials in vivo 

Change the animal 
welfare 

Use genetic 
engineering 

Develop the desired properties Use food additives Use in vivo 
modification 

Develop new products 
based on tissue-specific 

proteins/peptides 

Change the diet of the 
animals 

Figure 2. Developing meat products with preset properties [36]

Рисунок 2. Разработка продуктов питания на мясной основе с заданными свойствами [36]

  

  

Select the bioactive substance and study its properties 
 

Determine the final product  
 

Choose the delivery system/technological approach for bioactive substances  
 

Develop the formulation and technology 

Evaluate the bioavailability and bioactivity of the biologically active substances in the product system 

Experimental product manufacture 
 

Optimization 

Solubility in water and other environments 

Particle size 

Membrane permeability 

Bioavailability and bioactivity in an in vitro digestion model 

Cell-structure model in vitro 

Molecular properties in silico 

Production and consumption volumes 
 

Consumer behavior model 

Define the dose of the bioactive substances Define the stage of introducing the bioactive substances 

Bioavailability and bioactivity  
in an in vitro digestion model 

Stability of the bioactive substance  
in the product system 

Possible losses 

Molecular modelling 
 in silico 

Build a cellular structure model in vitro 

Commodity quality assessment Preset properties confirmation in vitro 

Product safety assessment 
 

Bioactive substances modification Formulation and technology Clinical trials in vitro 

Figure 3. Methodology of integrated approach to healthy food production with proven effectiveness [22] 

Рисунок 3. Методология интегрированного подхода производства продуктов для здорового питания с доказанной эффективностью [22]
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the market promotion stage. The disadvantage of this 
approach is in the high economic costs of establishing 
the effectiveness of fortified foods.

Chemical and physiological compatibility of all  
ingredients is usually achieved by assessing the bioavai- 
lability and bioactivity of biologically active substances. 
Apparently, this stage presupposes determining the in- 
gredient composition of the product under development. 
However, the scheme proposed by Kalinin & Potoroko  
postpones the formulation until the very final stage [22].  
As a result, the only way to optimize the new formula- 
tion is either to appeal to an existing formulation or to mo- 
dify a basic one, which is the main disadvantage of 
this algorithm.

Still, the method might appear quite effective for 
tailored diets. It is, however, hardly applicable to mass 
consumption products because the multiple trials and 
product tests are expensive. Again, the authors failed to 
explain the optimization of structural properties, sensory 
profile, and material costs.

According to Dydykin, the degree to which the pro- 
duct satisfies human physiological needs can be defined 

by assessing the nutrient potential of raw materials, their 
processing, and functional ingredients [34]. The nutrient 
profile of the new product depends on the biological 
value of the diet. Figure 4 illustrates another methodo- 
logy for developing functional meat products.

Sijtsema et al. and Saguy & Taoukis offered a cyclic 
approach to product development as an alternative to the 
linear one [45, 46]. The cyclic approach presupposes a 
continuous interaction with consumers, resulting in a 
progressive product improvement. This algorithm makes 
it possible to identify the real consumer perception and 
avoid the subjectivity factor. However, it is consumer 
properties that are improved, not the biological value. 
If the product is not in demand, and the meat producers 
receives no feedback from customers, they have no data 
to improve the product.

Nikitina eliminated these disadvantages by focusing 
her method on a specific consumer or target group: 
in general, product development should follow diet 
development (Fig. 5) [12].

The method offered by Nikitina implies the optimi- 
zation of structural, mechanical, functional, and tech- 

 

 

Nutrient profile requirements determining 

Analysis of meat raw material 

Preparing the meat 
system 

Water  
treatment 

Grinding Pressure 
processing Ionizing radiation 

treatment 
Electroactivation Deuterium reduction 

Functional ingredient or complex Computer modeling 

Determination of technological impact on safety and hallmark 

Production technology optimization 

Technological reproducibility in real conditions 

Efficiency and safety assessment 

Analytical assessment In vivo, in vitro, and ex vivo tests 

Registration and certification 

Figure 4. Methodology of functional meat products development [33]

