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This study investigates the effect of oleaster (Elaeagnus angustifolia L.) powder, with and without the stone, on
the quality of mechanically aerated yeast-free bread produced using mechanical dough aeration, deep-freezing of
dough semi-finished products, and subsequent microwave thawing before baking. The study is relevant to the growing
demand for bakery products with enhanced nutritional value and to advances in frozen dough technologies that reduce
dough preparation time while ensuring consistent quality of the final products. The aim of the research was to evaluate
the influence of different levels of oleaster powder, with and without the stone, on the rheological, sensory,
physicochemical, and nutritional properties of mechanically aerated yeast-free bread and to determine the optimum
formulation. Modern analytical methods were employed, including the evaluation of dough rheological properties
using the Mixolab and CT-2 Structurometer, sensory assessment, determination of physicochemical characteristics,
chemical composition, vitamin and mineral contents, and mathematical modeling of the experimental data. The results
demonstrated that incorporating oleaster powder improved the nutritional and biological value of bread, enhanced the
structural-mechanical properties of the dough, and increased the contents of vitamins and minerals. The best overall
performance was achieved with the formulation containing 20% stone-free oleaster powder, which provided the
optimum combination of crumb porosity, specific volume, sensory quality, and chemical composition. The developed
formulation and processing technology can be applied in the industrial production of functional bakery products and
frozen mechanically aerated yeast-free dough semi-finished products.

Keywords: mechanically aerated yeast-free dough; oleaster powder; frozen dough semi-finished
products; shock freezing; structural-mechanical properties; rheological properties; bread quality.
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B cmamuve npeocmasnenst pesynsmameul ucciedoganusn eauanus nopouwika 0xcuowl (Elaeagnus angustifolia
L.) ¢ xocmouxoii u 0e3 KOCMOUKU HA KA4eCmeo COUBHO20 0e30P0IHCIHCe8020 Xeba, U320MOBIEHHO20 C
UCNOIb306AHUEM MEXHOI0ZUU MEXAHUYECKO20 AIPUPOSAHUA mMecma, 21yOoKoll 3aMopo3Ku nonypadbpuxkamos u
nocnedyiwoweco CBY-pazmopasrcusanua neped 6vineukoi. AKmyanbHocms UCCIe006aAHUA  00yCl061eHA
HeobX00uMocmuio paspabomKu HOBbLIX GUO0E8 X1e000YI0YUHBIX U30e Uil HOBLIUIEHHOI NUWLEOll UEHHOCU U
COBEPUIEHCMBOBAHUA MEXHOTIOZUIl NPOU3B00CHIBA 3AMOPONHCEHHBIX NOTIYPAOPUKANO8, NO3GONAIOUUX COKDAMUMD
RPOOONIHCUMENLHOCHL MECMONPUZOMOBIEHUA U 00ecnetums CMaduibHoe Kauecmeo 20moeoil npodykuyuu. Llenvro
UCCIe006AHUA ABNIAIOCH U3YUEHUE GIUAHUA DAZTUYHBIX 003UPOGOK NOPOUIKA OHCUOBL C KOCHOYKOU U He3 KOCmOoYKu
Ha peoniozuyecKue, opzaHoienmuiecKue, PU3UKo-XumuiecKue u nuuieble NOKA3amenu cOUHO20 0e30P0OIHCHCEE020
X1eba, a maksice onpedeneHue ONMUMAIbLHOU peyenmypsl. B pabome ucnonv3osanst cospemennvie memoovt OyeHKu
Kauecmea Xie0o0ynouHbIX U30enull, GKII0UAA UCCIE008AHUE PEONOCUYECKUX CEOTICHIE MeCHld ¢ RPUMEHEHUEM
npuoopoe Mixolab u Structurometer CT-2, opzanonenmuueckuil anaius, oOnpedeieHue QUIUKO-XUMUUECKUX
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nokazameneil, XUMUYECKO20 COCHMABA, COOEPHCAHUSI GUMAMUHO8 U MUHEPAIbHLIX GEWLECME, a4 MAKIHCe
Mamemamuyeckoe MoOeauposanue IKCREPUMEHMAILHBIX OAHHbBIX. YCMAHO0BIEHO, YMO 6HeCEHUE NOPOULKA 0HCUObL
CROCOOCHEYem ROGLIUIEHIIO RUWEBOTL U DUOTI0ZUYECKOT YUEHHOCHIU X1e0ad, YIYUULEeHUI0 CIPYKIYPHO-MEXAHUYECKUX
COIICME MeCma U YEeIUYEeHUI0 COOEPHCAHUS GUMAMURO6 U MUHepanbHbix eeujecms. Haunyuwue pesynomamel
noayuensl npu ucnonvzosanuu 20 % nopowka 0)cudvt 6€3 KOCMOUKU, 00eCneuUsaIOuiez0 ONMUMAIbHOE COYemanue
ROpUCHOCU, YOEbHO20 00beMd, OPZAHOJIENMUYECKUX XAPAKMEPUCHMUK U XUMUYECKO20 COCMABA 20MOGHIX
uzdenui. Ilpakmuueckan 3Hauumocmos padomel 3aKi0UAEMCs 6 603MONCHOCIU UCHONb30GAHUA PA3PAGOMAHHOIL
Peuenmypol U MeXHOJ0ZUU HPU APOU3B00CHIEe (DYHKYUOHANBHBIX XJ1€000YN0UHBIX U30CAUN U 3AMOPOIHCEHHBIX
COUBHBIX 0E30POIHCIHCEBBIX NOJIYPAOPUKAMOE HA NPEONPUAMUAX XT1eOONEKAPHOI NPOMBIULIEHHOCHU.

