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Abstract. The most complete provision of the human body with physiologically useful nutrients in the required
quantities can be achieved due to the diversity of the chemical composition of the group of functional products,
which determines the actualization of its creation. Approaches, based on experimental-statistical and linear pro-
gramming methods, are mainly used to design recipes for multicomponent food systems. One of the most common
programs for calculating recipes is MS Excel. The aim of the study is to design with the help of MS Excel sofiware
a complex multi-component cheese product with vegetable filling, enriched with selenium, which will increase the
content of essential fatty acids to a level comparable to human daily needs, reduce cholesterol to WHO recom-
mended consumption, increase in carotenoids, vitamin C, dietary fiber and selenium. Results. A recipe for a multi-
component cheese product enriched with selenium has been developed. An optimized complex cheese product with
a vegetable filler based on a multicomponent cheese product enriched with selenium has been designed. The article
presents the method of designing new functional food products, the chemical composition of developments, deter-
mines the nutritional and energy values of cheese product enriched with selenium, and optimized cheese product
with vegetable filler based on it. It was found that the consumption of 100 g of cheese product with vegetable filler
is able to meet the daily need for nutrients by 13.4 %, while the multi-component cheese product — by 9.6 %. Conclu-
sions. Development of food products of optimal composition by mathematical modeling allows to reduce financial
and time costs for food development, respond to changes in human needs in a man-made society and significantly
expand the range of functional, dietary products, aimed at feeding certain groups. Expanding the capabilities of
optimization software allows reaching a qualitatively new level in the development of new types of food products
with a given chemical composition, consumer and technological characteristics. Thus, the implementation of this
task allowed to increase the share of vegetable fat as a source of polyunsaturated fatty acids in the cheese product,
antioxidants, some vitamins and cheaper raw materials, by adding selenium-protein dietary supplement and pump-
kin puree.

Key words: cheese product, vegetable filler, selenium-protein dietary supplement, pumpkin puree, optimization,
multicomponent composition.

Problem statement in general. Production
of products with a multicomponent composition,
which includes both basic and micronutrients,
is one of the main areas of health nutrition. The

functional and technological properties, taking into
account the phenomenon of synergy, which ultimately
increases their competitiveness [2].

The optimal solution to these problems in food

most complete provision of the human body with
physiologically useful nutrients in the required
quantities can be achieved due to the diversity of
the chemical composition of this group of products,
which determines the actualization of its formation.
Such products are able to restore the microflora of the
gastrointestinal tract, improve the immune resistance
of various diseases, maintain human health and
facilitate its recovery after illness [1].

Nutrients must enter the human body in a certain
amount and ratio — such principle of the theory of
balanced nutrition is the basis for the design of food
products of complex raw materials. That is why it is
possible to achieve a directed physiological effect by
combining the composition of prescription mixtures.
In the development of new recipes, it is also important
to be able to model the consumer characteristics of
finished products, predict their biosafety, quality and
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design can be achieved through their formalized
mathematical description. This description is called
a mathematical model, which reflects in analytical
form many functional relationships between
technological, economic and other parameters of
raw ingredients, the required characteristics of
finished products (target function) and a number of
limitations arising from regulatory requirements [3].
Therefore, it is possible to calculate the recipe, which
in quantitative content and qualitative composition
will best meet the formula of a balanced diet,
medical and biological requirements and have high
consumer properties.

Analysis of recent studies and publications.
Approaches, based on methods of experimental and
statistical modeling and linear programming, are
mainly used to design recipes for multicomponent
food systems.
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So, when developing optimal recipes for dry
breakfasts of increased biological value, the
methodology of experimental and statistical modeling
is used, the class of tasks «technology—system». The
methodology is based on the identification of the key
modeling nutrient and optimization of its quality [4].

When optimizing food recipes, it is known to use
the simplex method, which is a numerical method for
solving a linear programming problem that allows to
find the optimal solution: find the extremum of a linear
objective function under linear constraints on the
desired variables. The calculations involve objective
function, restrictions on the content of nutrients and
boundary conditions for some variables [5].