Рисунок 4. Методология создания функциональных мясных продуктов [33]
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nological indicators of the food system [12]. The search 
for optimal solutions employs mathematical models 
that reflect the functional relationships between the 
abovementioned indicators of raw ingredients and fini- 
shed products, including the economic perspective. 
Product development relies on a digital twin, which 
copies the structural, functional, and technological 
properties of the ingredients, as well as the biochemical 
and colloidal kinetics that define the patterns of beha- 
vior of food systems triggered by the changes in various 
physical and chemical factors. Computer modeling pre- 

dicts the energy, moisture, fat, carbohydrates, vitamins, 
microelements, proteins, and biological value in the 
designed product. Virtual imitations and trials help to 
choose the optimal formulation.

This approach needs no actual experimental trials, 
which makes it quite economical. On the other hand, it 
requires a constant update of factual information about 
the quality indicators of raw materials. If the software is 
integrated into a corporate information network, it needs 
an extensive database on the kinetics of biochemical 
and colloid-chemical processes.

Study an adequate diet, i.e., intake standards 
and parametric description 

Evaluate and optimize the structure of the current diet 

Is the diet 
adequate? 

Conduct an expert analysis of the imbalances; 
add other products to the diet 

Optimize the structure  
and parameters of the modified diet 

Parametric description of the product 

Do the component matching 

Perform a multicriterial structural  
and parametric optimization of the product 

at different levels 

Is the diet 
adequate? 

Optimal diet 

Develop recommendations for dietary 
pattern and menu 

Optimize the structure and parameters 
of the diet 

Is the diet 
adequate? 

Yes 

Yes 

Yes 

No 

No 

No 

Develop the optimal dietary pattern, 
appearance, and menu 

 

Start 

Finish The product formulation 
 

Figure 5. Algorithm for structural-parametric optimization [12]

Рисунок 5. Диалоговый алгоритм структурно-параметрической оптимизации [12]
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Tailored approach to food development was also re- 
ported by Di Renzo et al., Prosekov, and Prosekov et al.,  
who described a new scientific branch of omic science, 
which covers nutrigenetics, nutrigenomics, and pro- 
teomics [47–49]. It studies the relationship between 
food-related diseases and changes in human genotype 
and food preferences, the effect of various substances 
on genome, etc. These studies stress the importance of 
using nutrigenetic testing in food product development.

Conclusion
In case of complex meat systems, holistic forecasting 

depends on a great number of quality indicators, which 
require application of modern software. Effectiveness of 
approaches to formulating new meat products reviewed 
in this article depending on technology level of such 
advanced technologies. The current shortage of domestic 
software caused by the emigration of IT specialists 
hinders the introduction of technological solutions into 
meat product development.

Accurate forecasting of meat product quality re- 
quires relevant information about the actual physical, 
chemical, technological, and other indicators that cha- 
racterize the behavior patterns of heterogeneous dis- 
persed meat systems and their functional interrelati- 
onships. Meat producers can obtain this information 
either by collection data in real time or using existing 
datasets. The first option demands a thorough inco- 
ming control of raw materials within production pro- 
cess or in cooperation with third-party organizations, 

which inevitably reduces the profitability. In this  
case, software integrated into the corporate information 
network can solve the problem. The second option is 
currently unavailable because most datasets are not 
publicly available or lacking. We offer the following 
solution: advanced express analysis equipment based on 
artificial intelligence or dynamic image analysis and free 
public databases updated by its users, like Wikipedia.
org. In this case, even small meat processing plants will  
gain access to effective methods for modeling meat 
product formulations, which will raise their domestic 
and global competitiveness.

Contributions
The authors were equally involved in writing the 

manuscript and are responsible for any potential cases 
of plagiarism or self-plagiarism.

Conflict of interest
The authors declare that there is no conflict of interest 

regarding the publication of this article.

Критерии авторства
Авторы в равной степени участвовали в написа- 

нии рукописи и несут ответственность за плагиат 
и самоплагиат.

Конфликт интересов
Авторы заявляют об отсутствии конфликта ин- 

тересов в связи с публикацией данной статьи.

