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Obijective. Research into the influence of sugar content on organoleptic, physicochemical and
rheological indicators, in particular on the parameters of starch gelatinization of a gluten flour
mixture, the state of its carbohydrate-amylase complex, which determine the dough formation
processes and the quality of finished gluten-free cakes.

Methods. To ensure the fulfillment of the tasks, standard generally accepted and special
research methods were used. Samples were selected and prepared for research according to DSTU
ISO 6498:2006. The mass fraction of dry substances was determined by the refractometric method;
the mass fraction of carbohydrates - by the Bertrand-Bierry centrifugal method; the starch
gelatinization temperature, the maximum viscosity index for various model systems - using the
Brabender amylograph..

Results. The recipe and technology of gluten-free cakes with milk-protein concentrate of
buttermilk have been developed. In the developed technology, a mixture of corn and rice flour was
used as flour, and the structure-forming component was milk-protein concentrate of buttermilk. The
influence of individual recipe components, in particular sugar, on the physicochemical, rheological
and organoleptic parameters of model food systems of gluten-free cakes with MPC buttermilk was
determined. The influence of sugar on the parameters of starch gelatinization of flour, the state of its
carbohydrate-amylase complex, dough formation processes in the technology of gluten-free cakes
and the quality of finished products were studied. It has been proven that in further studies it is
advisable to reduce the sugar content by 10...15% in the recipe of gluten-free cakes as one of the
effective ways of influencing the processes of protein swelling and starch gelatinization of the mixture
of gluten flour in order to obtain products with certain physicochemical and organoleptic quality
indicators.
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Formulation of the problem. Due to the rapid growth in the world and, in particular, in
Ukraine, of food-related diseases, the number of people with excess body weight, fermentopathies,
and the limitation of natural food resources, the problem of developing technologies for flour
confectionery products (FCP) with a regulated nutrient composition, in particular gluten-free, as a
group of products characterized by increased demand from the population, has become dominant.

Gluten-free food is currently a healthy eating trend. Millions of people around the world have
started consuming gluten-free foods (cereal protein from wheat, rye, barley, oats) due to the general
perception of health promotion and disease prevention, dissemination of information among
consumers, intensification of marketing activities and improvement of sales channels for gluten-free
products [1, 2].

Analysis of recent research and publications. The creation of scientific and practical
principles for the production of gluten-free flour confectionery products is devoted to the works of
domestic and foreign scientists: V.V. Dorokhovych, O.V. Nemyrich, A. V. Gavrisha, O.I.
Shapovalenko, O.S. Pavlyuchenko, N.V. Chornoi, T. O. Lisovska, Camino M., Jeffrey L., Trif A,
and others [3-9].

The scientific works of scientists are aimed at finding new technological solutions for the
creation of flour confectionery products of increased biological value by involving certain types of
gluten-free flour raw materials, non-traditional dairy raw materials on the principles of resource
conservation, which determines the perspective and relevance of this scientific direction.

In the course of developing recipes for gluten-free flour confectionery products, in particular
cupcakes, the most close attention, in our opinion, deserves the problem of imitating the structure-
forming properties of gluten-containing raw materials. The absence of gluten in gluten-free flour raw
materials and the need to create a porous, elastic structure of gluten-free dough and finished flour
confectionery products requires solving the problem of forming rheological properties that provide a
texture adequate to traditional products.

Scientists of the State University of Trade and Economics have developed a recipe and
technology for gluten-free cakes with milk protein concentrate (MPC) of buttermilk [10]. The
developed technology involves the use of flour, sugar, butter, milk protein component, melange,
ammonium bicarbonate, sodium bicarbonate, which differs in that a mixture of corn and rice flour is
used as flour, and milk protein concentrate of buttermilk as a structure-forming agent. The products
are characterized by a beautiful appearance, a convex surface without breaks, a dense crumb of light
brown color with a texture that is adequate to the traditional “Cheese” cake [11]. At the same time,
the results of organoleptic evaluation revealed a very sweet taste of the products, which negatively
affects the consumer properties of the finished cakes.

