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Abstract.

To ensure a balanced diet, bakers use plant-based raw materials with a high nutritional value which affect the properties of
flour and dough. We aimed to study the effects of a complex additive based on plant components on wheat flour’s amylolytic
activity and gas-forming ability, as well as on the dough’s rise and gas-retaining ability during fermentation.

Our study objects included premium wheat flour, a water-flour suspension, and wheat dough with a complex additive
(at concentrations of 10, 16, and 22% by weight of flour mixtures). The additive contained whole wheat flour, crushed
sprouted spelt, powdered pumpkin seeds, oyster mushrooms, and gooseberries at a ratio of 56.3:25.0:17.2:0.9:0.6, respectively.
An amylograph-E was used to study the viscosity of the water-flour suspension during heating, an ICHP-1-2 apparatus
measured the falling number, and an F4 rheofermentometer assessed the flour’s gas-forming ability and the dough’s rise and
gas-retaining ability.

The complex additive improved the enzymatic activity of the flour, increased the dough rise by an average of 8.4 mm, and
reduced the fermentation time needed to reach the maximum height by an average of 17.8%, compared to the control. The
total volume of carbon dioxide, as well as the volumes of lost and retained carbon dioxide, increased by an average of 35.8,
99.7, and 26.9%, respectively, compared to the control. The optimal concentration of the complex additive introduced into
premium wheat flour was 16%, at which the dough rose to its maximum height and had the longest porosity time. To obtain
high-quality products with this concentration of the additive, the total time of dough fermentation and proofing should be
reduced by 17.8% compared to the unfortified dough.

The results can be used in the production of bakery products from premium wheat flour fortified with the complex additive
based on plant components. During the process, it is important to determine the duration of dough maturation and reduce the
total time of dough fermentation and proofing depending on the concentration of the additive. Further research is needed to
study the effect of the complex additive on the structural and mechanical properties of dough during its development.

Keywords. Bakery products, dough, plant raw materials, fortification, quality, gas formation, gas-retaining ability, amylolytic
activity, amylogram
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AHHOTANMA.

B xnebomexapHoil NMPOMBIIUIEHHOCTH AJisi o0ecredeHus: cOaJaHCHPOBAHHOCTH COCTaBa TOTOBBIX HM3JENUI HCIIONB3YeTCs
pacTUTEIBHOE CHIPhE MOBBILICHHON MHUIIEBOH IIEHHOCTH, KOTOPOE BIHSIET Ha CBOMCTBA MYKH M TECTOBBIX 1OJIy(aOpHKATOB.
Llenb nccaeoBaHMs 3aKII0YANACH B M3YUSHHUH BIHSHUS MHUIIEBOH KOMIUICKCHOW 100aBKH Ha OCHOBE KOMITO3HIIMH PAaCTUTEIBHBIX
KOMIIOHEHTOB Ha aMHUJIOJHUTHYECKYIO aKTHBHOCTD U T'a3000pa3yoNIyi0 CIOCOOHOCTh MYKH MIIEHUYHON, IUHAMUKY MOJIHSITHS
1 Ta30y1epKUBAIOLIYI0 CIIOCOOHOCTh TeCTa B MpoIecce OPOKEeHHUS.

OO0BEeKTaMU HCCIAEAOBAHMS SBISINCH MyKa NMIIEHUYHAs BBICHIETO COPTA, BOJHO-MYYHAs CyCIEH3UA M IMIIEHUYHOE TECTO C
MIUIIEBOI KOMIUIEKCHOH 100aBKoif (B KoHneHTpanusax 10, 16 m 22 % x Macce TOTOBBIX My4YHBIX cMecel). [InmeBast kommiaekcHas
nobaBKa MmpencTaBisieT co00i cMech MyKH MIICHUYHONH 000WHOM U M3MEIbUECHHON MIPOPOIIEHHOM CIENBTHI, 8 TAKXKE MOPOIIKOB
CEMSH THIKBBI, IUIOJOBBIX TEJl TPHOOB BEIICHKHU U SITOJl KPHKOBHUKA IIPU COOTHOIICHUH 56,3:25,0:17,2:0,9:0,6 cCOOTBETCTBEHHO.
Bsi3k0CTh BOIHO-MYYHOH CyCIIEH3MH NCCIIe0BAIM IPU HArPEBAaHUH C IPUMEHEHHeM amuiorpada-E, uncio mageHus onpeaesim
Ha npubope MYII-1-2, ra3000pa3yroIny CIOCOOHOCTh MYKH, JTHHAMHKY MOJHSITHS U Ta30yICPKUBAIOIIYI0 CIIOCOOHOCTH
Tecta — Ha peodhepmenTomeTpe F4.