References

1. Grahl S, Palanisamy M, Strack M, Meier-Dinkel L, Toepfl S, Morlein D. Towards more sustainable meat alternatives: 
How technical parameters affect the sensory properties of extrusion products derived from soy and algae. Journal of Cleaner 
Production. 2018;198:962–971. https://doi.org/10.1016/j.jclepro.2018.07.041

2. Danilov YuD, Gorlov IF, Slozhenkina MI, Zlobina EYu, Slozhenkina AA, Mosolova DA. Studying the opportunity 
of extruded nute and wheat use in sausage products technology of increased biological values. Proceedings of Lower 
Volga Agro-University Complex: Science and Higher Education. 2018;50(2):257–270. (In Russ.). [Изучение возможности 
использования экструдированных нута и пшеницы в технологии колбасных изделий повышенной биологической 
ценности / Ю. Д. Данилов [и др.] // Известия Нижневолжского агроуниверситетского комплекса: Наука и высшее 
профессиональное образование. 2018. Т. 50. № 2. С. 257–270.]. https://elibrary.ru/VOQSFJ

3. Rodionova NS, Shchetilina IP, Korotkova KG, Cholin VA, Cherkasova NS, Torosyan AO. Prospects for the use of 
pulses in innovative technologies for functional food products. Proceedings of the Voronezh State University of Engineering 
Technologies. 2020;82(3):153–163. (In Russ.). https://doi.org/10.20914/2310-1202-2020-3-153-163

4. Kandylis P, Kokkinomagoulos E. Food applications and potential health benefits of pomegranate and its derivatives. 
Foods. 2020;9(2). https://doi.org/10.3390/foods9020122

5. Monteiro GC, Minatel IO, Junior AP, Gomez-Gomez HA, de Camargo JPC, Diamante MS, et al. Bioactive compounds 
and antioxidant capacity of grape pomace flours. LWT. 2021;135. https://doi.org/10.1016/j.lwt.2020.110053

6. Ubbink J. Materials science approaches towards food design. In: Bhandari B, Roos YH, editors. Food materials 
science and engineering. Blackwell Publishing Ltd; 2012. pp. 177–203. https://doi.org/10.1002/9781118373903.ch7

7. Kaur R, Sharma M. Cereal polysaccharides as sources of functional ingredient for reformulation of meat products: 
A review. Journal of Functional Foods. 2019;62. https://doi.org/10.1016/j.jff.2019.103527

8. Han M, Bertram HC. Designing healthier comminuted meat products: Effect of dietary fiders on water distribu- 
tion and texture of a fat-reduced meat model system. Meat Science. 2017;133:159–165. https://doi.org/10.1016/j.meatsci. 
2017.07.001

http://Wikipedia.org
http://Wikipedia.org
https://doi.org/10.1016/j.jclepro.2018.07.041
https://elibrary.ru/VOQSFJ
https://doi.org/10.20914/2310-1202-2020-3-153-163
https://doi.org/10.3390/foods9020122
https://doi.org/10.1016/j.lwt.2020.110053
https://doi.org/10.1002/9781118373903.ch7
https://doi.org/10.1016/j.jff.2019.103527
https://doi.org/10.1016/j.meatsci.2017.07.001
https://doi.org/10.1016/j.meatsci.2017.07.001


707

Мирошник А. С. [и др.] Техника и технология пищевых производств. 2023. Т. 53. № 4. С. 698–709

9. Zolotin AYu, Simonenko SV, Antipova TA, Felik SV, Simonenko ES, Sedova AE. Food development methodology. 
Food Industry. 2019;11:50–55. (In Russ.). https://doi.org/10.24411/0235-2486-2019-10177

10. Statsenko ES, Kodirova GA. Development of recipes for enriched food concentrates for the second course using 
multivariate analysis. Achievements of Science and Technology in Agro-Industrial Complex. 2021;35(4):72–76. (In Russ.). 
https://doi.org/10.24411/0235-2451-2021-10412

11. Aggett PJ. Dose-response relationships in multifunctional food design: Assembling the evidence. International 
Journal of Food Sciences and Nutrition. 2012;63(1):37–42. https://doi.org/10.3109/09637486.2011.636344

