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Abstract. This research is focused on improving the production technology of biscuit semi-finished products
by incorporating chickpea flour. The work analyzes improving the nutritional and physicochemical qualities
of the products, using mathematical modeling and data analysis in Mathcad to guide the process.

The aim of the research is to enhance the quality of biscuit products by substituting some of the wheat flour
with chickpea flour, while also identifying the ideal technological parameters that will make the product more
attractive to consumers, especially those who prioritize healthy eating.

Mathematical modeling methods, such as regression analysis, were used in the study to process experimental data.
This allowed us to find the optimal combinations of ingredients and improve the technological process to produce
high-quality biscuit semi-finished products. The study demonstrates how the use of chickpea flour can not only
enhance the product’s nutritional value — by increasing its protein, fiber, and mineral content — but also improve
its taste, texture, porosity, and longer freshness.

The main novelty of the research is the application of modern mathematical modeling methods to refine the recipe
and production processes for biscuit semi-finished products, making them competitive in the market, especially
for those who choose healthy eating options.

Analysis of the experimental data shows that the addition of legume flour leads to significant improvements
in the organoleptic and nutritional properties of the biscuit product.

The results of the study show that the optimized recipe provides a product with desirable organoleptic properties,
such as taste, texture, and color, while also contributing to overall health improvement. Furthermore, the regression
modeling used to determine optimal parameters ensures both economic efficiency and product quality, making
it promising for mass production. The conclusions of this study open up new opportunities for the development

of healthy and economically efficient food products that align with current dietary trends.
Key words: biscuit semi-finished product, legume flour, mathematical modeling, nutritional properties, product

optimization.

Problem Statement. The art of creating flour-
based confectionery products has a centuries-old
history, with its roots tracing back to ancient times.
Archaeological research indicates that more than
10,000 years ago, Neolithic settlements produced
flatbreads resembling modern cookies. The first
dough-based products began to emerge when humans
learned to grind grain into flour. Cakes became widely
popular with the discovery of sugar. Historians believe
that cane sugar was first produced in India, from
where it spread to Arab countries. In these regions,
it was harmoniously combined with aromatic spices
and seasonings brought from the Far East. In the 17th
century, chefs began using whipped egg whites instead
of yeast, marking a significant step in the creation of
light sponge cakes, which later became part of the
culinary heritage of many European countries.

Sponge-based confectionery products are among
the most popular types of baked goods due to their
delicate texture, pleasant taste, and versatility in
use. However, modern trends in the food industry,
driven by the growing demand for healthy eating

and functional products, encourage advancements in
sponge cake production technologies. One promising
direction is the use of plant-based raw materials,
which not only enhance the nutritional value but also
improve the sustainability of production.

Plant-based raw materials, such as cereals, legumes,
nuts, fruits, vegetables, and dietary fibers, contribute
to the enrichment of sponge-based products with
biologically active compounds, including vitamins,
minerals, antioxidants, and fiber. This enables the
creation of high-value-added products tailored to
various consumer categories, including individuals
with specific dietary needs.

Domestic  scientists  continuously  identify
promising directions for the development and
improvement of  sponge-based confectionery
products. Notable research has been conducted on
the assortment and modern production technologies
of sponge cakes. According to these studies, the
production of confectionery products using advanced
sponge cake varieties in Ukraine has reached a new,
higher professional level.
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An analysis of sponge cake consumption in the
diets of Ukrainians [1] and market monitoring of
its sales both in Ukraine and abroad [2] indicate
the significant production and export potential
of Ukraine’s confectionery industry, the growing
demands of consumers, and the increasing competition
in the sponge cake market.

In addition to traditional ingredients (premium
wheat flour, chicken eggs, white sugar, table salt,
and baking soda), sponge cake formulations include
emulsifiers, stabilizers, texture modifiers, as well as
flavoring, functional, and other food components.
These additives enhance the sensory properties of the
products, improve their nutritional and physiological
value, and expand the assortment within this category.

In particular, there are technologies for producing
sponge cake semi-finished products that involve
replacing wheat flour with buckwheat flour and
substituting chicken eggs with chickpea broth. Other
technologies propose replacing 10 % of wheat flour
with starch, semolina, and/or corn semolina, oat
flakes, or buckwheat flakes, as well as using gluten-
free flours (rice, corn, buckwheat) [3]. Additionally,
up to 15 % of dry ingredients can be substituted with
carrot purée, and 815 % of ground sunflower seeds
can be incorporated into the overall formulation, fully
replacing butter.