yCTaHOBHeHO, 4qTo l'lpl/l BHCCCHHHU l'II/I]_LIeBOI\(’l KOMIIJICKCHOM 11063.BKI/I TMOBBIIIACTCS (bepMeHTaTI/IBHaﬂ AKTUBHOCTH MyKI/I, yBeJ’II/IqI/IBaeTCﬂ
BBICOTA MTOIbEMA TECTA B CPEAHEM Ha §,4 MM M COKpAIlaeTcs MPOJOIKUTEIbHOCTh OPOKEHUS 10 JOCTHIKEHHSI MAaKCUMAIbHON
BBICOTHI MOJBEMa B cpeaHeM Ha 17,8 % Mo cpaBHEHHMIO ¢ KOHTposieM. BeisiBunnm yBenndenne oOmero oobema u 005eMOB
MOTEPSTHHOTO M yeP>KaHHOTO YITIEKHCIOTO ra3a B cpeaneM Ha 35,8, 99,7 1 26,9 % cOOTBETCTBEHHO MO CPABHEHHIO C KOHTPOIIEM.
OnTumanbHas KOHICHTPALHS MUIIEBON KOMIUIEKCHOW J0OOaBKM COBMECTHO C MIICHHMYHO MYKOW BBICIIETO COPTa COCTABIISET
16 %. B aTOM citydae OTMETHIN MaKCHUMalbHbIE BHICOTY IOJbEMa TECTa U BpeMs Hadaja NOTEPH TECTOM YIJIEKHCIIOrO rasa.
JU1s TIoJTy9eHNsT TOTOBBIX M3/SJINH BHICOKOTO KauyecTBa IMPH JAaHHOU JO3MPOBKE MHUIIEBOH 100aBKH obmiee BpeMs OpoxKeHHS
TECTa U PACCTOMKH TECTOBBIX 3aTrOTOBOK CIIEAYeT COKpAaTHTh Ha 17,8 % 1O cpaBHEHHIO ¢ TECTOBBIMU IOy dadpukatamu 6e3
J00aBKH.

[Tony4deHHbIE pe3ynbTaThl MOTYT OBITH HCIOJb30BaHBI B IMPOU3BOACTBE OOOTalIeHHBIX XJIEOOOYIOUYHBIX H3ACTHH U3
MIIEHNYHONH MYKH BBICLIETO COpPTa ¢ BHECEHHEM MUIIEBOM KOMIJIEKCHON 100aBKH HAa OCHOBE PACTHTENbHBIX KOMIOHEHTOB.
Heo6xoanMo onpeaensaTs MpoA0KUTEILHOCTS CO3PEBAHUS TECTA M COKPAIIAaTh 00IIee BpeMsi OPOKEHHUS U PACCTOMKHI TECTOBBIX
3arOTOBOK B 3aBHCHUMOCTH OT JO3HPOBKH 100aBKH. LlenecooOpa3sHO MPONOIKUTE UCCIEAOBAHMS B HAMPABICHUN U3YYCHUS
BIIUSIHUSA TMHIIEBON KOMIUJICKCHON J00AaBKH Ha CTPYKTYPHO-MEXAaHUYECKHE CBOWCTBA TECTOBHIX MONTYy()adpuKaToB B IMpoIecce
CO3pEBAHUS.