12. Nikitina MA. Integration of digital technologies in the decision-making process in the development of food  
products with preset composition and properties. Dr. eng. sci. diss. Moscow: Moscow State University of Food Produc- 
tion; 2020. 265 p. (In Russ.). [Никитина М. А. Интеграция цифровых технологий в процесс принятия решений при 
разработке пищевых продуктов заданного состава и свойств: дис. … д-ра техн. наук: 05.13.06. М., 2020. 265 с.]. 
https://elibrary.ru/ZLLFOA

13. Lipatov NN. Theory and practice of designing food systems based on the phenomenological approach. Izvestiya 
Vuzov. Food Technology. 1990;6:5–10. (In Russ.). [Липатов Н. Н. Принципы и методы проектирования рецептур пищевых 
продуктов, балансирующих рационы питания // Известия высших учебных заведений. Пищевая технология. 1990.  
№ 6. С. 5–10.]. https://elibrary.ru/PZMWCD

14. Nikitina MA, Sus EB, Zavgorodneva DV. Information technologies in development of multicomponent meat products 
taking into account biological value. Vsyo o Myase. 2014;(4):48–51. (In Russ.). [Никитина М. А., Сусь Е. Б., Завгороднева 
Д. В. Информационные технологии в разработке многокомпонентных мясных продуктов с учетом биологической 
ценности // Все о мясе. 2014. № 4. С. 48–51.]. https://elibrary.ru/SMEQUT

15. Lisitsyn AB, Nikitina MA, Zakharov AN, Sus EB, Nasonova VV, Lebedeva LI. Prediction of meat product quality 
by the mathematical programming methods. Theory and Practice of Meat Processing. 2016;1(1):75–90. (In Russ.). https://doi.
org/10.21323/2414-438X-2016-1-1-75-90

16. Lisin PA, Moliboga EA, Voronova TD, Savelyeva YuS, Kister IV. The compositional design of multicom- 
ponent foodstuff. Agrarian Bulletin of the Urals. 2013;118(12):42–46. (In Russ.). [Композиционное проектирование 
поликомпонентных продуктов питания / П. А. Лисин [и др.] // Аграрный вестник Урала. 2013. Т. 118. № 12. С. 42–46.]. 
https://elibrary.ru/RPRXLL

17. Fiszman S, Varela P. The satiating mechanisms of major food constituents – An aid to rational food design. Trends 
in Food Science and Technology. 2013;32(1):43–50. https://doi.org/10.1016/j.tifs.2013.05.006

18. Derevitskaya OK, Dydykin AS, Aslanova MA, Sergeev VN, Zokhrabyan PR. Development of a meat-based product 
for enteral nutrition. Problems of Nutrition. 2018;87(3):51–57. (In Russ.). https://doi.org/10.24411/0042-8833-2018-10031

19. Farouk MM, Yoo MJY, Hamid NSA, Staincliffe M, Davies B, Knowles SO. Novel meat-enriched foods for older 
consumers. Food Research International. 2018;104:134–142. https://doi.org/10.1016/j.foodres.2017.10.033

20. Nikitina MA, Sus EB. Information system of design of foodstuff. Vsyo o Myase. 2015;(1):36–39. (In Russ.). 
[Никитина М. А., Сусь Е. Б. Информационная система проектирования пищевых продуктов // Все о мясе. 2015. № 1. 
С. 36–39.]. https://elibrary.ru/TJZFAL

21. Neburchilova NF, Petrunina IV. Principles of determination of value in use for meat and meat products based 
on quality indicators — the coefficients of consumer properties. Theory and Practice of Meat Processing. 2016;1(3):81–95.  
(In Russ.). https://doi.org/10.21323/2414-438X-2016-1-3-81-95

22. Kalinina IV, Potoroko IYu. Methodological approaches to creation of enriched food products with proven efficiency. 
Bulletin of the South Ural State University. Series: Food and Biotechnology. 2019;7(1):5–11. (In Russ.). https://doi.org/10.14529/
food190101

