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Technique of functional simulation as a tool for
providing the required quality of fortified bakery

products

ABSTRACT

Relevance. The problem of irrational and unbalanced nutrition is relevant for almost all regions of Russia.
There is a need to enrich everyday products with micronutrients that are of particular importance in the
diet. Fortified bread and bakery products with specified consumer properties in the diet can be one of such
valuable products.

Methods. The methodology of structural analysis and design of systems (Structured Analysis and Design
Technique, SADT) is often used in life cycle management of complex high-tech products and has not found
wide application in the food industry. The authors substantiate the need to introduce tools for functional and
graphical modeling of business processes thatimplement the SADT methodology in life cycle management
to ensure the quality of finished bakery products.

Results. An original generalized functional and logical model of the process “To produce enriched bread
(bakery products) with regionally significant micronutrients” has been developed. The analysis of the
technology of enriched bakery products, carried out at various levels of decomposition of the process,
revealed that the quality of the finished product is significantly influenced by the choice of the technological
stage of applying the components of the mixture proposed for the enriching composition. It has been
established that preference should be given to organic forms of additives — components of the enriching
composition. To preserve the nutritional properties of bakery products, an enriching composition is
proposed to be applied to the surface of the finished product. The proposed method has been tested
in experimental production conditions. Its manufacturability and controllability of the proposed technical
solutions are proved. The approach to functional and graphical modeling of food technologies developed
by the authors on the example of bakery products opens up prospects for improving the quality of finished
products and can be widely used in food engineering.

Key words: bread, bakery products, pastry, quality assurance, structured analysis and design technique,
business process, functional simulation, micronutrients, fortification additives, technologies
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MeToponorus GyHKLUMOHANbHOIO
MOAEeNIMPOBaHUSA KaK UHCTPYMEHT obecneyeHus
KayecTBa 000raweHHbIX XJ1e600yN0YHbIX
n3penun

PE3IOME

AktyanbHocTb. [pobnema HepaumoHanbHOro 1 HecbanaHCUPOBAHHOTO NUTAHMS akTyanbHa NpakTuye-
cku onsi Bcex pernoHoB Poccun. CyliectByeT He0BX0aMMOCTb 060raLleHns NpoayKTOB NOBCEAHEBHOMO
cnpoca MUKPOHYTPUEHTaMK, UMEIOLLIMMU 0cob0e 3HaYeHne B pauyoHe nuTaHus. OboraleHHbIN xneb n
xneb0o6ynoyHble U3[eNUs ¢ 3afaHHbIMM NOTPEOUTENLCKMMMN CBONCTBAMU B PALMOHE NUTAHNS MOTYT ObiTh
OLHUMMU 13 TaKUX NOTPEONTENBCKM 3HAYMMBIX MPOLYKTOB NUTAHMS.

MeTtoabl. MeTononorns CTPYKTYPHOrO aHanu3a 1 NpoekTMpoBaHus cucTem (Structured Analysis and
Design Technique, SADT) 4acTo NPUMEHSIETCS B YNPABIEHNUMN XU3HEHHBIM LLUKIIOM CJIOXHOW HayKOeMKOW
NPOAYKUMK, OAHAKO B MULLEBON MPOMBILLIEHHOCTM OHA HE HALLMA LUMPOKOr0 NPUMEHEHWs. ABTOpamm
000CHOBaHa HEOOXOAMMOCTb BHEAPEHUSI MHCTPYMEHTOB PYHKLMOHABbHO-rpadrieckoro Moaennpoea-
HUs GU3HEC-NPOLLECCOoB, peanuaylwmx Metoaonornio SADT npu ynpaBneHun XU3HEHHBIM LKIIOM AJ1si
obecneyeHns ka4ecTsa roToBbIX X1e600YN04HHbIX U3AENNIA.