KioueBbie cioBa: cOuBHOe 0e3IpOiKiKeBOe TeCTO, NOPOLIOK UKHIbI, 3aMOpPOKeHHbIE
noaydadpukarsl, MIOKOBas 3aMOpPO3Ka, CTPYKTYPHO-MeXaHH4YeCKHe CBOWCTBA, peoJIOrHYecKue
XapaKTepPUCTUKH, KA4eCTBO XJ1eda.
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AIPAIMAIAHTAH HAHHBIH CAITACBIHA 9CEPI
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Maxanaoa KamvipObl MeEXAHUKANBIK AIPAUUATLAY MEXHOIO02UACHL He2i3inde OaublHOAN2aH, HCapmbliail
adpukammapvl mepen my3oamuiivin, Ricipy andblHOG MUKPOMOJIKbIHObL neuime JHcidiminzen auiblmKbicobl3 HAHHBIH
canacwvina cyiiekmi ycane cyiexciz mncude (Elaeagnus angustifolia L.) yumazoinvin acepin 3zepmmey naomuoicenepi
YCblHbLIZAH. 3epmmeyoil, 03eKminizi mazamovlK KYHObLIbIZbL HCOAPbl HCAHA HAH-MOKAWL OHIMOEPIH a3ipaey JHcaHe
Kamuipobl OaiiblHOAY YAKbImblH KblCKAPMbIN, OQUblH OHIMHIH MYpPAKmMbl CANACLIH KAMMAMACHI3 ememiH
MY30AMbLIRAH Heapmulaal Gadpukammaposvl OHOIPY MeXHOI02UANAPLIH HCeminoipy KaxcemminizimeHn Hezizoeneoi.
3epmmeyodiny, maKcamuvl — CyleKmi JcaHe CYHeKci3 Jcude YHMAbIHbIY IPMypPai MONMEPIiHIH, MeXAHUKATbIK
AIPAYUANAHIAH AUILIMKDICHI3 HAHHBLY PEO0I0ZUANBIK, OP2AHOIENMUKAIbIK, (DUUKA-XUMUATBIK HCIHE MAAMOBIK
KopcemKkiuimepine acepin aubiKmay, COHOQU-ax, OHMAIbl peyenmypanvl Hezizoey. 3epmmey 0apbvicbiHOQ HAH-
moKauwi OHIMOEpPIniy canacvli Hazanayoviy 3amanayu 0icmepi Konoanwvliovl. Kamvipoviy peonousanvik Kacuemmepi
Mixolab arcane Structurometer CT-2 acnanmapuoinoiy komezimen 3epmmenoi, 0atiblh OHIMHIY OP2AHOIENMUKATBIK,
JHcane QUIUKA-XUMUATBIK KOpcemKiuwimepi, XUMUAIBLIK KYpambl, GUMAMUHOED MEH MUHEPANObIK 3ammapobly
MoNuepi aHbIKMai0bl, COHOAL-AK, MacipudeniK depexmepze MamemMamuKaablK mooenvoey xcypeizinoi. 3epmmey
Hamudicenepi dncude YHMAZbIH KOJOAHY HAHHBIN MAAMObIK MHCIHE OUO0/102UANBIK KYHOLLIbIZbIH APDMMbIPLIN,
KamulpOblH, KYpollblMObIK-MEXAHUKAIbIK KACUEHIMEPIH JHCAKCAPMbIN, GUMAMUHOED MEH MUHEPANObIK 3aMmMapOblH
Mmonuepin koobeimeminin kopcemmi. En scozapvr namuscenep cyiiexciz sycude ynmazoitnoltyy 20 % monuwepin
Konoanzan kezode anvinovl. byn ynei xkeyexminici, meHwikmi Ko1emi, 0OpeaHoIenmMuKanvlk Kacuemmepi dHcaHe
XUMUATIBIK KEPAMbL OOHbIHULA eH Hco2apbl KepcemKiuimepze ue 6010bl. 3epmmey HamudicenePiniy nPaAKmMuUKauIblK
MAaHbI3bl I3IPSIEHZEH PeUenmypa MeH MeXHON0ZUAHbL HAH RICIPY KICINOPbIHOAPLIHOA PYHKYUOHAIOBIK HAH-MOKAUL
OHIMOEpPi MeH MY30amblilean MEXAHUKANBIK aIPAYUATAHAH AUBIMKBICHI3 JHcapmulaail padpukammap oHOipicinoe
KO10aHy MYMKIHOIZIMen cunammanaobl.