23. Nugmanov AKh-Kh. Theory and practice of designing food systems based on the phenomenological approach. 
Dr. eng. sci. diss. Krasnodar: Kuban State Technological University; 2017. 523 p. (In Russ.). [Нугманов А. Х.-Х. Теория и 
практика проектирования пищевых систем на основе феноменологического подхода: дис. … д-ра техн. наук: 05.18.12. 
Краснодар, 2017. 523 с.]. https://elibrary.ru/RCSVNP

24. Semipyatnyy VK. Principles of meta-analytical decomposition in the formation of digital identification profiles 
of food systems. Dr. eng. sci. diss. Moscow: V.M. Gorbatov Federal Research Center for Food Systems of RAS; 2021. 
345 p. (In Russ.). [Семипятный В. К. Принципы мета-аналитической декомпозиции при формировании цифровых 
идентификационных профилей пищевых систем: дис. … д-ра техн. наук: 05.18.04. М., 2021. 345 с.]. 

25. Donskikh NV, Muratova EI, Tolstykh SG, Leonov DV. Development of an automated information system for 
the calculation and optimization of food formulations. Izvestiya Vuzov. Food Technology. 2011;320–321(2–3):122–123. 
(In Russ.). [Разработка автоматизированной информационной системы для расчета и оптимизации рецептур /  
Н. В. Донских [и др.] // Известия высших учебных заведений. Пищевая технология. 2011. Т. 320–321. № 2–3.  
С. 122–123.]. https://elibrary.ru/NVWAIZ

https://doi.org/10.24411/0235-2486-2019-10177
https://doi.org/10.24411/0235-2451-2021-10412
https://doi.org/10.3109/09637486.2011.636344
https://elibrary.ru/ZLLFOA
https://elibrary.ru/PZMWCD
https://elibrary.ru/SMEQUT
https://doi.org/10.21323/2414-438X-2016-1-1-75-90
https://doi.org/10.21323/2414-438X-2016-1-1-75-90
https://elibrary.ru/RPRXLL
https://doi.org/10.1016/j.tifs.2013.05.006
https://doi.org/10.24411/0042-8833-2018-10031
https://doi.org/10.1016/j.foodres.2017.10.033
https://elibrary.ru/TJZFAL
https://doi.org/10.21323/2414-438X-2016-1-3-81-95
https://doi.org/10.14529/food190101
https://doi.org/10.14529/food190101
https://elibrary.ru/RCSVNP
https://elibrary.ru/NVWAIZ


708

Miroshnik A.S. et al. Food Processing: Techniques and Technology. 2023;53(4):698–709

26. Cazarin CBB, Bicas JL, Marostica Junior MR. 1st international congress bioactive compounds 2018 – Food design 
and health nutrition. Food Research International. 2020;134. https://doi.org/10.1016/j.foodres.2020.109224

27. Oliviero T, Fogliano V. Food design strategies to increase vegetable intake: The case of vegetable enriched pasta. 
Trends in Food Science and Technology. 2016;51:58–64. https://doi.org/10.1016/j.tifs.2016.03.008

28. Konishi Y. Food design system for sea foods based on functionality and texture. Nippon Suisan Gakkaishi. 
2008;74(2):257–258. https://doi.org/10.2331/suisan.74.257

29. Nikiforova AP, Damdinova TTs. Quality assessment of meat products by digital image processing. Production 
Quality Control. 2019;(3):32–38. (In Russ.). [Никифорова А. П., Дамдинова Т. Ц. Оценка качества мясных продук- 
тов методом цифровой обработки изображений // Контроль качества продукции. 2019. № 3. С. 32–38.]. https:// 
elibrary.ru/YYFBOX

30. Nikiforova AP, Damdinova TTs, Stolyarova AS. The study of organoleptic properties of fish products with the use 
of digital images processing. The Bulletin of ESSTUM. 2018;71(4):135–142. (In Russ.). [Никифорова А. П., Дамдинова 
Т. Ц., Столярова А. С. Изучение органолептических свойств рыбных продуктов с применением методов цифровой 
обработки изображений // Вестник ВСГУТУ. 2018. Т. 71. № 4. С. 135–142.]. https://elibrary.ru/AVWACY