Pesynbratbl. PaspabotaHa opuruHanbHas 0606LeHHas GyHKLMOHANBHO-0rnYeckas Moaenb npoLecca
«[poun3BoanTL 06OraLLeHHbI xNned (xnebobynoyHble N3Lennst) PErMoHaNbHO 3HAYUMBIMU MUKPOHYTPU-
eHTaMun». AHann3 TexHonornm oboralleHHo xne6obyn04HON NPOAYKLMN, NPOBEAEHHbIN HA Pa3fINYHbIX
YPOBHSIX AEKOMMNO3ULMM NPOLECCa, NO3BONUA BbISIBUTb, YTO HA KAYECTBO rOTOBOr0 U3AENNS OKa3biBAET
CYLLECTBEHHOE BNMSIHME BbIGOP TEXHONOMMYECKOrO 3Tana HaHECEHNS! KOMMOHEHTOB CMECH, NPEAJIOXKEH-
HoW ana oboraliatoLlein KoMno3vumn. YCTaHOBEHO, YTO NPeAnoYTeHne HeoOX0AMMO OTAaBaTh OpraHu-
yeckum dopmam [06aBOK — KOMMOHeHTaM oboraluatoLleli KoMno3uumn. [ns coxpaHeHus: HyTpULMO-
NIOrMYECKMX CBOMCTB X1eB00yNouHbIX 13aennin 060raLlaloLLyio KOMNO3nUUMIo NPEN0XEHO HAHOCUTb Ha
MOBEPXHOCTb rOTOBOrO U3aenusi. MpeanoxeHHbI MeTog anpobypoBaH B YCOBKSIX SKCNEPUMEHTANIBHOMO
npoun3eoacTea. [lokasaHbl ero TEXHONOMMYHOCTb U MOAKOHTPOMLHOCTL MPEANOXEHHbIX TEXHUYECKMX pe-
WweHwnii. PagpaboTaHHbIi aBTOpaMu Ha npumepe xneboBynoyHbIX U3aennii noaxod K dyHKLUMOHANbHO-
rpadu4yeckoMy MOLENMPOBAHNIO TEXHONOMUIA MLLEBLIX MPOLYKTOB OTKPLIBAET NEPCMNEKTVBLI NMOBLILLEHNS
KauyecTBa roToBbIX 3NN 1 MOXET HANTV AOCTATOYHO LUIMPOKOE MPUMEHEHNE B NULLEBOW MHXEHEPUU.

KnioyeBbie cnoBa: xneb, xne6obynoyHble n3genus, obecneyeHne KayecTsa, METOAO0N0MMS CTPYKTYPHO-
ro aHanu3a u NpoexkTUpoBaHus cucTem, BruaHec-npouecc, GyHKLMOHANbHOE MOLENMPOBAHNE, MUKPO-
HYTPVEHTLI, 0boralaoume 06aBKN, TEXHONOMK

Ansa yntuposanums: TpeTbsik J1.H., Pe6e3oB M.b., AekunHa .. MeTopnonorns ¢pyHKLMOHANBLHOrO Moae-
NIMPOBaHWS KAk MHCTPYMEHT 06ecneyeHnst kauecTBa 060raLleHHbIX X1e606yn04HbIX U3aenuii. ArpapHas
Hayka. 2024; 387(10): 177-184 (in English).
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Introduction/BeegexHune

Organizing a complete, balanced diet for the population
is one of the main components of maintaining human health
and performance [1-4].

It is on record that a balanced diet allows the body to
resist the effects of unfavorable environmental factors,
also to significantly reduce the occurrence of chronic non-
infectious diseases, including the diseases that affect
mental well-being and health of human [5-7].

The problem of insufficient and unbalanced nutrition is
relevant for almost all regions of Russia [8, 9].

Moreover, the residents of various territories need various
micronutrients, while some micronutrients are endemic’: 2.
Most residents of the Russian Federation territories suffer
from iodine, selenium, fluoride and lithium shortage in their
diet [6, 7, 10].