In the technology of gluten-free cakes using chemical leavening agents, up to 35% of sugar is
used [11], which, in addition to shaping the taste of the products, also plays the role of a structure-
forming and foaming stabilizer in the complex colloidal system of the cakes dough, increasing the
viscosity of the system. The stabilizing effect of sugar is due to the dehydrating effect on the protein,
which leads to the formation of a hard film that increases the stability of the foam system of the egg-
sugar mass [12].

Sugar also has a significant effect on the parameters of starch gelatinization of flour.
Considering that starch plays an important role in forming the structure of gluten-free cakes, even
minor changes in the process of its gelatinization will have a significant effect on the quality of the
finished products [13].

Objective of the article. The aim of this work is to study the influence of sugar content on
organoleptic, physicochemical and rheological indicators, in particular on the parameters of starch
gelatinization of a gluten flour mixture, the state of its carbohydrate-amylase complex, which
determine the dough formation processes and the quality of finished gluten-free cakes.
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Presentation of the main research material. The process of making cakes dough with and
without chemical leavening agents consists of the following stages: whipping butter with sugar or
melange with sugar; mixing the whipped mass with other recipe ingredients, except flour; then adding
flour, preparing and forming the dough; baking and finishing. At the same time, the technological
properties of the main raw materials have a significant impact on the quality of the cupcake dough
and finished products.

The technological process of cakes production involves the use of short-term mixing with
flour, therefore, the swelling of flour proteins does not occur to the full extent, in this case, the
formation of the structure of the dough and baked cakes is significantly influenced by the properties
of starch in the flour suspension. Therefore, during the heat treatment of products in the technological
process, it is important to determine the temperature of starch gelatinization and the maximum
viscosity of the water-flour suspension, which will become the basis for determining the recipe and
parameters of heat treatment of gluten-free cakes.

The temperature of the beginning of starch gelatinization, the temperature at which the
maximum viscosity was established, as well as the maximum viscosity index for various model
systems were determined using a Brabender amylograph.

The results of decoding the amylograms obtained during the analysis of the control sample,
samples of the model systems "FR:FC (60:40) - sugar - water" with a decrease in the amount of sugar
by 5%, 10%, 15%, 20% relative to the sugar content in the control are given in Table 1.

Table 1 — The effect of sugar on the starch properties of a mixture of rice and corn flour

Reducing the Indicator values
amount of i © o= - <
sugar in the 5 S = E£.8 c S _ U z
recipe, % 528 o SEE SEE Es
Model ’ oS 8o S O 22 ED E -
EEET ESS3 8 5% 8 % 2
- 223 2283 28
o g e o Dg TS 2
oG = S
Control 1
(FW-water) 8 55 72 620
Control 2
(FW-sugar- 5 60 78 690
water)
Sample 1 5,0 6 72 82 720
Sample 2 10,0 5 72 82 780
Sample 3 15,0 4 71 80 920
Sample 4 20,0 3 68 78 > 1000

Analysis of the amylograms (Table 1) shows that for water-flour control models, the
maximum gelatinization temperature (78°C) and maximum suspension viscosity (more than 690 units
a) are similar to the “wheat flour-sugar-water” sample. This is due to the fact that the high
concentration of sugar in the liquid phase slows down the diffusion rate during the swelling of proteins
and starch in wheat flour, causing the formation of a more viscous system and reducing the
competition between protein and starch for water [14].

As is known, sucrose (sugar) delays the swelling of starch grains in water by preventing free
contact of water with them [15]. Analyzing the results of the studies, we can conclude that sugar
increases the gelatinization temperature of starch. The gelatinization temperature, as can be seen from
Table 1, for sample 1 “mixture of rice and corn flour-sugar-water” is 82°C, and reducing sugar to
20% in sample 4 affects the decrease in the gelatinization temperature to 78°C. The change in the
gelatinization temperature is an important indicator that characterizes the subsequent process of starch
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retrogradation during the storage of finished products, because it is known that the lower the
gelatinization temperature, the longer the products retain their freshness during storage [15].

