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Abstract: The aim of this study was to develop new recipes of confectionery
products for functional purposes in accordance with predetermined criteria of
optimization.

The paper formulates the objective of recipe optimization relating to the class of
multicriteria nonlinear programming problems, and shows the algorithm developed for
its solution. As an example, the article gives the formulation and solution of the
problem that involves designing candy recipes with mixed jelly-whipped body. The
choice of ratio between layers of combined body enriched with functional ingredients
was carried out according to four criteria (energy value, carotenoids, dietary fiber, and
the cost price of the finished product) under the given constraints on technological and
consumer product characteristics.

The solution of the multicriteria problem identified a number of effective points
belonging to the area of Pareto. The final choice of possible options was made on the
basis of the ratio “price—quality” tailored to meet the daily requirements of
micronutrients and organoleptic evaluation of the product.

Adjustment of the layers provides a wide range of jelly-whipped candies with
original organoleptic characteristics and a given set of micronutrients that can be
recommended for different categories of the population. Varying the composition of
recipe mixtures from possible set of raw ingredients, enriching them with
micronutrients, can influence on the physiological effect of finished products.

The proposed approach can be recommended for recipe designs of complex
multicomponent food systems with specified set of characteristics in terms of multiple
alternatives of ingredient composition and interchangeability of raw materials.

Introduction

The increased competition in raw materials and food markets, the growing need
for products of functional purposes, a variety of raw ingredients in the market
foreground issues on the design of new recipes and their corrections depending on
variations in raw material parameters.

Today, the concept of ‘food design’ includes the development of models
describing the steps for creating products of specified quality and representing
mathematical relationships which reflect different functional connections between
technological, economic and other parameters of raw ingredients, desired characteristics
of finished products (objective function) and a number of constraints arising from the
requirements of normative documents.
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One of the important objectives in the design of new types of functional foods for
various categories of the population is to provide the optimal set of recipe ingredients
and ratios in multicomponent food systems. The difficulty of solving this problem is
related to the fact that:

— raw material base of the modern food industry employs thousands of ingredients
that differ in functional, technological, physical, chemical and organoleptic
characteristics;

— semi-finished products should have a given complex of technological properties;

— finished products must comply with the balanced nutrition formula, respond to
medical and biological requirements, have high consumer properties and be affordable
to the public.

The need to consider a variety of recipes, to take into account properties of semi-
finished and finished products according to the criteria and limits for each stage of
designing a new product requires the involvement of mathematical support, software
algorithms and the use of automated systems as essential tools for solving the problem
of determining the optimal ratio of recipe ingredients.

Bakery products as products used every day and everywhere play a special role
[1]. In recent years there have been published a number of articles devoted to the
optimization of multi-component food recipes based on physical, chemical, functional
and technological properties, using various mathematical apparatus.

The purpose of the studies presented in [2] is a simulation of butter biscuit recipes
using liquid vegetable oil and natural food additives with stabilizing effect. The
resulting models allow us to predict physical, chemical properties of the test, quality and
nutritional value of finished products according to the ratio of these components. In [3]
we can see the optimization results of the recipe based on the triticale flour which
allows getting products of high quality and high nutritional and biological value used
for preventive nutrition. In [4] the authors suggest a bread recipe for functional purpose
for women during pregnancy period which is optimized by using the regression
equation reflecting the impact of soy flour, whole milk powder, wheat bran and lecithin
on the specific volume. Flour confectionery recipes, consumption of which contributes
to correction of the daily diet for the content of PUFA, vitamin E and B-carotene, are
presented in [5].

Building an effective management and control system of school meals production
is a complex problem requiring a program-oriented approach. Optimization of school
nutrition is carried out according to the following criteria: cost reduction and
improvement of students’ nutrition; improvement of nutrition balance in school meals
by providing a set of products in accordance with the age and health status of children.

Existing in Europe International non-profit association EuroFIR (European Food
Information Resource) offers a unique database of standardized data and software on
food composition and evaluation of nutritional value which is useful for academia,
industry, public sector, financial and regulatory authorities, as well as scientists,
nutritionists and students [6]. Creating a bank of information resources on the optimal
composition of domestic food will allow developing a common methodology for the
design of products with a given composition, while the development of software
modules for recipe calculation and optimization will give an opportunity to implement
this methodology in a production environment. This, in turn, will facilitate solving the
problem of providing healthy nutrition in Russia at the present stage.