KnwueBble ciioBa. XJ'I6606YJ'IO“IHLI€ usaeius, TeCTo, paCTUTEIbHOEC ChIPLE, 06OFaHI€HI/Ie, Kadye€CTBO, FaSOO6pa30BaHI/I€, raso-
YAC€pKuUBaromas CHOCOGHOCTB, AMUJIOJIUTUYCCKAsA aKTUBHOCTh, aMUJIOr'paMMa

®dunaHcupoBaHue. PaboTa BeimosHeHa Ha 06a3e yueOHO-HCCIe0BaTeNbCKOM 1abopaTopun «O1eHKa KadecTBa IPo10BOIbCTBEH-
HOTO ChIPbSl M IHIIEBOH Npoxykunu» Ka3zaHCKOT0 HallMOHAJIBHOTO MCCIEJOBATEILCKOIO TEXHOJIOTHYECKOI0 YHUBEPCUTETA
(KHUTYV)ROR,

Jasi nuTHpoBaHus: BiusHHE KOMIUIEKCHOW /J00aBKM Ha XJeOOoNeKapHbIC CBOWCTBA MyKH W TecTa HpU OpoKeHUH /
A. B. Macnos [u ap.] // TexHHKa ¥ TEXHOJIOTHS MUIIEBHIX Mpon3BoACcTB. 2023. T. 53. Ne 2. C. 347-356. (Ha anru.). https://doi.org/
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Introduction

Public health maintenance is a major strategic
task that involves creating conditions for a balanced
diet. The growth in non-infectious diet-related disea-
ses is a cause of disability and lower life expectan-
cy [1, 2]. Monitoring surveys among Russian child-
ren and adults show that their diets do not comply
with the principles of healthy nutrition. In particu-
lar, they have high calorie and fat intakes and are low
in proteins, vitamins, macro- and microelements, and
fiber [3, 4].

This adds weight to the studies aiming to enhance
the nutritional value of food products by enriching them
with highly nutritional ingredients [5-9]. A balanced
diet should contain enriched staple foods, such as bakery
products, which are affordable for various population
groups [10].

Bakers use various raw materials of plant origin to
increase the nutritional value of products and enhan-
ce their functional properties [11-15]. Sprouted spelt,
pumpkin seeds, oyster mushrooms, and gooseberries are
some of the most promising raw materials in terms of
their chemical composition and technological properties.
In previous studies, we established an optimal ratio
of these ingredients in a complex food additive and
determined its effect on the rheological properties of
wheat dough during kneading [16, 17].

Fermentation and proofing of dough pieces are im-
portant stages in the production of bakery products.
During these stages, the dough loosens and accumulates
those compounds which are responsible for the bread’s
taste and aroma during baking. The dough’s loosening
during fermentation depends on its rheological proper-
ties, namely its ability to expand and retain carbon dio-
xide produced under the action of yeast. Changes in the
dough’s rheological properties during fermentation
affect its workability when cutting, shaping, and roun-
ding. This way, they affect the quality of the finished
product [18]. Of great importance is also the gas-forming
ability of flour. It is determined by the content of sugars,
the amylolytic activity of enzymes, and the degree of
damage to starch granules [19, 20].

Enriching additives change the baking properties of
flour and the intensity of dough fermentation. Therefore,
these properties need to be evaluated when using non-
traditional ingredients [12]. The amylolytic activity of
flour can be determined by the falling number. This
indicator indirectly assesses the viscosity of a gelatinized
flour suspension by the speed of the lowering stirrer
rod [21]. Alternatively, amylographs and viscometers
are used to directly determine changes in viscosity over
time during starch gelatinization by the magnitude of
the torque [22].

Several methods are applied to assess the rheological
properties of dough during fermentation. One of them
determines the dynamic density of dough [23]. A matu-
rograph (Brabender) is used to measure the volume
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of dough during proofing [24]. A rheofermentometer
(Chopin Technologies) can assess the height of dough
and the volume of gas released and retained during
dough fermentation [25, 26]. In baking, it is mainly
used to study the enzymatic activity of flour and yeast
action, as well as the effect of technological additives,
enzymes, or non-traditional ingredients on the process
of dough fermentation [25]. In addition, a rheofermeto-
meter can indirectly indicate the quality of complex
gluten proteins [21].