The dependence of the maximum viscosity of the suspension on the sugar content (Table 1)
allows us to characterize the properties of gluten-free cakes with MPC of buttermilk during baking.
The porous structure of the product is fixed as a result of the coagulation of flour proteins and the
transformation of starch into a thick paste. With a 20% decrease in sugar in the muffin recipe, the
amylogram shows a high maximum viscosity, which indicates the binding of starch during the
gelatinization of a large amount of water. As a result, a low-stretch starch paste and a muffin with an
excessively brittle crumb are formed.

The results of rheological studies of dough samples for gluten-free cakes with MPC of
buttermilk with different sugar contents are shown in Figure 1.
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Figure 1 — Rheological curves of the dependence of effective viscosity (Pa-s) on shear rate (s™)
in dough for gluten-free cakes with MPC of buttermilk with different sugar contents:
control — sugar content 27.6 wt. %;
sample 1 (-5%) — sugar content 26.2 wt.%;
sample 2 (-10%) — sugar content 24.8 wt.%;
sample 3 (-15%) — sugar content 23.4 wt.%;
sample 4 (-20%) — sugar content 22.0 wt.%.

Reducing the amount of sugar by 5% leads to a decrease in the effective viscosity by
27...29%. Further, with a decrease in the sugar content from 15 to 20%, the viscosity of the samples
increases. Thus, with a decrease in the sugar content by 20%, the effective viscosity increases by
32...37% over the entire range of shear rates. The destruction of the dough structure of sample 4
occurs at a shear rate of 9.4 s, while the rest of the samples at 10.2 s.

The presented results of the study of the viscosity of dough samples correlate well with the
results obtained above.

During laboratory baking, it was found (table 2, figure 2) that a decrease in the sugar content
by 10...15% of the recipe amount does not worsen the quality of the baked product.
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A decrease in the sugar content in the recipe by more than 20% leads to a decrease in the
porosity and specific volume of the products. The organoleptic properties of finished cupcakes also
deteriorate [14].

Table 2 - Quality indicators of gluten-free cakes made from MPC of buttermilk
with different sugar contents

. Sample 1 Sample 2 Sample 3 Sample 4
Indicators Control (- 5,0%) (- 10,0%) (- 15.0%) (- 20,0%)
Specific volume, cm?/g 1,36 1,4 1,35 1,3 1,25
Porosity, % 16,67 18,2 15,97 14,8 10,43
The shape is round, typical of the form in which the products are baked,
Appearance without cracks; the surface is convex, with the presence of minor cracks and
tears that do not change the product's appearance.
Crust color Light brown, bottom and lateral surface lighter Brown
View of the Well baked, without tempering and traces of non-promis, Undercoo_ked,
X . . yellow in
break-in light yellow in color.
color
Prqnounced_, Pronounced, balanced, typical of this type of
Pronounced, | typical of this cupcake, without any foreign aftertaste
Taste and smell balanced, typical off  type of peake, ylorelg
this type of cake | cupcake, very
sweet

a) Control b) Sample 1 c) Sample 2

d) Sample 3 f) Sample 4

Figure 2 — Appearance of gluten-free cakes with different sugar contents when broken
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Conclusions. One of the effective ways to influence the processes of protein swelling and
starch gelatinization of flour in order to obtain products with certain physicochemical and
organoleptic quality indicators is to change the recipe amount of sugar. Based on the conducted
studies and recommendations of scientists [13, 15], we predict in further studies a reduction in the
sugar content in the recipe of gluten-free cakes by 10...15%. This will not affect the deterioration of
the quality of finished products [14].

References

1. Kraievska, S., Stetsenko, N. (2018). Formuvannya vitchyznianogo rynku bezhlyutenovykh
kharchovykh produktiv [Formation of the domestic gluten-free food market]. Tovary i rynky
[Commodities and Markets], 4, 36-46. https://doi.org/10.31617/tr.knute.2018(28)03.

2. Trends and opportunities in the growing market for gluten-free foods URL:
http://www.mintel.com.

3. Dorokhovych, V. V., Lazorenko, N. P. (2013). Bezhlyutenovi boroshnyani kondyters'ki
vyroby [Gluten-free flour confectionery products], Obladnannya ta tekhnolohii kharchovykh
vyrobnytstv [Food Equipment and Technology], 30, 341-347.