Imbalanced diet is an international problem that
is especially acute for South African countries. The
micronutrients deficiencies are increasing among children
and pregnant women in Africa and other developing
countries [11, 12]. For instance, fortification of food,
including bread, in the South African developing countries
is considered as one of the most effective strategies to
struggle against micronutrient deficiencies [13, 14].

The insufficient and unbalanced nutrition leads to an
imbalance of certain microelements and vitamins in the diet
of the population all over the world, which negatively affects
health [15-17].

Complex comprehension and finding ways for solution of
this problem is an important task for government authorities,
medicine, scientific community and the food industry [18, 19].

It is possible to decrease dramatically the negative
consequences of insufficient and unbalanced nutrition only
with the help of complex approach. This complex approach
relates to the stages of the life cycle of the food product,
starting with an assessment of the demand for the fortified
food products among various consumer groups [20-22].

It is necessary to emphasize that awareness of the
importance of micronutrients (trace elements and vitamins)
for health has highly increased among the majority of the
population [23-25].

That’s why some categories of consumers show a steady
interest for the assortment of fortified food products that are
able to compensate for the deficiency of microelements and
vitamins. In addition, consumers have recently developed
the increased demand for food products fortified with
regionally significant biological elements and vitamins with
high digestibility and bioavailability for the body. The value
of various types of plant materials, in particular, cereals and
beets, has been proven [13, 26, 27].

At the same time, bread and bakery products are
increasingly being chosen as an object for fortification [28].

The role of micronutrients (biological elements) is quite
convincingly substantiated, for example, in the article [6].

However, the problem of providing their quality, in
particular, bioavailability for the body, has not been
sufficiently studied and technologically developed and
elaborated in relation to technical systems [29, 30].

Thisfactprovesthe practical relevance of the fortified food
production and opens up great prospects for development
of technologies for fortification of various groups of food
products [31-33].

Therefore, there is an increasing necessity to apply
new methods for the optimal design of business pro-
cesses [34, 35].

Purpose of the research. Substantiation of necessity
and approbation of the technique of functional simulation at
the stage of structuring business processes to provide the
quality of fortified bakery products.

Object of the research. Business process of production
of bread and bakery products, fortified with biological
elements and vitamins that are scarce for the regions of
residence.

Materials and methods /

MaTepuanbl U MeTOAbI UCCNEAO0BaHUSA

International requirements of the Codex Alimentarius®,
which form the basis for controlling and monitoring in
development of model of a business process for the
production of fortified bread (bakery products); structured
analysis and design technique (SADT)?2; tools for graphical
simulation of business processes IDEFO, IDEF3, (Integration
Definition for Function Modeling) as information support for
the life cycle of fortification of bread and bakery products;
BPwin (AllFusion Process Modeler) — software product in
the sphere of CASE-technologies implementation.

Results and discussion / Pe3aynbraTbl 1 06CcyXxaeHue

Theapproachtofortification of bread and bakery products
is based on nutritional principles (figure 1), developed by
scientists of the Russian Academy of Sciences [36].

The conceptual basis of nutritional principles for
development of functional food products is harmonized with
the international requirements of the Codex Alimentarius.

We took into consideration that in accordance with the
structured analysis and design technique, it is necessary
to adhere to the same position, i.e. point of view, in order
to ensure a high-quality description of a technical system
when formalizing the simulation model and the approach to
technical description.

As a basis for choosing the point of view, we took the
stated purpose of simulation (Figure 2). Following the
classical approach to structural analysis?, while presenting
information on the process we considered the technology
of production of fortified bread and bakery products from
the point of view of a “quality engineer”. The choice of this
position — the position of “quality engineer” — is related to
necessity to determine the factors that in major affect the
quality and food safety of bakery products.

It is generally accepted that quality of a food product
must be created and maintained throughout all stages
of the product life cycle (PLC). Moreover, the product life
cycle shall include all processes, starting from defining the
consumers’ demand for particular food product and ending
with the stage of assessing of these needs satisfaction.
The demand for functional groups of food products (fortified
with deficient micronutrients) for daily mass consumption is
quite convincingly substantiated, including in the works of
the authors of the present article [27].