Another popular method for improving sponge
cake formulations is the introduction of new
unconventional animal-derived ingredients or the
partial replacement of traditional ingredients with
them. A significant contribution to this field was made
by Prof. H. V. Deinichenko and other researchers from
Kharkiv State University of Food Technology and
Trade (now State Biotechnological University). They
proposed replacing 9-11 % of wheat flour with whey
protein concentrate obtained through ultrafiltration.

There are also studies by domestic scientists
focusing on the technological processes of producing
both low-prepared semi-finished products and fully
baked sponge cakes. For example, a known method
of sponge cake production involves pre-cooling the
egg-sugar mixture to (+3...+5) °C and maintaining
it at this temperature for 2-3 hours, while the flour
is made from wheat grains treated with a pulsed
electromagnetic field for 1-2 days [4]. Additionally,
there is a technology for cooling sponge cake semi-
finished products under vacuum, and research has
been conducted on the impact of mixer design
parameters on the foaming process. International
colleagues have studied the effects of ingredients on
dough rheology, the physical and textural properties
of sponge cakes, and have also modeled heat and
mass transfer processes during baking [5].

Food science also recognizes other methods
for improving sponge cake production technology,
which involve the use of components derived from
advanced technological processing of plant- or
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animal-based raw materials, such as protein isolates
and concentrates, nanopowders, synthetic gluten-
free substances, and extracts. For instance, there are
technologies where the phytocomposite “Zhemchug”
[6] is used as an emulsifier, stevioside serves as a
sweetener, and elamin acts as a stabilizer [7].

Dikhtiar A.M. and his colleagues suggest using
a fat semi-finished product based on high-oleic
sunflower oil, with the addition of beeswax and
monoglyceride in the sponge cake formulation [8].
Shidakova-Kamenyuka O.H. and other researchers
recommend adding egg shell powder at a ratio of
5-5.5 % of the flour weight [4], while Aarabi F. and
Seyedain Ardebili M. propose using acrylamide in
the industrial rotational molding process of sponge
cake [9]. Xu J. and his colleagues are studying the
use of extracts from wild plants in the production of
gluten-free sponge cakes [10].

Based on the analysis of the literature, further
research in the direction of improving the technology
of sponge cake semi-finished products using plant-
based raw materials, particularly superfoods, holds
scientific and practical significance and is highly
relevant. In this regard, we propose the use of a
derivative product from chickpea seeds — flour made
from this legume.

Based on the analysis of the scientific and
technical literature dedicated to theoretical and
practical approaches to improving the technology
of sponge cake semi-finished products, it has been
established that in order to enhance its nutritional
and biological value, the search for new types of raw
materials with an improved chemical composition
is relevant. Additionally, to improve the quality
indicators of the product, it is advisable to develop
technological measures aimed at optimizing the
processes that occur during the stage of ingredient
whipping.

Research Results. It is well known that flour
from chickpeas is a valuable addition to wheat
flour, enhancing the nutritional value and functional
properties of food products. Its use enriches baked
goods with protein, fiber, vitamins, and minerals,
contributing to increased nutritional benefits. The
incorporation of flour from chickpeas affects the
rheological properties of dough, particularly altering
its viscosity, elasticity, and water absorption capacity.
The final products acquire a characteristic nutty
flavor, a yellowish color, and a more pronounced
satiety effect. Due to the presence of flour from
chickpeas, the glycemic index of the finished product
is reduced, making it more suitable for a healthy diet.
However, a high proportion of flour from chickpeas
in the formulation may alter the texture and volume
of the products, making it essential to optimize the
ratio in combination with wheat flour. Therefore,
it was decided to study the addition of flour from
chickpeas based on gluten ball spread tests, and the
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Fig. 1. Kinetics of CFB influence on gluten ball spread

obtained results confirm the findings of the reviewed
literature sources.

The extensibility of the samples increases with the
higher dosage of chickpea flour blend (CFB), ranging
from 20.7 % to 34.2 %. This is due to the disruption
of the gluten network integrity as CFB particles
distribute between the flour particles.

The study of gluten ball spread (Fig. 1) indicates
its relaxation.

Specifically, when CFB is added to the flour
mixture in amounts of 10.0-20.0 %, a decrease in
gluten elasticity by 6.4—19.3 % is observed compared
to the control sample. It was found that the gluten
ball spread index after 180 minutes in samples with
CFB increased by 1.1-1.4 times and 1.3—1.9 times,
respectively, compared to the control.

A deterioration in the water absorption capacity of
dough with chickpea flour blend (CFB) is observed,
along with an increase in dough formation time, a
decrease in stability, and a higher degree of thinning
under mechanical processing. This is explained by
the competition for moisture absorption between
the dietary fibers in the additives and the flour
biopolymers, as well as the dehydrating effect of the
sugars present in the additives.