Experts predict that the ban on the supply of food products from the EU and the
United States, in particular confectionery and sources of raw materials for their
production, may lead to higher prices for confectionery products in Russia. In this
connection it is necessary to find sources of domestic raw materials and create high-
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quality products in order to maintain the range [7]. In this situation, the Russian
producers have the opportunity to replace the imported products, that have already
become popular, with functional oriented products available in domestic production,
which updates the design issues of new recipes and their urgent correction according to
fluctuations in raw material parameters.

Formulation and solution
of the multiobjective optimization problem of candy recipes

To maximize the use of micronutrient complex of different chemical nature that is
a part of functional additives of plant origin, and to create a broad product line of
candies a combination of candy mass that have different composition and colloid-
chemical properties can be used. As functional additives we used powdered semi-
finished products prepared from local plant raw materials with different dispersion from
0.14 to 0.5 mm. Pumpkin and carrot powders containing vitamins of groups A, B, C, E,
carotenoids and other vitamin-like substances, dietary fiber, macro-and micronutrients
(potassium, calcium, iron, magnesium) have been received through combined
convective-vacuum impulse drying that allows to keep all biologically valuable
substances included in raw.

For enriching products with functional additives we used whipped cream and jelly
candy mass with gelatinous consistency and low, compared to other confectionery,
energy value. The composition of ingredients for the whipped mass included sugar,
agar, syrup, egg white, carrot powder, and citric acid. The composition of jelly mass
included sugar, syrup, pectin, pumpkin powder, citric acid, sodium citrate.

When creating recipes we considered the possibility of chemical interaction
between ingredients and chose combinations and methods of application ensuring their
maximum safety during production and storage as well their high bioavailability.

During the research we applied commonly used and special research methods for
studying the properties of raw materials, semi-finished and finished products.
The experimental data were processed by methods of mathematical statistics using software
packages MS Office Exel, MATHLAB 7.1. When designing formulations used
the method of multi-objective optimization using JIIIt sequences.

The set of alternative raw ingredients and main production stages of candies with
combined whipped-jelly bodies for functional purposes are well known. By varying the
composition of recipe mixtures and enriching them with micronutrients we can achieve
certain physiological effects. For designing multicomponent food products object-
oriented approach is offered to use. A distinctive feature of the object-oriented approach
to recipe design of multicomponent food systems is presenting the recipe in a
hierarchical structure.

For the design of multicomponent confectionery products an object-oriented
approach was used, the distinguishing feature of which is the idea of presenting the
recipe in the form of a hierarchical structure (see Fig. 1).

Each of the top in the hierarchical structure is an object (the finished product,
semi-finished product, raw materials). Every hierarchy level corresponds to a specific
stage of manufacturing the food product and may have its own individual number of
tops positioned lower in the hierarchy. Figure 1 shows a three-level hierarchy of
calculating recipes, where the first index — the level number, the second index — the
number of recipe component mixture. If on one or another recipe level several semi-
finished products are used, their first index becomes composite and is denoted as a list
(i, ), where i — the level number; j — the serial number of the semi-finished product on
the i level. This composite index is used below in the hierarchy (shown by the dashed
arrow).
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Level 1

Level 2

Level 3

Fig. 1. Diagram of program modes for calculating the single-phase recipe

The algorithm for calculating multiphase food product recipe begins with the
calculation of the final level in the longest branch of the hierarchical structure of the
calculation. The initial data for calculation of the last level are: the consumption on
downloading all kinds of raw materials and semi-finished products in kind; the loss of
dry substances; the predetermined amount of finished products equal to 1 t.

It is necessary to consider the problem of designing confectionary recipes based on
combining jelly and whipped candy mass with gelatinous consistency and the same
moisture content. As the functional ingredient we used pumpkin powder (3 wt. %) in
the jelly mass and carrot powder (10 wt. %) in the whipped mass.

It is important to determine the recipe x =(x;, X,,..., X,;) of the finished product in
which the basic consumer characteristics (food, biological and energy value, etc.) and
cost price of the finished product F (x)=( S(x), fz(x),....,‘f;n(x)) reach the optimal
values, and other consumer characteristics (microbiological indicators, shelf life, safety
performance) g (), :I,_y satisfy the requirements of the technical specification for

developing new food recipes, i.e. g j(x)<0, /= H

The problem of mathematical formulation of optimal recipe design is as follows

X =argmin{F(x)}. (1)
xeX

Restrictions on other consumer characteristics of the finished product

g;(0)<0, j=Ly ©)

and the ratio of raw ingredients and semi-finished products
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The formulated problem belongs to the class of multiobjective problems in
nonlinear programming. The problem was solved on the basis of the most-informative
presentation of the searched area for compromise solutions by points filling the area X
according to the method of 1. M. Sobol. Algorithm for solving this problem is presented
in the paper.