Heri3ri ce3gep: MeXaHMKAJBIK aIPalUSJIAHFAH AIIBITKBICHI3 KAMbIP, JKHAe YHTAFbI,
MY3aTBUIFAH KapThLIaii (padpuKaTTap, IOKTHIK MY31aTy, KYPbLIbIMAbIK-MeXaHHKAJIBIK KacueTrTep,
PEOJIOTHSIBIK KACHETTEP, HAH CaNachl.

Introduction plant-derived raw materials has demonstrated that
One of the priority directions in the such ingredients can significantly improve the
development of the bakery industry is the creation nutritional and biological characteristics of bakery
of bread products with enhanced nutritional and products without the need for complex
biological value. technological processes or synthetic additives.
Contemporary research on incorporating Among the most promising approaches is the use
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of powders obtained from berries, fruits, and wild-
growing plants, since they not only enrich bread
with essential nutrients, particularly vitamins,
dietary fiber, and natural antioxidants, but also
expand the range of functional bakery products
while preserving their desirable consumer charac-
teristics and overall product quality [1-5].

The incorporation of plant powders can also
affect the water absorption capacity of dough, its
rheological and structural-mechanical properties,
the formation and development of the gluten
network, and the technological characteristics of
the dough during processing. Consequently,
experimental determination of the optimal dosage
of such powders and the corresponding
technological parameters is essential to ensure
stable product quality and desirable functional
properties [4, 5].

Of particular interest to the bakery industry
of Kazakhstan is the utilization of the fruits of
Elaeagnus angustifolia L. (oleaster), a plant widely
distributed throughout the regions of Central Asia.
These fruits are distinguished by their
exceptionally high content of dietary fiber,
phenolic compounds, naturally occurring sugars,
minerals, and vitamins. In addition, available
studies indicate that oleaster fruits possess
considerable antioxidant capacity, with research
focused on the chemical composition of oleaster
fruits and on methods for their drying and
processing. At the same time, there is evidence that
the application of non-conventional dough-
processing technologies, including microwave
(MW) treatment, contributes to the preservation of
the functional properties of fruit-derived raw
materials while simultaneously enhancing their
technological value [1-3, 6-9].

Another relevant and rapidly developing
area of bakery technology is the production of
yeast-free whipped dough, in which the porous
structure is formed through the mechanical
incorporation of air into the dough system. This
technological approach makes it possible to
substantially reduce dough preparation time,
shorten the overall production cycle, and improve
manufacturing efficiency without the use of
baker’s yeast [8, 9].

Additional technological advantages of the
whipped dough process become particularly
evident when frozen semi-finished products are
employed. Modern deep-freezing technology
enables centralized dough production, followed by
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transportation over long distances and baking
immediately before sale, thereby reducing
production costs and decreasing labor intensity.
According to recent studies, frozen dough
technology represents one of the most rapidly
developing sectors of the bakery industry, since the
processes of deep freezing and subsequent thawing
markedly influence the protein-starch matrix of
dough, moisture distribution, and the rheological as
well as structural-mechanical properties of both
dough and the finished bread [10-14].

Despite the considerable number of
published studies, there remains a substantial lack
of information on the integrated use of oleaster
powder prepared both with and without the stone
in the production of yeast-free whipped bread from
frozen dough followed by microwave (MW)
thawing. Furthermore, the influence of these
technological factors on the organoleptic
characteristics and biochemical composition of
bread, including the contents of proteins,
carbohydrates, vitamins, minerals, and dietary
fiber, has not been sufficiently investigated. In
addition, no studies have reported mathematical
optimization of the formulation based on a
comprehensive evaluation of bread quality
indicators.

Therefore, the aim of the present study was
to investigate the effect of oleaster powder
produced from fruits both with and without the
stone on the quality characteristics of yeast-free
whipped bread manufactured using deep-freezing
technology followed by microwave (MW)
thawing, and to determine the rational formulation
parameters through mathematical modeling and a
comprehensive assessment of the bread quality
indicators.

Materials and research methods

First-grade wheat baking flour (GOST
26574-2017) [15], table salt (GOST R 51574-
2018) [16], food-grade citric acid (GOST 908-
2004) [17], drinking water complying with sanitary
and hygienic requirements, and Elaeagnus
angustifolia L. powder prepared from fruits with
and without stones were used as the research
materials. The powder was produced under
laboratory conditions from previously dried fruits
by grinding them into a powder (Figure 1). The
experimental studies were carried out in the
laboratory of the Research Institute of Food
Technologies of Almaty Technological University.
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" b)

Figure 1. Elaeagnus angustifolia L. powder: (a) prepared from fruits without stones; (b) prepared from fruits with stones

Seven variants of yeast-free whipped dough
were prepared for the study: a control sample
without the addition of Elaeagnus angustifolia
powder; three experimental samples in which part
of the flour was replaced with Elaeagnus
angustifolia powder prepared from fruits with
stones at levels of 10, 20, and 30%; and three
experimental samples in which part of the flour was
replaced with Elaeagnus angustifolia powder
prepared from fruits without stones at levels of 10,
20, and 30% of the flour weight.