The dough moisture content remained practically
unchanged, as the functional and technological
properties of the additional components were
accounted for in advance. During their incorporation
into the formulation at the mixing stage, the process
of adding liquid ingredients to the dough was
simultaneously adjusted.

Chickpea flour is a promising addition for
biscuit production due to its high protein content
(22.2-22.7 %), minerals (potassium, calcium, iron,
and zinc), as well as dietary fibers (10.65-13.95 %)

and vitamins. One of the main advantages of
chickpea flour is its significantly higher lysine
content compared to wheat flour, making it especially
beneficial for bakery products. Additionally, chickpea
flour contains monosaccharides and disaccharides
(3.56-4.35 %), which give it a mild sweet flavor,
allowing for a reduction in the amount of sugar in the
biscuit formulation.

We propose using flour obtained from chickpea
crops, a non-traditional raw material for food science,
to improve the chemical composition of biscuit
semifinished products. The traditional recipe is
presented in Table 1.

Table 1
Traditional Biscuit Semifinished Product Recipe

Raw Material Consumption
Raw Dry Matter per 1 ton of Semifinished
Material Content (DM), Product, kg
% In natural | In dry matter
form (DM)
Wheat flour 85.5 400.0 340.2
(grade 1)
Eggs 27 360.0 90.7
White sugar 99.7 400.0 390.9
Total 1160.0 830.8
Yield 1000

As is well known today, plant protein serves as an
alternative to animal protein in the food industry.

The external appearance results are presented in
Figure 2.

The chemical composition of the finished biscuit
semifinished products was determined by calculation,
using literature data on the chemical composition of
ingredients for flour-based confectionery products.
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Figure 2. External appearance of biscuit semifinished product with the addition of chickpea flour, %:
A — 0 (control sample); B—10; C —20; D —30

Table 2
Organoleptic characteristics of the studied samples and control

. Value for biscuit semifinished product samples, %
Indicator
0 (control) | 10.0 [ 200 | 30.0
Shape and surface condition Correct, fluffy
Color: .
_ Surface Light yellow
Crumb Light | Light with an intense yellow color
Aroma Pronounced taste and aroma of biscuit semifinished product, without foreign odors
Taste Sweet, without foreign aftertastes
Crumb texture: Medium pores, without signs of
_ Porosity under-mixing Fine-pored, retains its shape Well-developeq, dense. Does not
— - retain its shape
—Elasticity Elastic

Process control is carried out at all stages of based on the chickpea flour content (Table 3.3). For
production to ensure the high quality of finished this purpose, an incomplete factorial experiment
products, particularly bakery confectionery products.  design (PFE 3?) was developed.

During dough kneading, the specific chemical

composition of plant-based additives of natural Table 4
origin is taken into account, allowing for recipe PFE 3’ Plan in Coded Values
adjustments or close monitoring of structural changes Experiment X X,

in the dough. Plant-based raw materials typically 1 1 1
contain an increased amount of dietary fiber, which
contributes to strengthening the gluten framework
and forming additional air bubbles. This requires
prolonged mixing of additives with other ingredients
until a homogeneous mass is obtained. During
baking, these bubbles create cavities, ensuring the
spongy texture of the biscuit semifinished product in
the final product. A standardized biscuit recipe was
used as a control stage. ) ] )

At the next stage of research, mathematical In general form, the regression equation is
methods of scientific experiment planning were used presented below:
to optimize the recipe composition of the biscuit Y=a,+a,-X,+a,- X, +a, - X*+
semifinished product with plant-based raw materials,

+a, - Xi+as- X, - X, (1)

In the laboratory conditions, the values of the
output parameter were obtained through the results of

NN LN BN | Fo | RU) I N QS S)
|
—
==}

Table 3
Factors and levels of PFE 32

Experiment Levels . . 2 (T
. — - - implementing the PFE 32 (Fig. 3).
E t Fact . .
rperiment Factors M"(T;l)um Me(‘:)l)um Ma’zlll;mm Using the MathCAD Prime 7.0 software package,
X 5 the initial data were processed, and the result of the
| (sugar content, % of 5 10 15 . . . . .
chickpea flour mass) processing is the regression equation (2), which
X, (chickpea flour adequately describes the dependence of the output
content, % of total recipe 10 20 30 parameter on the varying factors, as well as the
components mass) response surface (Fig.4).
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Fig. 4. Response surface of the output parameter from the varying factors