Based on the Mitchell-Block principle, the
following are proposed: the coefficient of utilization of
essential amino acids; coefficient of utility of the amino
acid composition in the product g/100 g of protein;
coefficient of amino acid composition, characterizing
the balance of essential amino acids in relation to
the physiologically necessary norm (standard).
In addition, this method provides definition of an
indicator of comparable redundancy of the content of
essential amino acids, characterizing the total mass of
essential amino acids that are not used for anabolic
purposes [6].

The paper [7] considers a method for designing
recipes for multicomponent food products, which
includes three stages: modeling the amino acid
composition of the protein of the designed food
product and choosing the values that best meet the
criterion; assessment of the fatty acid composition of
the designed product; calculation of the energy value
of the designed food products. It is most promising to
apply this technique to meat products that are included
in the diets of certain groups of people, united by age,
professional or other characteristics, whose nutrition
is centralized.

Of particular interest is the work [8], which
describes the solution of the problem of optimizing
the recipe for a biscuit semi-finished product. As the
main trends in the formulation of the problem, the

replacement of wheat flour with a more nutritious
one — triticale is taken. The criteria for assessing
the impact of various amounts of prescription
components on the quality of the finished product
include a complex indicator that characterizes the
properties and appearance of products, as well as the
height of the biscuit.

In the work [9] for the design of multicomponent
food products, the use of an object-oriented approach
is proposed. A distinctive feature of the object-oriented
approach to the design of recipes for multicomponent
food systems is the presentation of the recipe in the
form of a hierarchical structure. The main advantage
of an object-oriented representation is the possibility
of inheriting properties and methods, together with
the addition of new calculation formulas that take
into account the expansion of the raw material
assortment, production features, technical and
economic indicators of the processes occurring in the
production line devices.

An analysis of literary sources has shown that when
designing food products, the optimization problem
is sought to be simplified by reducing it to a single-
criterion one. The use of an object-oriented approach
to the calculation of recipes will allow solving
problems of multicriteria optimization. MS Excel is
one of the most widely used recipe calculators. When
using this software product, the data necessary for the
calculation, as well as the calculation formulas are
entered in the corresponding cells of the spreadsheet.

Formation of the purposes of the article. The
aim is to design with MS Excel software a complex
multicomponent cheese product with vegetable filling,
enriched with selenium, which will increase the
content of essential fatty acids to a level comparable
to daily human needs, reduce cholesterol to WHO
recommended consumption, increase carotene,
vitamin C, dietary fiber and selenium amounts to
enhance the functionality of the product.

Presentation of the main research material.
To meet the requirements for the recipe of processed
cheese product with the addition of selenium-protein

Table 1
Recipe for processed cheese with SPDS
. Content, kg

Name of raw materials raw materials | dry matter fat
Unsalted fresh cheese (dry matter of 55%, fat in dry matter of 45 %) 206 113,3 51
Low—fat cheese (dry matter of 40%) 184,5 83,0 —
Skimmed cow’s milk powder (dry matter of 96%) 30,9 29,7 -
Peasant butter (dry matter of 75%, fat 72,5%) 84,5 63,4 61,3
Mixture of sodium polyphosphate and sodium pyrophosphoric trisubstituted 103.0 206
(dry matter of 20%) ’ ’ B
Granulated sugar 206,0 206 —
Selenium Protein Dietary Supplement (SPDS) 33,9 28,8 —
Drinking water 9,1 — —
Total: 1030 544.8 112,3
Output: 1000 500 100
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dietary supplement (SPDS) component composition
of processed cheese enriched with selenium, the
recipe of which is given in table 1, has been analyzed.

The raw material base of processed cheese is
represented by fat-containing (fat rennet cheese, butter),
protein-containing (rennet cheeses, skimmed milk
powder, SPDS), as well as carbohydrate components
(granulated sugar, skimmed milk powder (SMP),
SPDS). Based on the available data on the chemical
composition of prescription ingredients (table 2), the
nutritional and energy value of processed cheese was
determined using a MS Excel spreadsheet program.