The control sample consisted of yeast-free
whipped bread prepared according to a formulation
containing 100 g of first-grade wheat baking flour,
10 g of table salt, 5 g of food-grade citric acid, and
drinking water in an amount calculated to obtain
dough with the specified moisture content. In the
experimental samples, part of the wheat flour was
replaced with Elaeagnus angustifolia L. powder
prepared from fruits with stones or from fruits
without stones at levels of 10, 20, and 30% of the
flour weight. Accordingly, the amount of wheat
flour was reduced to 90, 80, and 70 g, while the
amount of Elaeagnus angustifolia L. powder was
10, 20, and 30 g, respectively. The amount of table
salt (10 g), food-grade citric acid (5 g), and the
guantity of added drinking water remained
unchanged in all the samples under investigation.

The dough was prepared using a laboratory
mechanical dough aeration unit equipped with a
sealed high-pressure chamber with a capacity of 5
L, a whisk-type rotor, a programmable drive, and a
pressure control sensor with an accuracy of +0.1
MPa. Atmospheric air served as the gas medium.
Each batch weighed 300 g, approximately 20% of
the chamber's working volume, ensuring effective
saturation of the dough mass with air.

Before mixing, all dry ingredients (flour,
table salt, citric acid, and Elaeagnus angustifolia
powder) were weighed on laboratory scales with an
accuracy of +0.01 g and pre-mixed for 1 min to
ensure uniform distribution of the powder in the
flour mixture. Drinking water at 18-20°C was then
added in the amount required to achieve the
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specified moisture content, after which the mixture
was transferred into the whipping chamber.

To prepare the experimental bread samples,
the dough was mixed at a rotor speed of 1000 rpm
for 4 min, ensuring uniform distribution of the
ingredients, hydration of the flour, and formation
of the dough’s protein—starch structure. At the
second stage, the chamber was hermetically sealed,
atmospheric air was supplied until the pressure
reached 4.0 £ 0.1 MPa, and the dough was
mechanically whipped at a rotor speed of 500 rpm
for 1.5 min. The combination of elevated pressure
and mechanical treatment ensured uniform
distribution of fine air bubbles and formation of a
stable aerated dough structure. For the
mathematical modeling, a separate experimental
series was conducted in which the mixing shaft
rotational speed (x:) and mixing time (x2) were
varied according to the experimental design within
the ranges of 225-1125 rpm and 3-9 min,
respectively, while the dough freezing temperature
(xs) was varied at —14, —27, and —38°C. The
remaining technological conditions, including the
pressure and mechanical aeration conditions, were
maintained as described above.

After whipping, the pressure inside the
chamber was gradually reduced to atmospheric
pressure. The dough was then removed, shaped
into dough pieces, and deep-frozen. Freezing was
carried out in a POLAIR CR5-G blast freezer
(Russia) at temperatures of -14, -27, and -38°C
according to the experimental design until the
temperature at the center of the dough piece
reached -18°C, which required approximately 60-
90 min depending on the freezing temperature.
After freezing, the dough semi-finished products
were hermetically packed in food-grade
polyethylene bags and stored at -18 + 2°C for 30
days.

Before baking, the dough pieces were
thawed in a domestic microwave oven at 800 W for
2-3 min until the temperature at the center of the
dough reached 20 + 2°C. After thawing, the bread
was baked in a convection oven at 200 = 5°C for
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35 min. The finished products were cooled at room
temperature (22-24°C) for 1-2 h, after which the
analyses were performed.

The organoleptic evaluation of the finished
bakery products was conducted in accordance with
GOST 27842-88 [18] by a tasting panel based on
the following characteristics: appearance, share,
surface condition, crust and crumb color, pore
structure, taste, and aroma. In addition, a
comparative evaluation of the samples was
performed using the differential sensory analysis
method with a 100-point scoring scale.

The physicochemical characteristics were
determined in accordance with the applicable
standards: moisture content according to GOST
21094-75 [19], porosity according to GOST 5669-
96 [20], and acidity according to GOST 5670-96
[21]. In addition, the contents of proteins, fats,
carbohydrates, dietary fiber, vitamins, and
minerals were determined using generally accepted
analytical methods, and the nutritional value of the
finished products was calculated.

The structural and mechanical properties of
the dough and bread crumb were also investigated.
Rheological characteristics were measured using a
CT-2 Structurometer. For the dough samples, total
deformation (H:), plastic deformation (H:), and
elastic deformation (Hs) were measured. Total
deformation characterized the dough system's
ability to deform under an external load. Plastic
deformation reflected the extent of irreversible
structural changes and the dough's moldability.
Elastic deformation characterized the dough's
ability to recover its original shape after the load
was removed and served as an indirect indication
of gluten network development and the structural
integrity of the dough system.

The structural and mechanical properties of
the bread crumb were determined after cooling the
products at room temperature for 2 h. Crumb
samples were cut from the central part of the loaf
and formed into cylinders or plates with a thickness
of 25 mm. Texture profile analysis was performed
using the single-cycle compression method to 40%
of the initial sample height at an indenter speed of
1.0 mm/s. Crumb hardness was determined from
the maximum compression force recorded on the
force-deformation curve. Each determination was
performed in at least three replicates.