We aimed to study the effect of a complex additive
on the amylolytic activity and gas-forming ability of
flour, as well as the dough’s rising and gas-retaining
ability during fermentation.

Study objects and methods

For this study, we used the following raw materials
and ingredients:

1) premium wheat flour (Makfa, Russia), State
Standard 26574-2017;

2) a complex additive consisting of whole wheat flour
(Garnets, Russia), State Standard 26574-2017, crushed
sprouted spelt, and powders of pumpkin seeds, oyster
mushrooms, and gooseberries obtained in a vibrating
dryer-mill in a ratio of 56.3:25.0:17.2:0.9:0.6, respec-
tively [27]. The composition of the additive was based
on the experiments reported in [16]. The additive was
introduced into the flour at concentrations of 10, 16,
and 22%;

3) pressed baking yeast (Saf-Neva, Russia), State
Standard R 54731-2011; and

4) food-grade salt (Araltuz, Kazakhstan), State
Standard R 51574-2018.

The amylolytic activity of the flour was determined
by the viscosity of a water-flour suspension (80 g flour,
450 mL distilled water) during its gelatinization when
heated according to State Standard ISO 7973-2013, using
an amylograph-E (Brabender, Germany). Another indi-
cator of the amylolytic activity was the falling number.
It was determined by the Hagberg-Perten method on
an IChP-1-2 apparatus (Dolgoprudnenskoe Research
and Production Enterprise, Russia) according to State
Standard ISO 3093-2016.

The flour’s gas-forming ability and the dough’s ri-
sing and gas-retaining ability were determined on an
F4 rheofermentometer (Chopin Technologies, France).
The dough samples were kneaded for 4 min in a Ul-
ETV-MT laboratory dough-maker for trial baking
(Mototech, Russia) according to the formulations in
Table 1. The moisture content in the finished wheat
dough was 44%.

Rheofermentometer studies were conducted accor-
ding to the AACC Standard 89-01 to measure yeast
activity and gas production [28]. For this, 315 g dough
samples were placed in the fermentation chamber, with
a 2000 g load placed on top of them.
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Table 1. Formulations for dough samples from premium wheat flour

Tabnuna 1. Penentyps! TecTOBBIX Oy (aOpUKAaTOB U3 NIICHHYHON MyKH BEICIIET0 COPTa

Ingredients, g Control Concentrations of the additive to the weight of the flour mixture, %
10 16 22
Premium wheat flour grade 100 90 84 78
Complex additive 0 10 16 22
Pressed yeast 2.8 2,8 2,8 2.8
Food-grade salt 2 2 2 2
Water as calculated as calculated as calculated as calculated

The measurements were taken at 28.5°C for
180 min, namely:
1) the maximum dough height under load (/7 _, mm);
2) the maximum dough height corresponding to
the maximum volume (H° , mm);
3) the dough height at the end of the study (4, mm);
4) the dough falling coefficient ((/{_—h) x 100/H_, %);
5) the dough rise rate (DS = H _*™" — H _'"™"/30);
6) the fermentation time needed to reach maximum
height (7', min);
7) the fermentation time needed to reach maximum
volume (7", min);
8) the dough porosity time, or the time at which the
dough begins to lose carbon dioxide (7, min);
9) the volume of carbon dioxide lost (¥, mL);
10) the volume of carbon dioxide retained (V,, mL);
11) the total volume of carbon dioxide produced
\.» mL); and
12) the gas retention coefficient (¥, x 100/V,, %).
MS Excel was used for statistical analysis, equations
of second degree polynomial regression, and reliable
approximation R?. Statistica 13 was used for correlation
analysis.

v

Results and discussion

The baking properties of wheat flour largely depend
on starch gelatinization and a-amylase activity. These
indicators can be measured using an amylograph-E.
This apparatus heats the water-flour suspension at
1.5°C/min, which is consistent with the heating rate of
dough pieces in the oven [21]. Figure 1 shows the amy-
lograms of a water-flour suspension made from pre-
mium wheat flour and containing a complex additive.
Their analysis is presented in Figs. 2 and 3.