Solving the problem of optimal recipe design of jelly-whipped candies enriched
with functional ingredients (1) —(3) supposes using the applied criteria: carotenoids,
f1(v,x) ; dietary fiber content, f5(y,x); energy value f3(y,x) , cost price of the finished

product f(y,x).
Characteristics of the whipped and jelly layers are shown in Table 1.
Objective functions are calculated by the formula

2 —
i)=Y cyx;i=14, 4)
j=1

where x;, j=1,2 — percentage of the whipped and jelly layer, respectively;

c,j»j =1,2 — energy value of constituent layers, keal; ¢, ;, j =1,2 — carotenoids, mg;

& =12 - dietary fiber, g; ¢4 ;, j =1,2 — cost price, rubles.

As a result of solving the multicriteria problem (1) —(3) many effective points
(v, x) of Pareto area F were built, which may be recommended for different recipes of
jelly-whipped candies with high nutritional value taking into account consumer
preferences:

1) y=2.3; F=(2.6; 11.76; 363.0; 80.29) — low energy value and high content of
dietary fiber — can be recommended for the diet;

2)y=1; F=(4.09; 8.22; 380.0; 91,1) — balanced composition and average cost —
for mass consumption;

3)y=0.4; F=(5.38; 4.6; 386.0; 100.35) — high energy value and high antioxidant
content — can be recommended for sports nutrition.

The final choice of the above mentioned options was made on the basis of the ratio
“price — quality” tailored to meet the daily requirement of micronutrients and
organoleptic evaluation of the product. Adjustment of the layers provides a wide range
of jelly-whipped candies with original organoleptic characteristics and a given set of
micronutrients (Figs. 2).

Taking into account the established and well-known rules of biologically active
substances norm losses during technological processing and storage we calculated food
and energy value of jelly-whipped candies with the addition of vegetable powders and
different ratios of the body layers (Table 2).

Table 1
Characteristics of jelly and whipped layers
BAS content
Range of admissible values, | Energy, Cost,
wt.% keal Carotenoids, | Dietary Fiber, rubles
mg g
Jelly layer, 10.0 — 90.00 20.1 -321.0] 0.01 -0.56 | 0.40—-6.20 | 6.60—58.90
Whipped layer, 10.0 — 90.00 |28.4 —463.0| 0.50-7.50 | 0.02-0.38 |11.60—-103.50
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Fig. 2. Dependence of the carotenoid content () and pectin content (b)
on the ratio of body layers

Table 2
Food and energy value of jelly-whipped candies

Food value
. With the addition of vegetable powders
Indicator .
Control and the ratio of the body layers
30:70 50:50 70:30
Energy value per 100 g 400.0 386.0 380.0 363.0
of candies, kcal (kJ) (1676.0) (1617.3) (1592.2) (1520.9)
Proteins, g 1.80 2.08 1.85 1.61
Fat, g 15.18 17.71 15.17 12.64
Carbohydrates, g 62.99 54.29 58.28 62.27

BAS

Per 100g (satisfying the norm of physiological needs, %)

Dietary fiber, g 0.4 (7.7) 46(213) | 82@L1) | 11.8(58,8)
Vitamin C, mg 04(0.54) | 12.8(18.2) | 10,0(14.2) | 6.7(9,6)
Carotenoids, mg 0.02(04) | 53(89,7) | 4.1(682) | 2.6(433)

For the development of multicomponent food recipes we used an automated
system ‘Multifaz’ based on the object-oriented approach (registration number
2011616793) and developed at Tambov State Technical University.

Automated module for calculating recipes

The system ‘Multifaz’ includes information database, including recipe components
and semi-finished products, as well as calculation and optimization modules. Functional
diagram of the automated information system is presented in Fig. 3.
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Fig. 3. Functional diagram of the system ‘Multifaz’

The system consists of information database including recipe components and
semi-finished products, calculation and optimization modules. Information module is a
collection of data for recipe components and semi-finished products. The calculation
module is used for selecting and recording components into the database information
module, making calculations of single-phase and multiphase recipes, as well as food and
energy value. The optimization module performs the selection of recipe components
according to food and energy value in terms of restrictions on the cost price (Fig. 4).

