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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.

Keywords. Food combinatorics, mathematical modeling, digital twin, structural and parametric optimization, cyclic approach,
mathematical programming, biological value
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AHHOTAIHS.

PanuonanbHOE HCTIOIB30BAHUE PECYPCOB MsICOTIEpepadaTHIBAIOIIETO TIPEIPHUSITHS SIBIISETCS OCHOBOM /ISl O/ICPIKAHUSI BBICOKOTO
YPOBHSI pEHTA0EIBPHOCTH MTPOU3BOJICTBA M 3aBHCHT OT IIOCTOSTHHOTO COBEPIICHCTBOBAHUS CYIIECTBYIOIIUX PEHENTYP MICHBIX
MPOAYKTOB ¥ pa3paboTKH HOBBIX. DPPEKTHBHOE BBITOIHEHHE ITHX 3a/1a4 BO3MOYKHO ITPU UCIIOIb30BaHUN aHATUTUYECKUX METO/IOB,
a TaKk)Ke KOMIUIEKCHOTO U CHCTEMHOTO IOJX0/0B. PaccMoTpenn 0COOEHHOCTH, HEAOCTATKH U MIPEUMYIIECTBA COBPEMEHHBIX
TEXHUYCCKUX PEIICHUU, METOJOB U MOJXOJO0B K MOJCIHUPOBAHUIO MOJUKOMIOHECHTHBIX MSCHBIX MPOJYKTOB C 3aJaHHBIMU
MoKa3aTeIsIMHU KayecTBa.

W3yuniny HaydHBIC CTAaThU PEHCH3HPYEMBIX BEAYIIMX HAYYHBIX HW3JIaHUU, Y4COHO-MCETONMYECKHE MaTepHalibl, HAY4YHO-
uccie0BaTeabcKe paboThl, OMyOIMKOBAaHHBIC B QIIEKTPOHHOM BH/IE AUCCEPTALMOHHBIMU coBeTaMu Poccuiickoit deneparuu, u
00BEKTHI HHTEIUICKTYaIbHON COOCTBEHHOCTH, Pa3MEIICHHBIC B OTKPBITHIX peecTpax DenepalbHOr0 HHCTHTYTA MIPOMBIIUICHHOM
cobcTBeHHOCTH, B tepuo 1990-2022 rr. o uzydaemoii teme.

IpencraBunu OMUCaHWe OCHOBHBIX MPUHIIMIIOB MPOEKTHPOBAHUS MUIIEBON MPOAYKIUNA U OCOOEHHOCTEH MapaMeTpuIecKux
MOJIeJICH, UCIIOJIB3YEMbIX JIJIsl OTIMCAHUS MUIICBBIX CUCTEM. Y CTAHOBHIIN OTCYTCTBHE YHUBEPCAIbHOW METOUKH pa3pabOTKU
MSICHOU MPOAYKIIMK KaK B aCMEKTe MPUMEHUMOCTH K Pa3lUYHBIM BHAAM IOJTMKOMIOHEHTHBIX MSICHBIX MPOIYKTOB, TaK H
menei MpOeKTUPOBAHHUS.

Hu oaun u3 pa3paboTaHHBIX METOJOB MPOSKTUPOBAHUS PELENTYPHOTO COCTaBa MHOTOKOMIIOHEHTHBIX MSICHBIX CHCTEM 0e3
Hanuaus GaKTHICCKON HHPOPMAIIUH O MTOKA3aTENSAX ChIPhSI N3-3a MX BBHICOKOW BapuabeIbHOCTH B PEaIbHBIX YCIOBHAX, 4 TAKIKE
MEJUICHHO# aJlalTalliy MepeIoBbIX HHPOPMAIIMOHHBIX TEXHOJIOTHI MMOJT 331a4H MHIICBOM MPOMBIIIIIICHHOCTH HE MO3BOJISACT JOCTHYD
BBICOKOTO YPOBHSI TOYHOCTH MPOTHO3UPOBAHKSI KAYECTBEHHBIX MMOKa3aTeleil roroBoi npoaykuuu. Co3manue o0mea0CTymHOH,
MOJAPOOHON U MOCTOSTHHO OOHOBIISFOIEHCS 0a3bl JAHHBIX MO MOKA3aTENsIM Ka4eCTBa ChIPhS MOTJIO OBl YACTUYHO PCUIMTH ITY
npobiemy.