Mathematical modeling and statistical
analysis of the experimental data were used to
evaluate the influence of the factors on bread
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quality. All experiments were performed in
triplicate. The results are presented as the mean and
standard deviation. Differences between the mean
values were assessed at a significance level of p <
0.05.

Results and discussion

Before low- temperature treatment, the main
physicochemical properties of the mechanically
aerated dough were determined. The results
showed that the moisture content of the
investigated dough samples ranged from 51 to 56
%, while the acidity varied from 4.53 to 5.52
degrees. The control sample had a moisture content
of 52.0 % and an acidity of 5.2 degrees. It was
established that the addition of Elaeagnus
angustifolia L. powder, whether prepared from
fruit with stones or without, did not significantly
affect the dough' s moisture content. The slight
differences observed among the experimental
samples indicate that comparable conditions for the
hydration of proteins and starch were maintained,
which is particularly important for the formation of
a stable aerated structure in mechanically whipped
dough.

It should be noted that the acidity of all the
investigated samples remained within the
technologically acceptable range for yeast- free
dough. The results indicate that the incorporation
of Elaeagnus angustifolia L. powder did not
disturb the acid—base balance of the dough system
and did not create unfavorable conditions for the
formation of the semi- finished product structure.
Since no significant differences in moisture content
or acidity were observed, the subsequent analysis
focused on the structural-mechanical and rheo-
logical properties of the dough.

After mechanical aeration, the dough pieces
were hermetically packed and deep- frozen at
temperatures of- 14, - 27, and —38 °C. After
storage, the semi- finished products were thawed
using microwave (MW) treatment and then baked.
Since the stability of the aerated structure during
freezing is primarily determined by the rheological
properties of the dough, particular attention was
paid to the analysis of the Mixolab results and the
structural-mechanical  characteristics obtained
using the CT- 2 Structurometer.

Figures 2 and 3 present the Mixolab curves
and CT- 2 Structurometer data obtained for the
samples that demonstrated the most optimal
characteristics.
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Figure 2. Mixolab curves: a) control sample of yeast-free whipped dough; b) yeast-free whipped dough containing 20%
Elaeagnus angustifolia L. powder prepared from fruits without stones; c) yeast-free whipped dough containing 10%
Elaeagnus angustifolia L. powder prepared from fruits with stones

The rheological evaluation of the dough
using the Mixolab showed that adding Elaeagnus
angustifolia L. powder significantly affected
dough hydration, gluten network formation, and
thermo-mechanical stability. The highest rheo-
logical performance was observed in the sample
containing 20% Elaeagnus angustifolia L. powder
prepared from fruits without stones. Compared
with the control, this dough exhibited a longer
development time, greater stability under
mechanical stress, and a more stable proteinstarch
complex during heating, indicating the formation
of a stronger three-dimensional dough structure.

The high Mixolab values for this sample are
likely linked to the chemical composition of
Elaeagnus angustifolia L. powder prepared from
fruits without stones. The fruit pulp contains
substantial amounts of pectic substances, soluble
dietary fiber, and naturally occurring sugars with
high water-binding capacity. These components
promote a more uniform distribution of moisture,
stabilize the protein—starch matrix, and help retain
the dispersed gas phase formed during mechanical
aeration. In addition, soluble polysaccharides may
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act as natural cryoprotectants, reducing moisture
migration and minimizing structural damage to the
dough during freezing and subsequent thawing.

The second-highest rheological performance
was observed in the sample containing 10%
Elaeagnus angustifolia L. powder prepared from
fruits without stones. Although the effect was
somewhat less pronounced than in the 20%
formulation, this sample still exhibited greater
dough stability and higher resistance to mechanical
stress than the control, confirming the beneficial
effect of a moderate level of the plant powder on
dough structure formation.

Slightly lower rheological performance was
observed in dough prepared with Elaeagnus
angustifolia L. powder obtained from fruits with
stones. Among these samples, the 10% formulation
performed best. According to the CT-2 Struc-
turometer data, this sample exhibited relatively
high plasticity and satisfactory elasticity; however,
its ability to recover its structure after mechanical
loading was lower than that of the sample
containing powder prepared from fruits without
stones.
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Figure 3. CT-2 Structurometer curves: a) control sample of yeast-free whipped dough; b) yeast-free whipped dough
containing 20% Elaeagnus angustifolia L. powder prepared from fruits without stones; c) yeast-free whipped dough
containing 10% Elaeagnus angustifolia L. powder prepared from fruits with stones

The results can be explained by the chemical
composition of the raw materials used in the study.
Unlike the fruit pulp, the stone contains
considerably higher amounts of insoluble dietary
fiber and lignocellulosic components. As the
dosage increases, these particles partially disrupt
the continuity of the gluten network, limit its
extensibility, and reduce the dough's ability to
retain the finely dispersed gas phase [8, 9]. Ata low
level of incorporation (10%), this effect is
practically insignificant; however, with increasing
powder content, the influence of the coarse
particles becomes more pronounced.