According to Fig. 1, the complex additive increa-
sed the gelatinization start temperature by an average
of 0.8°C compared to the control, with a maximum rea-
ched by its concentration of 22%. However, higher
concentrations of the additive decreased the gelatiniza-
tion temperature and maximum viscosity. This is due
to the amylolytic enzymes in sprouted spelt contai-
ned in the additive. The given changes corresponded
to the second degree polynomial equations and were
confirmed by the values of reliable approximation R?

(Fig. 2).
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Figure 3 shows the effect of the complex additive on
the falling number of premium wheat flour and the time
it took the water-flour suspension to reach maximum
viscosity during heating.

We found that increased concentrations of the comp-
lex additive decreased the falling number and the time
it took the water-flour suspension to reach maximum
viscosity during heating. The correlation analysis sho-
wed a significant relationship between the falling num-
ber (Fig. 3) and the amylograph-E’s measurements
(Figs. 2 and 3) of gelatinization temperature ( = 0.99,
p = 0.007), maximum viscosity (» = 0.99, p = 0.007),
and the time of reaching maximum viscosity ( = 0.99,
p = 0.007). The data indicated that the complex addi-
tive increased the enzymatic activity of wheat flour,
which helps to reduce the time of dough fermentation
and proofing.

The effects of the complex additive on the gas-forming
ability of flour, as well as the rising and gas-retaining
abilities of dough during fermentation are presented
in Figs. 4-8.

The dough rise curves (Fig. 4) show a rapid increase
in the dough height at the beginning of fermentation.
This was due to the dough’s ability to hold all the
gas produced by the yeast. However, as fermentation
continued, the dough rose more slowly until it reached
its maximum height and stopped rising. During this
process, only part of the gases was retained, while the
rest was lost. Pores forming as a result of gas retention
expanded and some of them were destroyed by increasing
pressure, releasing some of the gases and preventing
the dough rise [19].

The maximum dough height under load (H _, mm)
depends on the gluten framework and the dough’s
rheological properties, as well as correlates with the
volume of the finished bread. This indicator characte-
rizes the gas-forming ability of flour and the general
structure of the matrix in the system. Higher /7 values
mean that the combination of gas production and
matrix structure is more conducive to dough volume
maintenance compared to the system with lower H
values. The more gas is retained in the dough, the
higher the volume of the finished bread [20].

According to Figs. 4 and 5, introducing the complex
additive into premium wheat flour increased the height
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Figure 1. Amylograms of a water-flour suspension from premium wheat flour and the complex additive
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Pucynok 1. AMHIOrpaMMBI BOZHO-MYYHOH CyCIIEH3UH U3 CMECH MYKHU IIICHUYHOH BBICIIEI0 COPTA M MUIEBON KOMIUIEKCHOU 100aBKU
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Figure 2. The effect of the complex additive
on the gelatinization of a water-flour suspension

PucyHok 2. BausiHue numieBoil KOMIUIEKCHO 100aBKH
Ha I0Ka3aTesl KJICHCTepH3alu BOAHO-MYYHOIl CyClIeH3UHI
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Figure 3. The effect of the complex additive on the falling
number of premium wheat flour and the time of reaching

maximum viscosity during heating

PucyHok 3. BausiHue nunieBoil KOMIUIEKCHOM J100aBKH Ha YUCIIO
MaJeHust ¥ BPEeMs 10 JOCTHKEHUSI MAaKCUMAJIbHON BA3KOCTH