The protein content in the raw material set
was calculated. 1%, 2" 3 4% and 7™ raw material
component contained proteins (table 2). Taking into
account their share in the raw material set weighing
103.0 g, the absolute protein content is:

m.
AC, = —ip. (1)
g iﬂ2;&7100

Nutrient conservation is determined by the formula
C,=100-L, 2)

where L is the loss of substance, % [11].

Loss of protein during heat treatment is about 6 %.
Similarly, according to formula (3), the content of
proteins (NC.) was calculated.

The yield of the finished product (Y) is found by
subtracting from 100 the amount of mass loss equal
to 3%.

The content of the test substance in g, 100 g of
product is determined by the formula

The fat content in the raw material set was
calculated. Fats are contained in the 1%, 4% raw
material component (table 2). Taking into account
their share in the raw material set weighing 103 g, the
absolute fat content is:

mi

< ,~:1,4100F" )
Fat loss during heat treatment is about 7%.
Preservation of fats C, is calculated by formula (3).
The fat content in g per 100 g of the finished
product was found by formula (4). The content of
carbohydrates in the raw material set is calculated.
Carbohydrates are contained in the 3%, 4%, 6%, 7% raw
material component (table 2). Taking into account
their share in the raw material set weighing 103 g, the

absolute carbohydrate content is

ac.= Y Zic. (6)
i=5.2.67100
Carbohydrate losses during heat treatment

are about 8%. Preservation of carbohydrates was
calculated by formula (3). The carbohydrate content per
100 g of the finished product is found by formula (4).
The cholesterol content in the raw material set was
calculated. Cholesterol is contained in 1%, 4% raw
materials (table 2). Given its share in the raw material
set weighing 103 g, the absolute cholesterol content is:

m,
AC, =Y ——H.. 7
h o 1 0 O i ( )
Cholesterol loss during heat treatment is about 7%.
The cholesterol content in g per 100 g of the finished
product was found by formula (4).

C = % 3) The content of dietary fiber in the raw material
Y set was calculated. They are contained in the 7% raw
The protein content was found by formula (3): material component (table 2). Taking into account
C AC their share in the raw material set weighing 103 g, the
C,= L % 2. (4) absolute content of dietary fiber is:
Table 2
Nutritional value of the components of the recipe mixture of processed cheese with SPDS
Content, g / 100 g of component
g 3 3
@» =
Name of raw materials £ @ i &: "‘;
S & = =2 5
2 25| ¢
5 | 7| ®
1. Unsalted fresh cheese (dry matter of 55%, fat in dry matter of 45%) 26,8 | 24,75 — 0,15 —
2. Low-fat cheese (dry matter of 40%) 26,8 — — —
3. Skimmed cow’s milk powder (dry matter of 96%) 37,9 — 49,3 — —
4. Peasant butter (dry matter of 75%, fat 72,5%) 0,96 72,5 1,35 0,19 -
5. Mixture of sodium polyphosphate and sodium pyrophosphoric B B _ B B
trisubstituted (dry matter of 20%)
6. Granulated sugar — — 100 — —
7. Selenium Protein Dietary Supplement (SPDS) 30,25 — 39,3 — 1,4
8. Drinking water — — — — —
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m.
AC, =Y —LDF. (8)
v ;100

Loss of dietary fiber during heat treatment does
not occur.

The content of dietary fiber in g per 100 g of
finished product is found by formula (4).

The energy value of 100 g of processed cheese
(table 3) was calculated because the decomposition
of 1 g of protein released 4 kcal, 1 g of fat — 9 kcal,
1 g of carbohydrates — 4 kcal.

Nutritional and energy values of processed cheese,
as well as the content of dietary fiber and cholesterol
are given in table 3.

The nutritional value of a cheese product with
a vegetable filler was calculated according to the
following method [10]. The absolute content of
proteins (AC)) taking into account their share in the
raw material set (RMS) weighing 100 g is:

m.