KaroueBsie ciioBa. [Tniesas koMmOHHATOPHKA, MATEMaTHIECKOE MOJICINPOBAaHUE, IU(PPOBOH IBOWHKK, CTPYKTYPHO-TIapaMeTpH-
4eckas ONTHMHU3AIMS, [UKINYECKUH MOX0/I, MATeMaTHYECKOe IPOrpaMMUpOBaHKe, OHOJIOTHYECKasi IIEHHOCTh

Juast nutupoanusi: Mupomnuk A. C., 'opnos U. @., Cnoxenkuna M. U. [Toaxoasr K MpOEKTUPOBAHUIO PELENTYP MACHBIX
MPOJYKTOB C 3aJaHHBIMH IMOKa3aTeJsIMU KadecTBa // TeXHHKAa M TEXHOJIOTHS NMHUIIEBBIX mpou3Boxcts. 2023. T. 53. Ne 4.
C. 698-709. (Ha anrun.). https://doi.org/10.21603/2074-9414-2023-4-2471

Introduction food formulations fail to meet the physiological needs
Meat processing needs new effective and universal ~ of professional or age communities. They have to be
methods to increase its profitability. As a rule, such me- ~ updated in accordance with the discoveries made by
thods are based on a rational use of enterprise resources. ~ nutrition science, which keeps finding new raw materials
Currently, the food industry tackles this urgent issue and ingredients, including structure formers [1-5]. Some
by updating the range of food products. authors report a general trend towards expanding the
However, new formulations are short-lived because range of products that are totally different from those
they fail to keep pace with the rapidly changing market in current circulation [6—9]. Thus, meat producers have
conditions. Quite often, even the most advantageous 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;
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— 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:
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Table 1. Meat product parametric description

Tabmuna 1. ITapameTpuueckoe onucanue MICHOTO IPOTYKTa

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

Water-binding capacity

characteristics

Protein content and state

Fat content and state

Content of connective tissue and tendons

Texture

Structure

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
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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 ef 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
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| Study of each product component characteristics |

v v

v v

| Toxicological indicators Physical and chemical
indicators

Microbiological Sensory indicators
indicators

.

| Study of technological properties for each component |

v

v v

| Solubility | Structural and mechanical

indicators

Stability (temperature, pH, time,

Tolerance |

enzyme)

:

| Establishment of introducing component sequence |

v v

v

| Sensory indicators Physical and chemical
indicators

Concentration | Technological indicators |

s

| Composition development |

v v

v v

| Sensory indicators Physical and chemical
indicators

Concentration Technological indicators |

s

| Optimizing the model formulation |

v v

v

Ratio and content
of proteins, fats,
and carbohydrates

Energy value minimization

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

s

Quality assessment and regulatory documentation

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

Pucynok 1. MeTononoruueckie NpUHIMITEI IPOEKTHPOBAHMS IPOTYKTOB NUTaHus [33]

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].
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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
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| How to achieve desired properties |

v v

| Change the formulation | | Modify animal raw materials in vivo |
| Use food additives | |Develop the desired properties| Change the animal Use in vivo Change the diet of the
welfare modification animals
v
Use genetic Develop new products
engineering based on tissue-specific
proteins/peptides
v \ 4 v \ 4 v *

Product with preset properties

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

Pucynok 2. PazpaboTka nNpoAyKTOB MUTaHUS Ha MSICHOW OCHOBE C 33aJJaHHBIMHU CBOMcTBaMu [36]

| Select the bioactive substance and study its properties |
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| Solubility in water and other environments | |Bioavailability and bioactivity in an in vitro digestion model|
v Vv
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¢
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v v

| Consumer behavior model | | Production and consumption volumes |

¢

| Choose the delivery system/technological approach for bioactive substances |

¢
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v v
| Possible losses | Bioavailability and bioactivity
in an in vitro digestion model

\4
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Figure 3. Methodology of integrated approach to healthy food production with proven effectiveness [22]

Pucynok 3. MeTomoorust HHTErpUPOBAaHHOTO MOAXO0/1a IPOU3BOJICTBA IIPOAYKTOB JUIS 3JI0POBOT0 MUTAHUS C JOKa3aHHOH () (heKTUBHOCTBIO [22]
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l
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| Technological reproducibility in real conditions |

.

| Efficiency and safety assessment |

'

v
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| In vivo, in vitro, and ex vivo tests |

v

Registration and certification |

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

Pucynok 4. Meroosiorus co3aanust pyHKIHOHAIBHBIX MSCHBIX MPOIYKTOB [33]

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

Pucynok 5. JInanoroBslif airopuT™ CTpyKTypHO-IIapaMeTpudeckoi ontumuzanuu [12]

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.
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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 heterogencous 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.
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