Marketing and design, as interrelated activities, play a
significant role in the stages of the product life cycle (PLC).
Moreover, the design stage shall be aimed at developing
a preliminary design (including information support) in

" Naumova N.L., Rebezov M.B., Varganova E.Ya. Functional products. Supply and demand. Chelyabinsk. 2012. ISBN: 978-5-696-04229-9
2 Mironova |.V., Galieva Z.A., Rebezov M.B., Motavina L.I., Smolnikova F.H. Basics of therapeutic and preventive nutrition. Almaty. 2015.

ISBN: 978-601-7544-70-6
3 URL: https://www.fao.org/fao-who-codexalimentarius/about-codex/en

4 Mark D.A., McGowan K.L. Methodology of structured analysis and design. 1993; 240.
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| Fig. 1. Nutritional principles of food fortification (summary) adopted as main controls

The use of micronutrients, the deficiency The effectiveness of fortified products Itis necessary to take into account the
. L - possibilities of chemical interaction of
of which actually takes place, is quite 7 should be confirmed by testing on groups — enriching additives with each other and with
widespread and dangerous for health of people the components of the enriched product
h
The content of vitamins and minerals in the .
enriched product should be at least 30-50 % |« Nutritional principles The enrlchmer]t of products shoulfj not
of the average daily requirement worsen their consumer properties
Enrichment of mass-consumption products The content of the introduced The amount of micronutrients should be
<« micronutrients should be indicated on the | calculated taking into account their content
individual packaging of this product in the product

accordance with the documented technical requirements
that ensure optimal costs. We took advantage of the SADT
at early stages of the process of the system development
(“system life cycle”, i. e. SLC), so this article focuses on the
food design stage.

Currently, SADT is successfully applied to a wide range of
engineering tasks. This methodology received wide support
in a sphere of national standardization within the framework
of the standardization concept for the management of life
cycle in the complex science-intensive products [37].
That proves the versatility of our approach. However, this
technique has not been widely used to ensure the quality
of fortified bakery products. This fact predetermined the
approbation of the technique of functional simulation for
this group of food products, widely represented in the mass
market.

Fig. 2. Determination of the aim and point of view regarding the model of the process

of fortified bread and bakery products production
Questions Aim

1. What affects the quality and safety of fortified bread
and bakery products?

2. How to meet the consumer’s requirements?

3. At what point do quality standards affect the production
of fortified bread and bakery products?

4. What ensures the functioning of the QMS?

5. What resources are needed to produce fortified bread
and bakery products?

6. What raw materials and what input data are required for
the production of fortified bread and bakery products?

7. What stages and what parameters of the quality of forti-
fied bread and bakery products is it necessary to control?

8. Isit possible to expand the range of quality and safety
indicators?

: ' . L enterprise.
9. Isit possible to meet customer’s requirements within B

the existing technological process?

10. What methods and means of control are needed to
expand the range of quality indicators?

Point of view: quality engineer.

Only from this point of view it is possible to show the factors that affect the quality and safety
of fortified bread and bakery products, as well as to simulate information flows that accompany

the production of fortified bread and bakery products.

product)

1. To structure the main stag-
es of the production process,
influencing the formation

of the quality and safety of
fortified bread and BAKERY
PRODUCTS.

2. Simulate information flows
accompanying the production
of fortified bread and BAKERY
PRODUCTS.

3. To create a model “As it
should be” for the process of
production of fortified bread
and CBI, which should be
achieved by the real process
“As itis” at a specific bakery

Fig. 3. The tree of the main functional blocks of the process “Production of fortified bread
and bakery products with deficient micronutrients” in BPWin environment (for a particular

Based on the adopted position, we substantiated the
direction for choosing the goal of the functional simulation
model (Figure 2). The chosen aim shall be considered
as achieved when the simulation process comes to its
end; in particular, when the task “Production of bread
(bakery products) fortified with deficient micronutrients” is
implemented.