To construct the recipe hierarchy from the list of raw semi-finished components it
is necessary to select semi-finished products from which the product is made and set the
amount for the load. Then each recipe of semi-finished products is prepared with
indicating solids content and the possibility of adding new recipe components to the list.
Next the loading characteristic is set for each component of the raw material.
The general hierarchy view of the wafers recipe for functional purposes is shown in Fig. 5.
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Fig. 4. Diagram of program modes for the calculation of single-phase recipe
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Fig. 5. General view of the recipe tree of ingredients for waffles

By pressing the button ‘Calculation’, we get raw material consumption for semi-
finished products in accordance with this recipe, as well as a summary recipe of the
designed product.

Calculation module of the automated system ‘Multifaz’ has been tested and used
in the educational process during the study of the discipline ‘Design of combined food’
and during performing the final qualification work of bachelors, specialists and masters.
The development of software module for optimizing recipes on food and energy value is
now in progress.

Computer-aided recipe design noticeably allows accelerating the calculation and
optimizing complex multicomponent foodstuffs, creating products with predetermined
chemical composition, nutritional value and functional orientation, responding quickly
to changes in the properties and types of raw ingredients.

Conclusions

We presented one of the ways of solving a problem connected with the design of
candies with combined bodies by multiple criteria optimization. This approach can be
used in research laboratories, technological production process, as well as in the
preparation of graduate and post-graduate students. However, due to the lack of research
in the area of chemical composition and interaction between components of raw
materials, a limited database and the impossibility of the operational implementation in
the production of automated systems, the solution of such problems is characterized by
increased complexity. To eliminate these drawbacks in designing the optimal food
composition it is necessary to solve these problems in collaboration with research
institutes, food industry, within projects of the technological platform “Technologies for
food and processing industry and agribusiness — healthy food”.
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OHTHMI/I3aIII/Iﬂ COCTaBa KOHIUTECPCKUX H3I[e.]'[ﬂﬁ
E. 1. MyparoBa, C. U. /IBopeuxuii, I1. M. Cmoauxuna

Kageopa «Texnonoeuu u 060py0osarue nuuesvix u XUMU4eckux npou3800Ccmey,
@I'BOY BIIO «TI'TY»; topt@topt.tstu.ru

KuroueBble €10Ba: aBTOMATH3UPOBAHHAS CHCTEMA; MHOTOKPHTEPHATIbHAS ONTH-
MH3aLMs; pacyeT PerenTyp; XUMUYECKUI COCTaB ChIPbS.

AHHoOTanusi: B 06o6mentnom Buie chopMyInpoBaHa 3a1ada ONTHMH3AINH pe-
LENTYp, OTHOCSINASICS K KJIacCy MHOTOKPHTEPUAIIBHBIX 337a4d HEJIMHEHHOTrO Mporpam-
MHUPOBaHHMS, ¥ pa3paboTaH aIrOPUTM €€ pelleHHs. PacdeT BBINOIHEH ¢ MOMOILIBIO aB-
TOMAaTH3WPOBaHHON MH(poOpManmoHHOH cucteMbl Multifaz, koTopast TO3BOJISIET 3HAYH-
TEJIFHO YCKOPUTH TEXHOJIOTMYECKNE PAcUeThl 1 KOHCTPYHPOBaTh MHOTOKOMIIOHEHTHBIE
MTUIIEBBIC CHCTEMBI C 3aJaHHBIMU CBOHCTBAMHU.

B kauecTBe mpuMepa NpHBeleHa IOCTAHOBKA M PEILCHUE 33/1a4 POCKTHPOBAHUS
peuentyp KoH(MET ¢ KOMOWHMPOBAaHHBIMHU JKEJIEHHO-COMBHBIMH KOpIycamu. BbiOop
COOTHOLIEHHS CJI0eB KOMOMHHPOBAHHOT'O KOpITyca, 00OTaleHHbIX (yHKIMOHAIBHBIMH
MHTPEJUEHTaMH, OCYIIECTBILIICS 110 YEThIPEM KPUTEPHUSIM IPH 3alaHHBIX OTPaHUYCHU-
SX Ha TEXHOJOTUYECKHE U MOTPEOUTENILCKIE XapaKTEepUCTUKU NPoyKTa. B pesynbrate
peLIeHUs] MHOTOKPUTEPUAILHOM 3a1a4M OIpEIelIeHO MHOXKECTBO I((PEKTUBHBIX TOYEK,
npuHauexaimux oonacru [apero.