AC = —P. 9

g i=1,2,3,4100 l ( )

The protein content (C,) in 100 g of product was

found by formula (10), where indicators of nutrient

preservation (NP) and yield of the finished product
(Y) were taken into account:

NP, -AC
C,= % (10)

The absolute fat content (AC,) taking into account
its share in the raw material set weighing 100 g is:
ac, =2 F

—F. 11
L A1007 (1

The fat content in g per 100 g of the finished
product (C,) was found by formula (10). The absolute
content of carbohydrates (AC,) taking into account
their share in the raw material set weighing 100 g is:

AC, = e

—C.. 12
‘ i=3,4,6,7 100 (12)

The carbohydrate content in g per 100 g of the
finished product was found by formula (10). The
results of the calculation are summarized in table 4.

The energy value of 100 g of cheese product was
found. The nutritional and energy values of the cheese
product are shown in table 4 below.

The caloric content of the cheese product increased
by 30% due to the increase in vegetable fat content by
60%. At the same time, the protein content decreased,
because of which the consumption of 100 g of product
per day will satisfy the human need for protein by only
3%. The proposed recipe satisfies the functional focus:
in the processed cheese product, the cholesterol content
has decreased by 75% compared to processed cheese;
dietary fiber content increased by 20%. In addition, the
consumption of 100 g of cheese product will provide
the daily human need for polyunsaturated fatty acids
by 30% and selenium by 50%.

Table 3
Nutritional and energy value
of processed cheese from SPDS

o0 Processed cheese
g > with SPDS
=3
= = T
. = |2} = &
Ingredients g 8 = S
Esl £ | 28
= o0
2E| S | 2z
) s =
O wn T
Proteins, g/ 100 g 77,5 11,4 14,7
Fats,g/100 g 87 10,9 12,5
Carbohydrates, g/ 100 g 320,5 | 21,3 6,6
Dietary fiber, g/ 100g 20 3,5 17,5
Cholesterol, mg / 100 g 150 45 30
PUFA, g/ 100 g 12 - -
Carotenoids, mg / 100 g 1,5 0,27 18
Vitamin C, mg/ 100 g 75 1,08 1,2
Energy value, kcal / 100 g | 2375 | 228,9 9,6
Table 4

Nutritional and energy value
of cheese product with vegetable filler

g 5 R
@n — S = v
£ 23| £%
Ingredients *E E o0 g2
(=] 2 o “; >
wn T
Proteins, g/ 100 g 2,95 77,5 3,8
Fats, g/ 100 g 26,2 87 30,2
Carbohydrates, g/ 100 g 17,8 | 320,5 5,6
Dietary fiber, g/ 100g 4,3 20,0 22,0
Cholesterol, mg / 100 g 11,3 150 7,5
PUFA, g/ 100 g 3,6 12,0 30,0
Carotenoids, mg/ 100 g 0,37 1,5 25,0
Vitamin C, mg / 100 g 2,0 75,0 3,0
Energy value, kcal / 100 g | 318,0 | 2375 13,4

The content of the main recipe components of the
cheese product in the mixture was determined by their
physicochemical properties, in particular the content
of dry matter in their composition and the relative
proportion of fat. Therefore, the product calculation,
the initial data for which are presented in table 5, was
carried out in order to determine the consumption
of raw materials to obtain 100 kg of product of the
required fat content and moisture.

The balance of the total mass of the mixture
=100 kg) is as follows

Zglmi = mcm’ (13)
i=1

where m, — weight of the i-th component of the
recipe mixture (table 6), kg.

(m

cm
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Table 5
Components of the recipe mixture of cheese product
with the addition of dietary selenium-protein

(SPDYS)
Name of raw Costs of dry mIz)IIt);r Relf?;the
. matter Gi,
materials ke / 100 k content | content
g €1 Gi,% | Fi,%
1. Brynza 7 48 45
2. Vegetable oil — 100 100
3. Pumpkin puree 3,5 14 —
4. Granulated sugar 16 100 -
5. Mix of potato and 2 95 _
corn starches
6. Citric acid 0,1 100 —
7. Melting salt 1,6 100 —
8. SPDS — 95 —
9. Drinking water - — -
Table 6

Formulation of cheese product enriched
with selenium

Dry
Raw material Costs m;,, matter Fat
kg /100 content,
component Kk content,
g K kg
g

1. Brynza (mass fraction
of dry matter 48 %, fat in 14,6 7 3,2
dry matter 45%)
2. Vegetable oil 24,3 24,3 24,3
3. Pumpkin puree (mass
fraction of dry matter 25 3,5 0
14%)
4. Granulated sugar 16 16 0
5. Mix of potato and corn 2.1 2.0 0
starches
6. Citric acid 0,1 0,1 0
7. Melting salt 1,6 1,6 0
8. SPDS 0,5 0,48 0
9. Drinking water 15,8 0 0
Total, kg: 100 55 27,5

The balance on the dry matter (kg) has the form
9
(14)

where ¢, — mass fraction of dry matter in the
mixture, %.