The results of the structural-mechanical
analysis were fully consistent with the Mixolab
data. The highest values of total, plastic, and elastic
deformation were observed in the dough
containing 20% Elaeagnus angustifolia L. powder
prepared from stone-free fruits, indicating an
optimal balance between plasticity and elasticity of
the dough system and a high capacity to withstand
mechanical loading without destroying the
developed structure. In contrast, the control sample
exhibited the lowest values of the investigated
parameters, indicating a less developed three-
dimensional structure of the mechanically aerated
dough.
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Thus, the results obtained using two
independent analytical methods—Mixolab and
structural-mechanical analysis—showed the same
pattern of changes in the rheological properties of
the dough. Incorporating 20% Elaeagnus
angustifolia L. powder prepared from stone-free
fruits had the most favorable effect on the
development of the structural-mechanical charac-
teristics of mechanically aerated yeast-free dough,
whereas among the samples containing powder
prepared from fruits with stones, the formulation
with 10% powder proved to be the most preferable.
These findings suggest that using Elaeagnus
angustifolia L. powder prepared from stone-free
fruits promotes the formation of a more stable
protein—starch matrix with an enhanced ability to
preserve the aerated structure during freezing,
thawing, and subsequent baking.

After mechanical aeration, the dough pieces
were shaped, hermetically packed in food-grade
polyethylene bags, and deep-frozen in a POLAIR
CR5-G blast freezer at temperatures of —14, —27,
and —38°C until the temperature at the center of the
dough piece reached —18°C. Freezing time ranged
from 60 to 90 min, depending on the freezing
temperature. After freezing, the semi-finished
products were stored at —18 = 2°C for 30 days.
Before baking, the frozen dough was thawed in a
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microwave oven at 800 W for 2-3 min until the Elaeagnus angustifolia L. powder prepared from
temperature at the center of the dough piece stone-free fruits; Sample No. 2—bread containing
reached 20 + 2°C, after which the bread was baked 20% Elaeagnus angustifolia L. powder prepared
in a convection oven at 200 £ 5°C for 35 min. The from stone-free fruits; Sample No. 3—bread
finished products were cooled at room temperature containing 30% Elaeagnus angustifolia L. powder
for 1-2 h, after which their organoleptic, prepared from stone-free fruits; Sample No. 4—
physicochemical, and  structural-mechanical bread containing 10% Elaeagnus angustifolia L.
characteristics were determined. powder prepared from fruits with stones; Sample

The appearance of the whipped bread No. 5—bread containing 20% Elaeagnus
containing powder prepared from fruits with stones angustifolia L. powder prepared from fruits with
and without stones is shown in Figure 4. For stones; and Sample No. 6—bread containing 30%
convenience, the bread samples were designated as Elaeagnus angustifolia L. powder prepared from
follows: Sample No. 1—bread containing 10% fruits with stones.

Control Nel) Ne2) Ne3) Ned) NeS) NeG)

Figure 4. Appearance of yeast-free whipped bread containing Elaeagnus angustifolia L. powder

The incorporation of Elaeagnus angustifolia whether it was prepared from fruits with or without
L. powder had a noticeable effect on the stones, the bread quality deteriorated noticeably.
appearance, crumb structure, taste, and aroma of The finished products exhibited a smaller loaf
the finished bread. According to the sensory volume, a less developed porous structure, and a
evaluation results, the highest scores were obtained denser crumb. The reduction in sensory scores was
by the samples containing 10% and 20% most likely associated with the excessive amount
Elaeagnus angustifolia L. powder prepared from of dietary fiber, which restricted the development
stone-free fruits. These bread samples were of the gluten network and reduced the dough's
characterized by a regular shape, well-developed ability to retain the gas phase formed during
volume, a uniform, fine-walled, porous crumb mechanical aeration. In addition, the increased
structure, an elastic crumb, and a pleasant light- content of the plant powder enhanced the dough's
brown crust color. The taste and aroma were water-binding capacity, resulting in a denser, less
harmonious, with  delicate  fruity  notes aerated crumb.
characteristic of Elaeagnus angustifolia fruits that Further studies were carried out to determine
did not adversely affect the traditional sensory the physicochemical properties of the bread
properties of the bread. samples (Table 1).