138 ISSN 0136-5835. Bectauk TI'TY. 2015. Tom 21. Ne 1. Transactions TSTU



PerynupoBaHue COOTHOIIEHUS CIOEB MO3BOJSET MONYYUTh LIUPOKYIO JHHEHKY
JKeJIeHHO-COMBHBIX KOH(ET ¢ OPUTHHAIBHBIMHI OPTraHOJIENITUYECKIMHU XapaKTEepPUCTHKA-
MH M 3aJlaHHBIM HaOOpOM MHKPOHYTPHUEHTOB, KOTOpPBIE MOXXHO PEKOMEHIOBAaTh [UIS
pa3IMYHBIX KaTeropuil HaceneHus. Bapbupysi cocTaB peUenTypHBIX CMeced M3 BO3-
MOXHOTO Habopa ChIPhEBBIX MHIPEANEHTOB, o0oTamnas X MUKPOHYTPHEHTAMH, MOKHO
JIOOUTHCA OTpPEAETICHHON HAIpPaBICHHOCTH (DU3MOIOTHYECKOTO BO3IEHCTBHS TOTOBOM
MIPOTYKINH.

[IpennosxeHHBIN TOAXO MOXKHO PEKOMEHIOBATH I MPOEKTHUPOBAHUS PELENTYP
CIIO)KHBIX MHOT'OKOMIIOHEHTHBIX IHIIEBBIX CHCTEM C 33aJaHHBIMHM XapaKTEePUCTHKaAMU
B YCJIOBHAX MHOKECTBA JIbTEPHATHB MHTPEANCHTHOTO COCTaBa M B3aHMO3aMEHAEMOCTH
CBIPbSL.
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Optimierung der Zutaten der Konditorerzeugnisse

Zusammenfassung: In der verallgemeinerten Art ist die Aufgabe der
Optimierung der Rezepturen, die zur Klasse der vielkriterischen Aufgaben des
nichtlinearen Programmierens gehort, formuliert und es ist der Algorithmus ihrer
Losung erarbeitet. Die Berechnung ist mit Hilfe des automatisierten Informationssystems
Multifaz erfiillt, das wesentlich erlaubt, die technologischen Berechnungen zu
beschleunigen und die Mehrelementennahrungssysteme mit den aufgegebenen
Eigenschaften zu konstruieren.

Als Beispiel ist die Stellung und die Losung der Aufgabe der Projektierung der
Rezepturen der Bonbons mit den kombinierten geleeriirenden Korper angefiihrt.

Das vorgeschlagene Herangehen kann man fiir die Projektierung der Rezepturen
der komplizierten Mehrelementennahrungssysteme mit den  aufgegebenen
Charakteristiken unter den Bedingungen einer Menge der Alternativen der Bestandteile
und der Austauschbarkeit des Rohstoffs empfehlen.

Optimisation de la composition des produits de confection

Résumé: Est formulé le probléme de ’optimisation des recettes se rapportant
envers la série des problémes a multiples critéres de la programmation non-linéaire, est
¢laboré I’algorithme de sa solution. Le calcul est effectué a I’aide du systeme autimatisé
Multifaz, qui permet d’accélérer considérablement les calculs technologiques et de
construire des systémes alimentaires a multiples composants avec des propriétés
données.

En qualité d’exemple est cité le probléme de la conception des bonbons aux corps
combiné.

L’approche proposée peut étre recommandée pour la conception des recettes des
systémes alimentaires a multiples composants avec des caractéristiques données dans
les conditions de multiples alternatives des ingrédients et du remplacement mutuel de la
matiére premiére.

ABTopbl: Mypamosa Eezenun Heanosna — KaHAUIAT TIEJATOTHUECKUX HAYK, JIO-
neHT kadenpsl « TexHomoruu u 000pyI0BaHUE MUMIEBBIX U XUMUYECKHUX TPOU3BOICTBY;
Jleopeuxuit Cmanucnae Heanosuu — JOKTOP TEXHUYECKUX HAyK, podeccop kadeapb
«TexHonorun ¥ OOOPYMOBAHHE MHUIIEBBIX M XUMHUYECKUX TPOU3BOJCTBY, MPOPEKTOP
10 HAYYHO-WHHOBAIMOHHOU AesitensHocTH; Cuonuxuna Ilonuna Muxaitioena — accu-
creHT Kadenpbl «TexHoJOrMu M 00OpyIOBaHHE NHIIEBBIX M XUMHYECKUX MPOU3-
BoactB», DI'BOY BIIO «TI'TY».

Peuensenrt: Tyzonykoe Eezenuii Huxonaeéuu — IOKTOp TEXHUYECKHX HAYK,
npodeccop xadenpsl «TexHWKA W TEXHOJOTHH ITIPOU3BOJCTBA HAHOMNPOIYKTOBY,
OI'BOY BIIO «TI'TVY».
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