((20- X1-350)- X2+
+(7000-400- X1))-a, +
+(25-X2*~1000- X2+10,000)-a, +
+(16- X1* =560 X1+4900)-a, +
+(250- X2-5000)-a, +
+(200- X1-3500)-a, +2500-a,

YI(X1,X2)= 500

Analysis of the data presented in Fig. 4 allows us to
establish that the best values of the output parameter
(about 4.05 cm’/g) can be obtained by dosing
chickpea flour in the range of (14.8-23.6) % of the
flour mass and sugar (sand) in the range of (11-13) %
of the recipe components’ mass. According to the
results of processing experimental data, the optimal
dosing of chicken eggs and sugar (sand) in the biscuit
semi-finished product recipe is 11.1 % and 18.6 %

of the flour weight in the recipe, respectively. The
results of the comparative quality assessment of the
biscuit semi-finished product based on organoleptic
indicators and specific volume, produced with and
without the addition of 15 % chickpea flour replacing
wheat flour, according to the optimized recipe, are
presented in Table 5.

Organoleptic quality indicators of the developed
biscuit products with the addition of plant protein raw
materials are presented in Table 6 and in Figure 6.

The sponge semi-finished product containing
chickpea flour, optimized through mathematical
modeling and data analysis in Mathcad, exhibits
improved nutritional and physicochemical properties.
The product is characterized by an increased content
of proteins, dietary fibers, minerals, a delicate texture,
uniform porosity, and prolonged freshness retention.
Regression modeling has been used to determine the
optimal composition and technological parameters,
ensuring both economic efficiency and product appeal
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Table 5

Recipe for biscuit semi-finished product using chickpea flour

Raw material usage per 1000 kg of semi-finished product, kg
Dry Matter Biscuit semi-finished product
Raw Material Name Content (DM), | Biscuit semi-finished product control s ”
% Chickpea-based
In natural form | In dry matter (DM) | In natural form | In dry matter (DM)
Wheat Flour (grade 1) 85.5 400.0 342.0 325.6 278.4
Chickpea Flour 84.5 0.0 0.0 73.6 62.2
Eggs 27 360.0 97.2 360.0 97.2
White Sugar 99.7 400.0 398.8 355.6 3545
Total 1160.0 838.0 1114.8 792.3
Yield 1000 1000
Table 6

Organoleptic quality indicators of biscuit semi-finished products

Indicator values for the samples of biscuit semi-finished products with the addition of chickpea flour

Indicator
Control

| Experimental Sample

Shape and surface

Correct, surface convex, without cracks or splits

condition
Color: .

_ Surface Light Brown

— Crumb Light to yellow Light yellow
Smell Typical for traditional products Typical for biscuit products, without foreign odors
Taste Typical for biscuit products, sweet, pleasant aftertaste Typical for biscuit products, sweet, without foreign

aftertastes

Crumb condition:

— Porosity Even, developed, fine-pored

Even, less developed, fine-pored, with inclusions of
chickpea flour

Elastic

— Elasticity

Fig. 5 Sponge semi-finished product with the addition
of chickpea flour

to consumers, particularly those interested in healthy
eating.

Conclusions. The application of chickpea flour
in the technology of sponge cake production has
been justified as a promising approach to improving
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its chemical composition, characterized by a high
content of protein-carbohydrate fractions.

It should be noted that when chickpea flour (CFB) is
added to the flour mixture in the amount of 10.0-20.0 %,
a decrease in the gluten elasticity value by 6.4—19.3 %
is observed compared to the control sample. However,
this reduction is not significant for the production of
sponge cake semifinished products, as weak flour
is preferable for sponge cakes. As a result of recipe
optimization, it has been determined that 15 % of wheat
flour can be replaced with chickpea flour. Additionally,
adjustments to the recipe include changes in the ratio
of sugar to egg mass due to the increased density of the
sponge cake semifinished product. Consequently, the
amount of sugar relative to flour has been reduced by
1.65 % compared to the traditional recipe.

It is summarized that short-term storage of
flour confectionery products leads to deterioration
of the crumb and moisture loss. This is caused by
complex physicochemical processes, including starch
retrogradation, protein denaturation, and moisture loss.