To understand, analyze and make decisions about the
necessity to reengineer or replace the existing system, or
to design a new system, we tested the concept of tools
for graphical modeling of business processes IDEFO
(Integration Definition for Function Modeling) as information
support for the life cycle of bread and bakery products.
Meanwhile we took into account that the IDEFO standard is
a subset of SADT.

The previous author’s researches® conducted on the
example of development of the technology
of beer and beer-based beverages showed
“the promising nature of functional analysis
of the product life cycle, performed in the
BPWin software environment”. We took into
consideration that the program supports
three functional simulation techniques
(IDEFO, IDEF3, DFD). This combination
made it possible to clarify some stages of the
business process under analysis.

The position we choose, is aimed at
achieving the required quality and food
safety of bread and bakery products.
This position predetermined the nature
of research in order to optimize the
technological process. Using the IDEFO
functional simulation method, we created a
tree of functional blocks (Figure 3).

Based on the widely-known nutritional
principles of food fortification (Figure 1),
which we accepted as the main control
actions, we ran an analysis of input
information flows about the properties of
finished (fortified) bread. Among the control
information taken into consideration, we also
took into account the modern standards,

Decomposition levels

I II

Produce fortified bread and baked goods

A0 Im plem ent top managem ent responsibility
for quality managem ent

requirements and achievements in the
sphere of nutritional science and technology
of food fortification (Figure 4). This approach
is consistent with the chosen point of view of
the “quality engineer” and the technique of
functional simulation.

5 Tretyak L.N. Technology of production of beer with given properties: monograph. 2012; 463.
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Fig. 4. Control information taken into account during identification of the input information flows

endemic areas

Norms of micronutrients
— that are deficit for specific

According to technique
IDEFO, the function block is
designed to convert inputs (In-
put 11-17) to outputs (Output
01-02) with appropriate con-

C ) Modern .
_ Contro norms, | 1 Requirements for the
information requirements forms of micronutrient
and compounds
achievements

Organic trol actions (Control C1-C5)
] (as preferred) that restrict or provide the con-
— - ditions for conversions.

- Tnoreanic An adequate and sufficient
set of informational inputs (on
Availability of the left in the Flgyre 4) and
enriching, food and outputs (on the right in the
pharmaceutical Figure 4) was defined at the

- additives realize on the . .
markets stage of interviewing experts,

Technologies allowing to
produce bread and bakery
products of the required
quality

During the subsequent decomposition of stages of
fortification of finished (plain basic) bread or bakery
products (Figures 5-7), we took into account that the IDEFO
technique is standardized and independent. It gives an
adequate and fairly complete overview of a complex system
which the life cycle of food products belongs to.

During development and construction of metamodel
(context diagram) of the process (Figure 5), we identified
and structured the material (raw material) and regulatory
and legislative flows, that fill the boundary arrows of the
function “To fortify bread with deficient micronutrients”. It is
necessary to emphasize that the context diagram (Figure 5)
is aimed at implementation of the model aim, which, in its
turn, is related to the point of view of the “quality engineer”
(Figure 2).

engagedinthe subjectbusiness
process of the food fortification.
For detailed analysis of the
factors affecting the quality of
fortified bakery products, we
used our earlier results of the correlation “quality-to-factors”
taken from the causal diagram of Issikawa.