31. Damdinova TTs, Nikiforova AP, Prudova LYu, Bubeev IT. The use of digital image processing methods to  
determine the moisture-binding capacity of meat and fish products. Software Systems and Computational Methods. 2019;(3): 
20–29. (In Russ.). https://doi.org/10.7256/2454-0714.2019.3.30646

32. Karpov VI, Portnov NM. Optimization of the recipe composition of a food product. System analysis in design and 
management: Proceedings of the XXIV International Research and Academic Conference; 2020; St. Petersburg. St. Petersburg: 
Politekh-Press; 2020. p. 169–182. (In Russ.). https://doi.org/10.18720/SPBPU/2/id20-164

33. Razumovskaja RG, Tsibizova ME, Kilmaev AA. Methodological principles of project of the functional food 
stuffs. Food Industry. 2011;(8):12–14. (In Russ.). [Разумовская Р. Г., Цибизова М. Е., Кильмаев А. А. Методологические 
принципы проектирования функциональных продуктов питания // Пищевая промышленность. 2011. № 8. С. 12–14.]. 
https://elibrary.ru/OHFXOV

34. Dydykin AS.  Developing scientific and practical foundations for new functional and specialized meat products 
based on the assessment of technological impact on their quality and safety. Dr. eng. sci. diss. Moscow: V.M. Gorbatov Federal 
Research Center for Food Systems of RAS; 2022. 379 p. (In Russ.). [Дыдыкин А. С. Развитие научно-практических основ 
создания функциональных и специализированных мясных продуктов c учетом оценки влияния способов технологичес- 
кого воздействия на их качество и безопасность: дис. … д-ра техн. наук: 05.18.04. М., 2022. 379 с.].

35. Shchedrina TV, Sadovoy VV, Trubina IA. Optimization of the prescription of foods for preventive nutrition. 
Modern Science and Innovations. 2018;24(4):149–157. (In Russ.). https://doi.org/10.33236/2307-910X-2018-4-24-149-157

36. Lisitsyn AB, Chernukha IM, Lunina OI, Fedulova LV. Legislative foundations and scientific principles of 
developing meat-based functional foods. Bulletin of Altai State Agricultural University. 2016;146(12):151–158. (In Russ.). 
[Законодательные основы и научные принципы создания функциональных пищевых продуктов на мясной основе /  
А. Б. Лисицын [и др.] // Вестник Алтайского государственного аграрного университета. 2016. Т. 146. № 12. С. 151–158.]. 
https://elibrary.ru/XDRUVP

37. Ursachi CȘ, Perța-Crișan S, Munteanu F-D. Strategies to improve meat products’ quality. Foods. 2020;9(12). 
https://doi.org/10.3390/foods9121883

38. Lebedeva EYu, Kasyanov GI. Innovative technologies for processing combined fish and vegetable raw mate- 
rials. Vestnik of Astrakhan State Technical University. 2022;74(2):24–30. (In Russ.). https://doi.org/10.24143/1812-9498- 
2022-2-24-30

39. Krasulya ON, Gurin AV, Skorikov MA, Kazakova EV. A cooked smoked sausage technology with the use of 
sonochemical effects to intensify raw material curing. Meat Industry. 2021;(6):37–41. (In Russ.). https://doi.org/10.37861/2618-
8252-2021-06-37-41

40. Minaev MYu, Mahova AA, Pchelkina VA. Production of recombinant metalloprotease of use for meat industry. 
Food Industry. 2019;(1):64–68. https://elibrary.ru/YXHEXR

41. Ryazantseva AO. Sausage breads and chopped semi-finished meat products with improved consumer proepr- 
ties based on protein-carbohydrate plant compositions. Cand. eng. sci. diss. Moscow: K.G. Razumovsky Moscow State 
University of Technologies and Management; 2019. 215 p. (In Russ.). [Рязанцева А. О. Проектирование колбасных 
хлебов и мясных рубленых полуфабрикатов с улучшенными потребительскими характеристиками на основе 
белково-углеводных растительных композиций: дис. … канд. техн. наук: 05.18.15. М., 2019. 215 с.]. https:// 
elibrary.ru/WMNLEB