BOI[HO-My‘IHOﬁ CyCIICH3UH IIPpU Harp€BaHUuU
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Pucynok 4. BousiHue numeBoi KOMIIIEKCHOH J00aBKH Ha ra3000pa3yonIyio CIoCOOHOCTH MIIEHUYHONH MyKH BBICIIETO COpTa,
JTUHAMHUKY MOJHATHUS M ra30yAepiKHBAIONIYI0 CIOCOOHOCTh MIIEHHYHOI0 TecTa
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Figure 5. The effect of the complex additive
on the wheat dough development

PucyHok 5. BausiHue nuieBoil KOMIUIEKCHOH J100aBKH
Ha AMHAMUKY HOJHATHS MIIEHUYHOTO TecTa

of the dough samples by 6.6—11.2 mm compared to the
control. The dough with 16% of the additive had the
maximum height, which was 26.0% higher than the
control. Noteworthily, the control sample reached its
maximum height only at the end of the three-hour test,
while the dough with 16% of the additive did it 36 min
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faster. The sample with 22% of the additive was fastest
in reaching its maximum rise, namely 58.5 min —faster
than the control.

As can be seen in Fig. 5, higher concentrations of the
additive increased the maximum dough rise (consistent
with the maximum volume) by an average of 23.3%,
compared to the control. Further, the fermentation time
required to reach the maximum volume was reduced
by an average of 34.5 min, compared to the control
dough without the additive.

The gas graphs (Fig. 4) show two peaks. The first
peak indicates the gas produced by yeast during the
fermentation of sugars in the flour mixture, while the
second peak is characteristic of maltose fermenta-
tion. The test samples reached the first peak faster
than the control. In particular, the sample with 22%
of the additive reached the first peak faster than
the other samples and 15 min faster than the control.
Noteworthily, the amount of carbon dioxide released
by the yeast at the first peak was higher compa-
red to the control. In addition, the complex additive
increased the dough rise rate during fermentation
(Fig. 6).

We found that yeast cells were activated by the
presence of the complex additive at the beginning of
fermentation. As a result, they not only fermented flour
sugars faster, but also released more carbon dioxide
due to extra nutrients contained in the additive.
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0 10 16 22 dioxide were also higher by an average of 99.7 and
26.9%, respectively, compared to the control. Since
more carbon dioxide was lost than retained, the gas
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retaining ability. This is associated with higher dough
permeability caused by the weakening of the protein—

Figure 8. The effect of the complex additive on the carbohydrate matrix during starch hydrolysis and peptide

dough’s gas-retaining ability and the flour’s gas-forming bonds in proteins [29]. Similar data were obtained for
ability sprouted wheat [30].

Pucynok 8. BiusHue numeBoi KOMIIEKCHOH n100aBKH The correlation analysis showed a significant

Ha ra30y/IepKHBAIONIYI0 CIOCOOHOCTh TECTOBBIX 10Ty (habpuKaToB statistical relationship (p < ()_()5) between the

1 ra3006pasyiomyio CIoCOGHOCTE MyKH concentration of the additive and the maximum

dough height corresponding to the maximum volume
(r=0.97), the gas retention coefficient (» = 0.98), and

The dough samples with 10 and 16% of the ad- ¢ fermentation time until the maximum volume is
ditive began to lose carbon dioxide (7)) 1.5 and reached (r = 0.996).

6.0 min later than the control, respectively. However, The readings of the rheofermetometer depended on

the dough with 22% of the additive began to lose car-  the flour’s enzymatic activity. In particular, we found
bon dioxide 9.0 min earlier than the control (Fig. 7). reliable statistical negative correlations (p < 0.05)
This concentration probably had a stronger destruc-  between the maximum dough height corresponding
tive effect on the protein-starch matrix of wheat to the maximum volume and the gelatinization tem-

dough compared to the other concentrations under perature (» = —0.97), maximum viscosity (» = —0.97),
study. These data were consistent with the results of  falling number (+ = —0.99), and the time it takes to

our previous rheological studies on a farinograph. reach maximum viscosity (» = —0.97). The volume of
In particular, introducing 22% of the additive into carbon dioxide loss positively correlated (p < 0.05) with
the flour mixture significantly shortened the dough the gelatinization start temperature (» = 0.99), while
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the volume of retained gas negatively correlated with
the gelatinization temperature (» = —0.99), maximum
viscosity (r = —0.99), falling number (» = —0.99),
and the time it takes to reach maximum viscosity
(r=-0.99). Also, the gas retention coefficient negatively
correlated with the gelatinization start temperature
(r=-0.99).