Control actions (C,-C;) are represented by a set of
norms and requirements: C, — nutritional standards
(MR 2.3.1.1915-04 “Recommended levels of consumption of
food and biologically active substances, MR 2.3.1.2432-08"
Norms of physiological requirements for energy and
nutrients for various groups of the population of the Russian
Federation”). As noted above, the national standards
are harmonized with the international standards®; C, —
technological instructions for plain basic bread and
fortified bread (bakery products); C; — recipe of fortifying
icing (fortifying composition); C, — regulatory and legal
documentation for the basic product (GOST R 58233-20187;
MR 2.83.2.2571-10 “Food fortification with vitamin and

| Fig. 5. Generalized functional-logical model of the process “Production of bread (bakery products) fortified with deficient micronutrients”

6 Commission Directive 2008/100/EC of 28 October 2008 amending Council Directive 90/496/EEC on nutrition labelling for foodstuffs as regards
recommended daily allowances, energy conversion factors and definitions (Text with EEA relevance). — URL: https://eur-lex.europa.eu/eli/dir/2008/100/0j

7 GOST R 58233-2018 Bread from wheat flour. Technical conditions.
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mineral complexes of mass market varieties of bakery
products produced according to national standards”8);
Cg — manuals for the operation of the main and auxiliary
technological, as well as control and measuring equipment.

To achieve the aims (Figure 2) and solve the tasks for
production of food with required quality, the business
process (Figure 4) must be provided with the mechanisms
(Mechanisms: M1-M4) listed below: M, — personnel, who
implements technological procedures for fortification of
bread (bakery products); M, — technological equipment;
M; — auxiliary equipment; M, — control and measuring
equipment necessary for the fortification of bread (bakery
products).

Conceptually, those executive mechanisms (resources)
are designed to implement transformations (Input —
Output) in accordance with the factors that affect the quality
and safety of the fortified bakery products. In our opinion,
it is the quality criteria of the final product (fortified bread
and bakery products) that shall be decisive throughout
the chain of correlation between the requirements for the
technological process, the base product, and the fortifying
additives.

Technological lines shall be provided with dispensers
for bulk mixtures, convective cooling lines for plain basic
bread and fortified bread, and for bakery products also (the
core equipment). The auxiliary equipment must include
measuring instruments, scales: analytical (for example,
scale of brand “Ohaus Pioneer”), laboratory scales (ACOM
JW-1-300), and other technological appliances.

Requirements for control and measuring equipment,
included into the technical basis of metrological functions,
must meet the criteria set forth by the authors earlier [38, 39].

The preliminary expert analysis and the method of
functional simulation, applied together with the technique

AGROENGINEERING AND FOOD TECHNOLOGIES I

of graphical structural analysis, revealed the following
sub-processes (Figure 6): 1) calculation of micronutrients
dosage rate; 2) mixing the basic mixture (confectionery
mixture as the base of the icing) and the fortifying additives
to obtain the fortifying mixture (composition); 3) mixing
the fortification mixture with water; 4) application of the
fortification mixture (icing) on the finished bread (baked
goods).

During the decomposition of the generalized functional-
logical model (Figure 4), some peculiar features of the
functions of sub-processes are established: all blocks (sub-
processes) are characterized by a connection of the “output-
input” type. This link establishes the working sequence per
each of the sub-processes, since the output of one function
serves as input to the next function.

The analysis of the technology of fortified bakery
products at various levels of its decomposition, made it
possible to identify the main issues: selection of the stage
of fortification and the method of mixing the components —
the micronutrients carriers.

The applying of fortifying additives complex — carriers
of deficient micronutrients — is suggested at the final
technological stage: it’s feasible to apply it on the surface
of the finished product in the form of fortified icing. This
method has several advantages. The main advantage is the
preservation of the properties of the fortification elements.
Preference is given to organic forms of fortifying additives:
they are the safest and more accessible for digestion by the
consumer’s body.