4. Dudkina, O. O., Gavrysh, A. V., Nemirich, O. V., Ishchenko, T. ., Ternavska, I. M. (2016).
Pokaznyky yakosti ta bezpeky fondaniv spetsial'noho pryznachennya [Quality and safety indicators
of fondans for special purpose], Scientific Messenger LNUVMBT named after S.Z. Gzhytskyj, 18,
2(68), 134-138

5. Shapovalenko, O., Pavliuchenko, O., Furmanova, Y., Sharan, L., Kuzmin, O. (2020).
Improvement of the recipe composition of special purpose gluten-free chocolate muffins. Food
science and technology, 4, 20-27.

6. Lisovska, T. O.; Chorna, N. V. (2020). Tekhnolohiia biskvitnoho napivfabrykatu z
vykorystanniam boroshna kukurudzyanoho ekstrudovanoho [Technology of sponge cake
semifinished product using extruded corn flour], Kharkiv,KhDUHT, 126 p.

7. Camino Mancebo, Patricia Rodriguez, Manuel Gomez. (2016). Protein mixtures to produce
gluten free sugar-snap cookies, LWT-Food Scienc and Technology, 67, 127-132.

8. Jeffrey, L., Atwell, W. (2014). Gluten-free baked products. AACC International, Inc. 88 p.

9. A. Trif, A, Varban, L. Pirvulescu, D.N. Raba. (2018). The technology of making a pastry
product from tender dough. Lucrari stiintifice. 1 (3), 188-194.

10. Yudina, T. 1., Bezruchenko, O. M., Ahapova, O.V. (2020). Gluten-free cakes with cereal
flour. Obladnannya ta tekhnolohii kharchovykh vyrobnytstv [Food Equipment and Technology], 40
(1), 19-25.

11. Pavlov, O. V. (2018). Collection of recipes for flour confectionery and bakery products
[Zbirnyk retseptur boroshnyanykh kondyters'’kykh i zdobnykh bulochnykh vyrobiv]. Kyiv:
ProfKnyha, 236-237.

12. Lisovska, T. O., Shurankova, V. S., Chorna, N. V. (2014). Amilohrafichni doslidzhennya
boroshnyanykh sumishchei [Amilographic studies of flour mixtures]. In: Innovative technologies for
development in the field of food production, hotel and restaurant business, economics, and
entrepreneurship, Proceedings of the All-Ukrainian scientific conference of young scientists and
students (Kharkiv, March 26, 2014, Part 1). Kharkiv: KhDUHT, 22.

13. Dorokhovych, V.V. (2008). Doslidzhennya vplyvu tradytsiynykh ta netradytsiynykh
tsukrozaminnykiv na reolohichni vlastyvosti tistovykh mas dlya zdobnoho pechyva [Study of the
influence of traditional and non-traditional sugar substitutes on the rheological properties of dough
masses for butter cookies]. In: Kharkiv State Academy of Food Technology, Progressive equipment
and technologies of food production, restaurant industry and trade, Collection of scientific works,
46-51.

14. Bezruchenko, O. M. (2023). Tekhnolohiia bezhlyutenovykh keksiv z molochno-bilkovoho
kontsentraty skolotyn [Technology of gluten-free cakes with milk-protein concentrate of buttermilks].
Doctor of Philosophy Thesis. State University of Trade and Economics.

28


https://doi.org/10.31617/tr.knute.2018(28)03
http://www.mintel.com/

Ne 2 (49) 2024

15. Kovbasa, V. M., Dorokhovych, V.A. (2008). Vplyv tsukrozaminnykiv na formuvannya
kleikovynnoho kompleksu [Influence of sugar substitutes on the formation of the gluten complex].
Torhivlya, komertsiya, pidpryyemnytstvo, 9, 141-146.

Cnucoxk Jireparypu

1. Kpaescobka C., Crenenko H. @opMyBaHHS BITYM3HSIHOTO PUHKY O€3TITIOTEHOBUX XapUYOBUX
npoayktiB. Tosapu i punku. 2018. Ne 4. C. 36-46. https://doi.org/10.31617/tr.knute.2018(28)03.