Using the data from our previous study [17], we
performed a correlation analysis to establish the effect
of flour mixtures and the dough’s rheological parame-
ters during kneading on the dough during fermenta-
tion. We found significant correlations (p < 0.05) bet-
ween the maximum dough height corresponding to
the maximum volume and the quality of wet gluten,
water absorption (500 FE), moisture of flour mixtures,
dough stability, farinograph quality number, and mois-
ture of wet gluten (» = 0.98, 0.98, —-0.99, —0.95, —-0.95,
and 0.96, respectively). There were also strong corre-
lations (p < 0.05) between the volume of CO, retai-
ned by the dough and the above indicators (» = 0.99,
0.97, -1.0, —0.98, —0.98, and 0.96, respectively), as
well as the degree of softening according to the
ICC standard (r = 0.97). The total gas volume negati-
vely correlated (p < 0.05) with the dough develop-
ment time (» = —0.97) and positively correlated with
the quality of wet gluten (» = 0.97) and water absorp-
tion (500 FE) (= 0.95). The fermentation time needed
to reach the maximum volume positively correlated
(p < 0.05) with the dough formation time (» = 0.96).
This indicated that the properties of dough during
fermentation are determined by the baking proper-
ties of wheat flour and the rheological properties of
dough during kneading.

Thus, taking into account the changes in dough
rise, as well as the dough’s gas-retaining ability and
the flour’s gas-forming ability, we selected an optimal
concentration of the complex additive (16%) for pre-
mium wheat flour. This concentration ensured the
maximum dough rise and the longest dough porosity
time (when the dough starts to lose CO,).

Conclusion

We studied the effects of the complex additive on
the viscosity of a water-flour suspension during its ge-
latinization when heated, the flour’s gas-forming abi-
lity, dough development, and the dough’s gas-retaining
ability during fermentation.

According to the results, the complex additive
increased the enzymatic activity of wheat flour. In par-
ticular, it raised the gelatinization start temperature
and lowered the temperature of complete gelatiniza-
tion, maximum viscosity, the time needed to reach maxi-
mum viscosity, and the falling number, compared to
the control. The correlation analysis showed a signifi-
cant positive relationship between the falling number
and the readings of the amylograph-E, namely the ge-
latinization temperature, maximum viscosity, and time
needed to reach maximum viscosity (= 0.99, p < 0.05).
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The dough samples made with the complex addi-
tive were 8.4 mm higher than the control. Their fermen-
tation time until they reached the maximum height
decreased by an average of 17.8% compared to the
control. Their maximum height corresponding to the
maximum volume increased by an average of 23.3%
compared to the control. The fermentation time it took
the doughs to reach the maximum volume decreased by
an average of 19.9% compared to the control.

The complex additive increased the total volume
of carbon dioxide by an average of 35.8% compared
to the control. The volumes of lost and retained car-
bon dioxide increased by an average of 99.7 and 26.9%,
respectively. Larger amounts of the additive decrea-
sed the retention coefficient by 3.6—-10.9% compared
to the control sample.

We found that 16% was an optimal concentration of
the complex additive introduced into premium wheat
flour. This amount contributed to the maximum dough
rise and the longest dough porosity time when the dough
begins to lose carbon dioxide.

In practical terms, our results can be used in the
production of bakery products from premium wheat
flour fortified with 16% of the complex additive. In
order to obtain high-quality products, the total time of
fermentation and proofing should be reduced by 17.8%
compared to the dough without the additive.

Further research is needed to study the effect of
the complex additive on the structural and mechanical
properties of dough during its development.
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