When the level of Elaeagnus angustifolia L.
powder was increased to 30%, regardless of

Table 1. Effect of Elaeagnus angustifolia L. powder on the physicochemical properties and volumetric characteristics of
yeast-free whipped bread prepared with powder from fruits with stones and without stones

Sample Moisture Acidity. Porosity. % Specific volume. H/D ratio
content. % degrees cm?/100 g
Control 41.8 5.0 53.6 200 0.42
Nel 42.6 5.2 54.6 233 0.48
Ne2 43.4 5.7 63.1 255 0.50
Ne3 42.8 6.5 60.8 231 0.46
N4 421 5.6 48.4 212 0.40
Ne5 42.4 6.2 56.6 240 0.42
Ne6 43.2 6.8 54.7 222 0.37
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As shown in Table 1, incorporating
Elaeagnus angustifolia L. powder significantly
affected the quality characteristics of yeast-free
whipped bread. The best results were observed for
Sample No. 2 (20% Elaeagnus angustifolia L.
powder prepared from fruits without stones), which
had the highest porosity (63.1%), specific volume
(255 c¢cm?100 g), and height-to-diameter (H/D)
ratio (0.50). Sample No. 1 also showed higher
values than the control for all parameters, though
the improvement was less pronounced. At 30%, the
volumetric characteristics of the bread decreased,

likely due to a weakened gluten network caused by
the high dietary fiber content. Among samples
containing Elaeagnus angustifolia L. powder
prepared from fruits with stones, Sample No. 5
recorded the highest wvalues; however, its
characteristics were still inferior to those of the
corresponding samples prepared with powder from
fruits without stones. The moisture content of the
bread samples changed only slightly, whereas
acidity increased consistently with higher levels of
Elaeagnus angustifolia L. powder.

Table 2. Chemical composition of yeast-free whipped bread containing Elaeagnus angustifolia L. powder prepared from

fruits with stones and without stones

Parameter conrol | T | Norz | Novs | News | Nes | Nas
Protein, g/100 g 7.60 7.72 7.90 7.83 7.80 8.02 8.10
Fat, g/100 g 1.20 1.23 1.26 1.28 1.34 1.42 1.55
Carbohydrates, g/100 g 50.8 50.5 50.1 49.6 50.0 49.5 49.0
Vitamin A, mg/100 g 0.010 0.015 0.020 0.023 0.013 0.016 0.018
Vitamin E, mg/100 g 2.00 2.25 2.55 2.75 2.15 2.35 2.50
Vitamin C, mg/100 g 2.0 3.6 4.8 55 2.8 35 4.2
Vitamin B:, mg/100 g 0.30 0.32 0.34 0.36 0.33 0.36 0.39
Vitamin Bz, mg/100 g 0.05 0.08 0.10 0.12 0.08 0.11 0.13
Vitamin Bs, mg/100 g 3.50 3.55 3.62 3.68 3.60 3.68 3.75
Vitamin Bs, mg/100 g 0.42 0.46 0.50 0.53 0.45 0.50 0.55
Vitamin Bs, mg/100 g 0.52 0.54 0.56 0.58 0.55 0.58 0.61
Folate (Vitamin Bo), pug/100 g 22 25 28 30 24 27 29
Iron, mg/100 g 1.40 1.55 1.68 1.75 1.72 1.88 2.05
Potassium, mg/100 g 145 162 178 186 155 170 182
Calcium, mg/100 g 25 30 33 35 36 40 44
Magnesium, mg/100 g 24 28 30 32 31 35 38
Phosphorus, mg/100 g 95 103 108 112 109 116 121
Sodium, mg/100 g 395 394 392 390 393 392 390
Zinc, mg/100 g 1.20 1.25 1.30 1.35 1.32 1.40 1.48
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As shown in Table 2, adding Elaeagnus
angustifolia L. powder improved the nutritional
value of yeast-free whipped bread. All
experimental samples contained more protein,
vitamins, and minerals than the control. Among
samples prepared with Elaeagnus angustifolia L.
powder from stoneless fruits, Sample No. 2 (20%)
exhibited the most favorable technological and
nutritional characteristics. This sample had higher
levels of protein, vitamins A, C, E, and B-group
vitamins, as well as potassium, calcium, magne-
sium, and phosphorus. Increasing the powder
content to 30% further raised certain biologically
active compounds; however, this was accom-
panied by deterioration in the bread's sensory and
structural-mechanical properties.

Samples  prepared with  Elaeagnus
angustifolia L. powder from fruits with stones had
higher levels of protein, fat, and minerals,
particularly iron, calcium, magnesium, phosp-
horus, and zinc, likely due to the high conc-
entration of minerals and structural components in
the stones. The highest values for most of the
investigated parameters were observed in Sample
No. 6 (30% powder prepared from fruits with
stones); however, considering overall techno-
logical characteristics, this sample was inferior to
Sample No. 2. These results indicate that
incorporating 20% Elaeagnus angustifolia L.
powder prepared from stoneless fruits provides
the most rational combination of high sensory and
physicochemical characteristics with enhanced
nutritional and biological value of the finished
bread.

To gain a more comprehensive
understanding of the relationship between the
chemical composition and the technological
characteristics of yeast-free whipped bread, a
mathematical analysis of the experimental data
was conducted. The resulting relationships
enabled identification of the factors that exert the
greatest influence on the formation of the bread
structure and its consumer properties. To further
evaluate the influence of the main technological
parameters on the nutritional characteristics of the
finished bread, mathematical modeling was
performed using experimental data from a
separate series of experiments. A second-order
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rotatable central composite design for three
factors was used to develop the mathematical
model of the investigated technological process.
The factors were varied according to the
experimental design within the following ranges:
x1 — rotational speed of the mixing shaft, 225—
1125 rpm; x2 — mixing time, 3-9 min; and xs —
dough freezing temperature, —14, —27, and
—38°C. The remaining technological conditions
were maintained as described in the Materials and
Methods section.