Previously obtained expert knowledge about the subject
area of the business process “Fortification of bread with
deficient micronutrients” was used to build a separate
model in IDEF3 notation. The process “Model of the fortified
icing preparation” (Figure 7), depicted by a diagram in the

I Fig. 6. Decomposition of the process “Fortification of bread with deficient micronutrients”

8 URL: https://docs.cntd.ru/document/1200078426
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| Fig. 7. Diagram of the process “Model of the fortified icing preparation” in IDEF3 notation

Pour the dry powder
(18 g) to the bowl

Add 228 mg of Selenium

Add 22 mg of
lodine-Active

To prepare the
components of
theicing

Mix the components till
homogenous state

Add 120 mg

Add distilled water
(2ml)

of Normotim

Add 22 mg of
Soduim fluoride

Apply the fortifying icing on the
surface of the bread or bakery
product

Model of fortifying icing preparation

IDEF3 notation, is decomposed to clarify the main business
process. The diagram represents the main organizational
unit of description in IDEF3. The construction of a diagram
(Figure 5) allowed us to simulate a situation when processes
(actions) areruninacertain sequence and interdependence,
as well as to describe the objects involved together in one
process.

The results of the conducted patent research (author’s
matrices of patent search) showed that this method has
signs of scientific novelty of the proposed patent solution.
Itis suggested to cook the fortifying icing on the basis of the
dry confectionery mixture “Alter-Icing”.

The following pharmaceutical preparations were
chosen as micronutrients carriers: “lodine-active” — as
a source of iodine, “Sodium fluoride” — as a source of

sodium, “Selenium 100 MGG” — as a source of selenium,
“Normotim” — as a source of lithium. It is proposed to apply
these pharmaceutical preparations, after their mixing, on
the surface of the finished product in the form of fortified
icing, in accordance with the original recipe.

Conclusions/BbiBoabl

It is possible to ascertain that the consumers’ interest
for the functional food products has increased. In particular
it can be referred to the food fortified with micronutrients
which are deficient for endemic territories (regions).
The proven fact of enhancing consumers’ preferences for
functional food involves the search for tools for providing
and managing the quality of functional food products at
various stages of their life cycle. The authors propose
to assure the due quality of fortified bakery products by
structured analysis and design technique.

The tree of the main functional blocks of the process
“Production of bread and bakery products fortified with
deficient micronutrients” developed by the authors in
the BPWin software environment and its subsequent

Bce aBTOpbl HECYT OTBETCTBEHHOCTb 3a PaboTy U NPeACTaBNEeHHbIE AaHHbIe.
Bce aBTOpbl BHECAN PaBHbIN BKNag, B paboTy.

ABTOPbI B PABHO CTENeHW NPUHYMaNN y4acTue B HannCaHum pyKonucu u
HEeCyT PaBHYIO OTBETCTBEHHOCTb 3a nNnarunar.

ABTOPbI 06b5BUAN 06 OTCYTCTBUM KOHMANKTA MHTEPECOB.

decomposition were performed to implement the point of
view of the “quality engineer”. The accepted position of
“quality engineer” allowed us to determine the factors that
primarily affect achieving the due quality and safety of bread
and bakery products.

Control actions are represented by a set of modern
nutritional norms and requirements for the quality and safety
of plain basic bread and fortified bread (bakery products).

Preliminary expert analysis, application of cause-effect
diagrams and the technique of graphical structural analysis
made it possible to determine the optimal number of sub-
processes of the business process under consideration.
The obtained result was used in decomposition of the main
business process “Production of bread and bakery products
fortified with deficient micronutrients”.

The obtained expert knowledge and analysis of the stages
of the fortified bakery products technology were used for
decomposition of the process “Model of the fortified icing
preparation”, performed in the IDEF3 notation.

Clarification of the main business process allowed
revealing the most significant technology issues: the choice
of the stage of applying the fortifying composition, the
method of the fortified icing mixing and applying on the base
food product.

Itis proposedtoapplythe complexof fortifying additives —
the carriers of deficient micronutrients (micronutrients and
vitamins) — at the final technological stage: to apply the
fortifying mixture on the surface of the ready-to-consume
food product in the form of fortifying icing.

The approach proposed by the authors for simulation
of the fortified bakery products technology, based on
the structured analysis and design technique, can play a
key role in providing the due quality of food product, and
in optimization of technological processes at the early
stages of the product life cycle, which is crucial in food
engineering.
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