42. Ayyash M, Liu S-Q, Al Mheiri A, Aldhaheri M, Raeisi B, Al-Nabulsi A, et al. In vitro investigation of health-
promoting benefits of fermented camel sausage by novel probiotic Lactobacillus plantarum: A comparative study with beef 
sausages. LWT. 2019;99:346–354. https://doi.org/10.1016/j.lwt.2018.09.084

https://doi.org/10.1016/j.foodres.2020.109224
https://doi.org/10.1016/j.tifs.2016.03.008
https://doi.org/10.2331/suisan.74.257
https://elibrary.ru/YYFBOX
https://elibrary.ru/YYFBOX
https://elibrary.ru/AVWACY
https://doi.org/10.7256/2454-0714.2019.3.30646
https://doi.org/10.18720/SPBPU/2/id20-164
https://elibrary.ru/OHFXOV
https://doi.org/10.33236/2307-910X-2018-4-24-149-157
https://elibrary.ru/XDRUVP
https://doi.org/10.3390/foods9121883
https://doi.org/10.24143/1812-9498-2022-2-24-30
https://doi.org/10.24143/1812-9498-2022-2-24-30
https://doi.org/10.37861/2618-8252-2021-06-37-41
https://doi.org/10.37861/2618-8252-2021-06-37-41
https://elibrary.ru/YXHEXR
https://elibrary.ru/WMNLEB
https://elibrary.ru/WMNLEB
https://doi.org/10.1016/j.lwt.2018.09.084


709

Мирошник А. С. [и др.] Техника и технология пищевых производств. 2023. Т. 53. № 4. С. 698–709

43. Tikhonov SL, Tikhonova NV, Moskalenko NYu, Kudryashova OA, Kudryashov LS. Development of a device 
for increasing the storage duration of food products by processing with low-temperature gas plasma. Polzunovskiy Vestnik. 
2021;(1):74–83. (In Russ.). https://doi.org/10.25712/ASTU.2072-8921.2021.01.010

44. Karpov VI, Krasulia ON, Tokarev AV. Artificial intelligence in a technological production system of the set 
quality. Proceedings of the Voronezh State University of Engineering Technologies. 2017;79(1):106–113. (In Russ.). https://
doi.org/10.20914/2310-1202-2017-1-106-113

45. Sijtsema SJ, Fogliano V, Hageman M. Tool to support citizen participation and multidisciplinarity in food innovation: 
Circular food design. Frontiers in Sustainable Food Systems. 2020;4. https://doi.org/10.3389/fsufs.2020.582193

46. Saguy S, Taoukis PS. From open innovation to enginomics: Paradigm shifts. Trends in Food Science and Technology. 
2017;60:64–70. https://doi.org/10.1016/j.tifs.2016.08.008

47. Di Renzo L, Gualtieri P, Romano L, Marrone G, Noce A, Pujia A, et al. Role of personalized nutrition in chronic-
degenerative diseases. Nutrients. 2019;11(8). https://doi.org/10.3390/nu11081707

48. Prosekov AYu. The methodology of food design. Part 1. The individual aspect. Theory and Practice of Meat 
Processing. 2020;5(4):13–17. https://doi.org/10.21323/2414-438X-2020-5-4-13-17

49. Prosekov AYu, Vesnina AD, Kozlova OV. The methodology of food design. Part 2. Digital nutritiology in personal 
food. Theory and Practice of Meat Processing. 2021;6(4):328–334. https://doi.org/10.21323/2414-438X-2021-6-4-328-334

https://doi.org/10.25712/ASTU.2072-8921.2021.01.010
https://doi.org/10.20914/2310-1202-2017-1-106-113
https://doi.org/10.20914/2310-1202-2017-1-106-113
https://doi.org/10.3389/fsufs.2020.582193
https://doi.org/10.1016/j.tifs.2016.08.008
https://doi.org/10.3390/nu11081707
https://doi.org/10.21323/2414-438X-2020-5-4-13-17
https://doi.org/10.21323/2414-438X-2021-6-4-328-334