CI CL'WI
: ,mi = mcm i
100 100

i=1

The balance of fat (kg) has the form

Z My o (15)
= 100 100 100 100
where F, — relative proportion of fat in the
mixture, %.
Data on the relative fat content and dry matter
content of the components are given in table 6. Using
them, it was found:

G G G

m, =—L.100; m, =—-100; m, =—*-100;
G 3 4
G G, G
m, =—=-100; m, =—2-100; m, =—L-100.
5 Cs G
Taking into account that ¥, = 50%, c,,, = 55%,

then solving equation (15) it was found the required
amount of vegetable fat m,. The solution of equation
(14) allowed determining the required number of
SPDS my. The required amount of drinking water
m, was determined from equation (13). The results of
the product calculation are presented in table 6.

Conclusions on mentioned problems and
prospects for further research in this direction.
Designing food products of optimal composition by
mathematical modeling allows to reduce financial
and time costs for food development, timely respond
to changing needs of the human body in a man-
made society and significantly expand the range of
functional, dietary products aimed at feeding certain
groups. The expanding of capabilities of optimization
software allows us to reach a qualitatively new level
in the development of new types of food products
with a given chemical composition, consumer and
technological characteristics.

Thus, the implementation of this task was carried
out using the following technological solutions:
increasing the proportion of vegetable fat as a source
of polyunsaturated fatty acids, antioxidants, some
vitamins and cheaper raw materials, adding SPDS
containing dietary fiber and biologically active
substances. With the help of automated design,
the recipe of the cheese product with DDSB was
determined, which allowed to ensure the preservation
of biologically active substances and a high level of
organoleptic characteristics of the product. A recipe
with a predetermined chemical composition, nutritional
value and functional orientation has been created.
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B. I IIpumenxo, kanouoam mexniunux Hayx, ooyeum, K. A. Ceghixanosa, kanouoam mexuiuHux Hayx, 0OyeHm
(Biookpemnenutl niopo3oin «/[ninpoecvkuii ¢haxynemem menedxncmenmy i 0Oisnecy Kuiecvkoeo yHieepcumenty
Kynomypu»). Po3pooka KoMnoHeHmHo20 cK1ady Cuproz0 npoOyKmy i3 pOCAUHHUM HANOBHIO8AUEM, 30a2A1UeHO20
cenenom.