The optimization criterion was defined as
the maximum retention of vitamin C:

Z3 - Vmax

As a result of the statistical processing of
the experimental data, the coefficients of the
second-order regression equation were obtained.

The reproducibility variance was calculated
as follows:

SZ, = 0.3603
Adequacy variance:
S2, = 4.0657

The calculated value of the Fisher (F) test
was:

F, = 11.2852

The Fisher test confirmed that the
developed mathematical model was adequate for
analyzing and predicting the vitamin C content of
the finished bread. The response surface plots
(Figure 5) illustrate the combined effects of
mixing shaft rotational speed, mixing time, and
dough freezing temperature on vitamin C
retention. Among the factors studied, freezing
temperature (xs) had the strongest effect. As the
freezing temperature decreased from —14 to
—38°C, the predicted vitamin C content increased
to 6-10 mg/100 g. This may reflect a lower rate of
oxidative processes and better preservation of
water-soluble vitamins at lower temperatures.
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Figure 5. Response surface plots illustrating the effect of technological factors on the vitamin C content of the finished
products (Z;): a) effect of mixing shaft rotational speed and mixing time; b) effect of mixing shaft rotational speed and

dough freezing temperature; c) effect of mixing time and dough freezing temperature

Vitamin B: content (Z), expressed in The calculated value of the Fisher (F) test

mg/100 g, served as the second response variable was:
in the mathematical model. The same second-order
regression model was used to assess how mixing F, = 0.6414
shaft rotational speed, mixing time, and dough
freezing temperature affect vitamin B: content. The Fisher test confirmed that the
Reproducibility variance: mathematical model was adequate for describing
and predicting the vitamin B: content of the

finished bread. The response surface plots from the

Sr%p = 0.00068
model are presented in Figure 6.

Adequacy variance:

S2 = 0.0004362
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Figure 6. Response surface plots illustrating the effect of technological factors on the vitamin B: content of the finished
products (Z.): a) effect of mixing shaft rotational speed and mixing time; b) effect of mixing shaft rotational speed and
dough freezing temperature; c) effect of mixing time and dough freezing temperature

The response surface plots indicate that
vitamin B content was affected by the technological
factors studied, though the changes were less
pronounced than those observed for vitamin C. The
surfaces were relatively smooth, indicating that
variations in mixing speed and time had a moderate
effect on vitamin B: content. Freezing temperature
also influenced vitamin B: retention. Within the
investigated range of —14 to —38°C, lower freezing
temperatures were associated with better preservation
of vitamin B:. Overall, the results indicate that the
selected mixing and freezing conditions can help
maintain the nutritional value of the finished bread.

The mathematical modeling results showed
that the technological factors affected the retention of
vitamins C and B: in the finished bread to different
degrees. Freezing temperature had the most
pronounced effect on vitamin retention, while mixing
shaft rotational speed and mixing time had a less
pronounced effect. The results of the mathematical
modeling complemented the experimental findings
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and supported the selection of 20% Elaeagnus
angustifolia L. powder prepared from fruit without
stones as the most rational formulation.

Thus, the results of the experimental studies
and mathematical modeling complement each other
and confirm that incorporating 20% Elaeagnus
angustifolia L. powder, prepared from fruit without
stones, is the most rational technological approach for
producing yeast-free whipped bread with high
consumer quality and enhanced nutritional value.

Conclusion

The present study investigated the effect of
Elaeagnus angustifolia L. powder made from fruits
with and without stones on the quality of
mechanically aerated, yeast-free bread produced
from deep-frozen dough semi-finished products
using microwave thawing before baking. The results
showed that adding oleaster powder improved the
bread's nutritional profile, increasing protein,
vitamin, and mineral content compared with the
control sample. Among the formulations studied, the
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bread containing 20% Elaeagnus angustifolia L.
powder from stoneless fruits showed the most
favorable combination of technological, physico-
chemical, sensory, and nutritional characteristics.
This formulation achieved a porosity of 63.1%, a
specific volume of 255 cm?/100 g, and an H/D ratio
of 0.50, while also increasing protein, vitamin, and
mineral content compared with the control.
Increasing the powder content to 30% further
increased some nutritional components  but
negatively affected the bread's structural and sensory
properties. Mathematical modeling showed that
mixing shaft rotational speed, mixing time, and
dough freezing temperature affected the retention of
vitamins C and B: to varying degrees. Among these
factors, freezing temperature had the most
pronounced effect on vitamin retention. Within the
investigated range of —14 to —38°C, lower freezing
temperatures were associated with better preservation
of water-soluble vitamins. The developed models
were confirmed to be adequate by the Fisher test and
can be used to evaluate the effect of the studied
technological parameters on vitamin retention.
Overall, the results indicate that using 20%
Elaeagnus angustifolia L. powder from stoneless
fruits is a promising approach for producing
mechanically aerated, yeast-free bread with improved
nutritional value while maintaining satisfactory
technological and sensory quality.
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