2. Trends and opportunities in the growing market for gluten-free foods URL:
http://www.mintel.com.

3. Jopoxosuu B. B., Jlazopenko H.II. Bbe3rmoTeHOBI OOpOIIHAHI KOHAUTEPCHKI BUPOOH.
Obnaonanns ma mexuonoeii xapuosux eupoornuyms. 2013. Bum. 30. C. 341-347.

4. Qynxina O.0. I'aBpumr A.B., Hemipiu O.B., Imenko O.B., TepnaBceka .M. Iloka3zHuku
SKOCTI Ta Oe3neku (OHAAHIB CIEMiaIbHOTO NpuU3HAYeHHSA. Haykosuii sichux JIbsiscbko2o
HAYiOHanbHO20 YHiGepcumemy éemepunapHoi meduyunu ma diomexnonoziii im. C. 3. Idcuyvkozo.
2016. T.18. Ne2 (68). C.134-138.

5. Shapovalenko O., Pavliuchenko O., Furmanova Y., Sharan L., Kuzmin O. Improvement of
the recipe composition of special purpose gluten-free chocolate muffins. Food science and
technology. 2020. Ne4. P. 20-27.

6. JlicoBceka T. O., Hopna H. B. Texnounorist 6ickBiTHOro HamiBpabpuKkaTy 3 BUKOPUCTAHHSIM
OopoIHa KyKYpYA3sSHOTO eKCTpyaoBaHoro: MoHorpadis. Xapkis: XY XT, 2020. 126 c.

7. Camino Mancebo, Patricia Rodriguez, Manuel Gomez Protein mixtures to produce gluten
free sugar-snap cookies. LWT-Food Scienc and Technology. 2016. Vol. 67. P. 127-132.

8. Jeffrey L., Atwell W. Gluten-free baked products. AACC International, Inc. 2014. 88 p.

9. A.Trif, A Varban, L. Pirvulescu, D.N. Raba The technology of making a pastry product
from tender dough. Lucrari stiintifice. 2018. Seria I, Vol. XX (3). Pp.188-194.

10. Yudina T. 1., Bezruchenko O. M., Ahapova O.V. Gluten-free cakes with cereal flour.
Obnaouanns ma mexnonozii xapyosux supoonuyme. 2020. Bumn. 40 (1). C. 19-25.

11. [TaBnoB O. B. 36ipHuK penentyp OGOpPOLIHSHUX KOHIAUTEPCHKUX 1 300HHUX OyIOUHUX
Bupo6iB. Kuis: [Ipo¢pKuura, 2018. C. 236-237.

12. JlicoBceka T. O., IlypankoBa B. C., Yopna H. B. Awminorpadiuni mociimxeHHs
OopolHsAHUX cyMmielt // Innosayivini mexnonozii po3sumky y cgepi Xapuosux upoOHUYmMS,
20MenbHO-pecmopanHo2o Oi3Hecy, eKOHOMIKU ma nionpuemMHuymaea: Te3u J1o1. Beeykp. HayK. KOH.
MOJI. YUEHHX 1 CTY.., 26 6epe3ns 2014 p. X.: XJIVXT, 2014. 4. 1. C. 22.

13. Jopoxoumu B. B. JlochmikeHHS BIUIMBY TpaaWIiiHUX Ta HETPAJAULIAHUX
IIyKpO3aMiHHMKIB Ha PEOJIOTiuHI BJIACTMBOCTI TICTOBUX Mac Juid 3100HOro meuyuBa. /IpoepecusHi
MexHIKa ma MmexHoL02Ii Xapyuo8ux eUpOOHUYME PeCmOPaHH020 20CN00apcmea i mopeieii: 30. HayK.
np. X.: XAAXT. 2008. C.46-51.

14. bespyuenko O. M. TexHomoris O€3TTIOTEHOBUX KEKCIB 3 MOJOYHO-OUIKOBUM
KOHIIEHTPATOM CKOJIOTHH: JTUC. ... TOKT. pinocodii: cnen. 181 «Xapuosi Texnonorii». Kuis: JITEY,
2023. 251 c.