Anomauia. Haiinosuiwoeo 3abe3neuenns opeanizmy m00unu Qiziono2iuno KOpUCHUMY HYMPIEHMAMU ) HeoO0-
XIOHUX KITbKOCMAX MONCHA 00CASIU 3A PAXYHOK PIZHOMAHIMMSA XIMIYHO020 CKAAOY epynu QYHKYIOHATbHUX NPOOYK-
mis, o 1 06ymosmoe akxmyanizayiio it cmeopents. /s npoekmyeants peyenmyp 6a2amokoOMNOHEHMHUX XAPYOBUX
cucmeMm NepesadtCHO 3acmoco8yIOmbCs NiOXo0u, wo 0aA3yiomsbCs HA Memooax eKChnepuUMeHMATbHO-CIAMUCUY-
HO20 ma NiHilHo20 npoepamyeants. OOHIEN 3 HAUNOWUPEHIWUX NPOSPAM 05 PO3PAXYHKY peyenmyp € MS Excel.
Memoto docniddicennsi € NPOEKMy8anHs 3a 0ONOMO20I0 npozpamuozo 3abesnevenns MS Excel cxraonoeo baza-
MOKOMROHEHMHO20 CUPHO2O0 HPOOYKMY 13 POCIUHHUM HANOGHIO8AYEM, 3042a4eH020 CENeHOM, WO 3a0e3neyy8ami-
Me niOSUWEHHST BMICIY eCCEeHYIANbHUX JHCUPHUX KUCTOM 00 PIHS, CHIBCMABHO20 i3 00006010 NOmpebor aoouHuU,
SHUDICEHHS YACMKU X0Necmepuny 00 pekomenoosanoi BOO3 nopmu cnosicusanns, 30inbuleHHsa KilbKoCmi Kapomu-
Hoiois, gimaminy C, xapuosux eonokon ma ceneny. Pezynomamu. Pospobneno peyenmypy 6a2amoxomMnoHeHmHmo2o
CupHo20 npodykmy, 36azauenozo cenenom. CRpoEKmMoBano ONMUMI308aHUl CKAAOHULE CUPHULL RPOOYKM. I3 POCIUH-
HUM HANOBHIOBAYEM HA OCHOGI 6A2aMOKOMNOHEHMHO20 CUPHO20 NPOOYKMY, 30a2aueH020 ceneHoM. Y cmammi Ha-
6edeni MemoouKa npoeedenHs NPOEKMYBANHSA HOBO20 XAPH08020 QYHKYIOHANLHO20 NPOOYKMY, XIMIYHUL CKIAO PO3-
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POOOK, BU3HAYEHT NOKAZHUKU XAPYO080T Ma eHepeemuyHoi YiHHoCmell CUPHO20 NPOOYKMY, 30a2aueno2o cereHoM, ma
ONMUMI308AHO20 CUPHO20 NPOOYKMY i3 POCTUHHUM HANOBHIOBAYEM HA 11020 OCHO8I. Bcmanoseneno, wo cnodjcugans
100 2 cuproco npodykmy i3 pOCIUHHUM HANOBHIO8AYEM 30AMHE 3A008ONLHAMU 00008y NOMPeOY 8 NOHCUBHUX Peto-
sunax na 13,4 %, 6 moii uac six, 6bacamoxomnonenmuui cupHuii npooykm — na 9,6 %. Bucnoexu. Po3pobka xapuosux
NPOOYKMI8 ONMUMATLHO20 CKIA0Y MEMOOOM MAMEMAMUYHO20 MOOETI08ANHS 00380ISE CKOPOMUmMuU pinancosi ma
uacosi eumpamu Ha po3pooKy Xapuo8ux NPOOYKmMie, CEOCUACHO pedasy8amy Ha 3MIHU NOMpeb OpeaHizmy TH0OUHU
6 MEXHO2EHHOMY CYCNINbCMET Ma 3HAUHO POSUUPUMU ACOPMUMERI DYHKYIOHATbHUX, OIEMUYHUX NPOOYKMIi6, Cnpsi-
MOBAHUX HA XAPYUYSAHHS NEGHUX epYN HAcelenHs. Poswupenns Mojiciugocmetl npoepamnozo 3abe3neyents uooo
onmumizayii 00360€ SUUMU HA SKICHO HOBUL PiGeHb Y PO3PoOYI HOBUX BUOIE XAPUOBUX NPOOYKMIE i3 3A0AHUM
XIMIYHUM CKIAOOM, CROJICUBYUMYU MA MEXHONO02IYHUMU Xapakmepucmukamu. Takum yunom, peanizayis nocmaeie-
HO20 3a80anHs 003601UNA 30IMbUUMU YACMKY POCIUHHO20 JICUPY AK 0dcepena NONIHEHACUHEHUX JHCUPHUX KUCTOM
Y CUPHOMY HPOOYKMI, AHMUOKCUOAHMIB, OEAKUX GIMAMIHI6 ma deuesuloi cupogutu, 3a paxynok 0ooasanus JJICH
ma 2apby306020 niope.

Knrouosi cnosa: cupruii npodykm, pociunHUll HANOBHIO8AY, 00basKa JiEmuuHa celleH-0inKosa, 2apoy3ose niope,
onmumizayist, 0a2amoKOMNOHEHMHUL CKIAO.
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