Therefore, the research results show that the
optimal recipe for biscuit semifinished products
using chickpea flour demonstrates high organoleptic
properties and increases the shelf life of the products
during storage compared to those made using the
traditional recipe.
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T. /Iucmonao, kanouoam mexuivnux nayx, ooyerwm, I. Hogik, kanoudam mexuiunux Hayk, ooyenm, A. CagueHko,
acucmenm, 1. I'onuapenko, acucmenm (/[ninposcoruti Hayionanvhutl yHisepcumem imeni Onecs [onuapa).
Bueuenns ennugy 6opowina Hymoeux Kyivmyp na 0ickeimnuii nanieghaopurxam

Anomayia. [le Oocniodcenns cnpsamoeane HA BOOCKOHAIEHHs TMeXHON02ii SupobHUYmMEea OICKEIMHUX
Hanighabpuxamis wiasxom 000asants Hymoeo2o bopouna. Ocodonusy yeazy npudiieHo NOKPAueHHIO IXHIX Xapuosux
ma QizuKo-XiMiuHUX 81aCMUB0CMEl, BUKOPUCTIOBYIOUU MEMOOU MAMEMAMUUHO20 MOOETIO8AHHS MAd AHANIZY OAHUX
y Mathcad.

Mema O0ocniorsceHHsa — niosuwumu SKicms OICKGIMHUX 8UPODIB, YACMKOBO 3AMIHUBUIU NULEHUYHE OOPOUIHO
bopowinom i3 HYmMy, a MAaKodC GUSHAYUMU ONMUMANbHI MEXHON02IYHI napamempu, SKi 3poonames HPoOYKm
npUBAbIUBUM O CNOACUBAUIB, 30KPEMA MUX, XIO OOMPUMYEMbCA NPUHYUNIE 300P0BO2O XAPUYBAHHL.

YV x00i pobomu 3acmocosysanuci memoou mamemamuyHo20 MOOEN08AHHSA, 30KpeMa pezpecitiHuil aHanis,
onst 00podKuU  excnepumenmanvHux Oanux. Ile 00360mUNO GU3HAUUMU HAUKpAWje NOEOHAHHA [HEPeJieHmie
ma onmuMIizyeamu MmexHoI02iuHULL npoyec, wob ompumamu OICKEIMHI Hanispadpuxamu UCOKOI AKOCMI.

Hocnioscenns niokpecnioe GUKOPUCMAHHA OOPOWIHA 3 HYMOGUX KYIbMYp fK IHepeOdieHmad, wjo He MilbKu
NOKPAWye Xapiosy YiHHICb NPOOYKNYy, 30L1buLyioun éMicm OLIKA, Xapuo8ux 6010KOH Ma MIHEPAnis, a il NOKpauyye
meKCmypy, NOpUCMicms ma mpusaie 30epediceHts Ceidcocmi.

Haykoga mosusna pobomu nonsicac 6 3ACMOCY8AHHI CYYACHUX MemoOi8 MAMeMaAmuyHo20 MOOen08aAnHs
ons onmumisayii peyenmypu ma SUpPoOOHUYO20 npoyecy OICKeIMHUX Hanighadbpuxamis, wo 3abde3neuye
IX KOHKYPEeHmMOCnpOMOICHICIb HA PUHKY, 0COONUBO ceped CNOJICUBAUIB, 3aYIKABIEHUX V) 300P0BOMY XAPUYEAHHI.

Ananiz excnepumenmanbHux OaHux NOKA3VE, WO 000A8aHHSA OOPOWHA 3 HYMOBUX KYAbMYp NPU3B00UMNb
00 3HAUHO20 NOKPAWEHHS OP2AHONEeNMUYHUX MA XAPUOBUX 61ACMUBOCHeEl DICKEIMHO20 NPOOYKIIY.

Bucnosku Oocnidoicenns cgiouame, wo ONMUMI308aHA peyenmypa 3abe3neyye npooyKm 3 0adcanumu
Op2aHONeNMUYHUMU BIACTNUBOCMAMU, MAKUMU K CMAK, MEKCMYypa ma Koip, 00HOYACHO CAPUSIOYU NOKPAWEHHIO
3azanvHux 300poes ‘a. Kpim moeo, pezpeciiine mMooento8anns, axe BUKOPUCINOBYBANOCS 051 BUSHAYEHHS ONMUMATbHUX
napamempis, 3abe3neuye K eKOHOMIUHY eghexmugnicms, max i AKicms npooyKmy, poonadu 1020 nepcneKmueHUM
0151 Macosoeo supodnuymea. Lle docniodcenns oae yinHi 8i0OMoOCmi 011 PO3POOKU 300POBUX MA EKOHOMIYHO
ehekmueHuUx NPOOYKMIe XapuyeanHs, Wo 6i0N08I0aoMmsb CyUaACHUM OIEMUYHUM MEHOEHYISIM.

Knrwuosi cnosa: dickeimuuti Hanieghabpuxam, OOPOUIHO 3 HYMOBUX KYIbMYp, MAmMemMamuyne MOoOemo8anHs,
Xapyoei 61acmueoCcmi, ONMUMI3ayist nPOOYKNLY.
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