15. KoBbaca B. M. BmiuB 1ykpo3aMiHHHKIB Ha (pOpMyBaHHS KJIEHKOBUHHOTO KoMIuiekcy / B.
H. Kogbaca, B. B. JTopoxoBuu. Topeiens, komepyis, nionpuemnuymso. 2008. Bum. 9. C. 141-146.

Mema. JlocniodcenHs 6naugy 6micmy yykpy Ha Opeanoienmuyti, Qi3uxo-ximiuni ma
PeoN02iuHi NOKA3ZHUKU, 30KpeMd, Ha napamempu Kieucmepuzayii Kpoxmanto cymiuli a2niomeHo8o2o
OopowiHa, cmaH U020  BY2Ne800HO-AMINA3HO20 KOMNIEKCY, WO 00YMOBII0I0Mb  Npoyecu
mMicmoymeopenHs ma AKiCmb 20Moux 0e32110mMeHO08UX KEKCI8.

Memoou. [{ns 3ab6e3neuenns GUKOHAHHA NOCMABLEHUX 3A80AHb GUKOPUCMAHO CMAHOAPMHI
3A2ANbHONPULIHAMI MA  CReYialbHi Memoou 00CaioxceHb. Biobip npob [ nidcomoeky ix 00
oocnioicenns 30itichiosanu 3a JCTY ISO 6498:2006. Macogy uacmky cyxux peuo8uH 8UHAYAIU
pedpakmomempuyHuM MemoooM, MACO8Y HACMK)Y B)2n1e600i8 — YEHMPUDYICHUM MemoOoM
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bepmpana-b'eppi; memnepamypy xneucmepusayii Kpoxmanto, HOKA3HUK MAKCUMANbHOI 8's13Kocmi
0151 PI3HUX MOOEIbHUX CUCTeM — 3 00NoMo20t0 aminozcpagha Brabender.

Pezynomamu. Po3pobneno peyenmypy ma mexHonozito 0e32110meH08UX KeKCig 3 MOJIOYHO-
OIIKOBUM KOHYEHMPAmom CKOJIOMuH. Y po3pooaeHitl mexnono2ii 6 AKocmi 60pouiHa 6UKOPUCMAaHo
CcyMiuL KyKypy03saH020 ma pucosozo 60poulHa, CmpyKmypoymeoponio20 KOMNOHEHMAa — MOIOYHO-
OIIKOBUL KOHYEHMPAam CKOLOMUH. BUsHaueno eniue oKpemux peyenmypHux KOMNOHeHmis, 30Kpema,
YYKPY, HA I3UKO-XIMIUHI, peono2iuHi ma OpeanoIenmudti NOKA3ZHUKU MOOETbHUX XAPUOBUX CUCEM
bezentomenosux kexcie 3 MBK ckonomun. [locniodiceno enius yykpy Ha napamempu Kieumepuzayii
Kpoxmanto O0OpouiHa, cmau o020 8y2/le600H0-aMINIAZHO20 KOMNIEKCY, NPoyecu micmoymeopeHHsl y
MexHOoN02Ii Oe3210meH08UX KeKcie ma AKicmb 20moeux eupobis. Jlogedeno, wjo y nooanbuiux
00CNIOJCEHHAX € OOYINbHUM 3MeHueH s emicmy yykpy Ha 10...15%, y peyenmypi 6e3enomenosux
KeKCi8, K 00UH 3 eheKMUBHUX cnocodie niusy Ha npoyecu HabpsAKAHH: OLIKI6 ma Kieticmepuzayiio
KpOXManto CyMiuli aziromeHo8020 OOpOWHA 3 Memow OMpPUMAHHA 8Upo0ié 3 NesHUMU @i3uKo-
XIMIYHUMU MA OP2AHONENMUYHUMU NOKASHUKAMU AKOCMI

Knrouoei cnosa: enromen, yeniaxis, aznomenoge OOpOUIHO, MOIOYHO-OILIKOBUL KOHYeHmpam,
be3entomeHo8i Kekcu, YyKop, KPOXmMaib, 8Y2le800HO-AMINA3HUL KOMNLEKC, NOKAZHUKU AKOCHII.
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