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TECHNOLOGY OF CURD CAKE WITH SUCLAROSE AS HIGHLY
EFFECTIVE SWEETENER

O. Aksonova, S. Gubsky, D. Torianik, N. Murlykina

The article presents the results of developing technology for the production
of curd cake using a low-calorie sweetener sucralose. An analysis of literary
sources has shown the relevance of developing food technologies with lower
calories and glycemic index as a preventive measure in the fight against an increase
in diabetes. The implementation of this direction in the form of a partial replacement
in the sugar formulation for effective sweetenrs sucralose is proposed.

The obtained integral quality estimates of sugars and sucralose at the levels
of 0.82 and 0.60, respectively, using qualimetric analysis on five characteristics
allowed us to conclude in favor of the predominant use of sucralose. The
optimization of the technology for the production of curd cake using sugar substitute
sucralose was carried out. As a prototype, a sugar-based recipe was used, in which
a partial replacement (at the level of 30, 50 and 70%) of sugar with sucrose was
carried out. The latter was used as a commercial sweetener TM Splenda. All
samples, including the control on sugar, were subjected to organoleptic evaluation,
which showed the absence of extraneous flavors in all samples and their similarity
in terms of sweetness. However, unsatisfactory indicators were found for the sample
with a replacement of 70%, we are talking about the color and characteristics of the
crumb. This made it possible to opt for technology with sugar substitution in the
range of 30-50%. All investigated samples of curd cake in terms of organoleptic and
physico-chemical parameters met the requirements of regulatory documentation.
Based on the results obtained, a technological scheme for the production of curd
cake with sucralose was developed.

Calculation of the energy value of the obtained product in comparison with the
control sample on sucrose showed a decrease in the calorie content of the product by 10%.

The results are important for the development of technology foods for people
with diabetics.
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BUKOPUCTAHHSA BUCOKOE®EKTUBHOI'O ITIIJICOJIO’KYBAYA
CYKPAJIO3U Y BUPOBHUIITBI KEKCY CUPHOI'O

0.®. AxcboHoBa, C.M. I'yocskuii, /1.0. Topssnuk, H.B. MypJukina

Hasedeno pesynomamu  pospooku mexHono2ii 6upoOHUYmMea Kekcy
CUPHO20 3 GUKOPUCIAHHAM HUSLKOKAIOPIUHO20 NIOCON004CY68a4a cykpanosu. Ak
npomomun OyJ10 BUKOPUCTAHO MEXHONOZII0 KEKCY CUPHO20. Y Q0CTIONUX 3pasKax

© AxcboHoBa O.®D., I'yocpkuit C.M., Topsauk J1.0., Mypnukina H.B., 2020
7



300ticherno yacmxosy saminy (30, 50 i 70%) yykpy cykpanosorw. Ak Odcepeno
CYKpanosu UKOPUCMAHO KoMepyitiHuil nioconoodicyeay TM Splenda.

Opeanonenmuyne OYIHIOBAHHSL  BUPOOIEHUX 3DA3KIE 003600
3pobumu 6ubip HA KOPUCMb MEXHONO2I 3 3AMIHON YYKDY 6 iHmepeaii
30-50%. Yci 0ocniooiceni 3pasku Kekcy CUpHO20 3a OP2aHONeNMUYHUMU Md
QDi3UKO-XIMIUHUMYU — NOKASHUKAMU  GIONO0GIOANU  8UMO2AM HOPMAMUEHOL
Odoxymenmayii.  Pospaxynox  enepeemuunoi  yinnocmi  po3pobOieHozo
NpoOOYyKmMy MNOPIGHAHO 3 KOHMPOIbHUM 3PA3KOM HA CAXApo3i NoKaA3ae
3menuents ybo2o nokasnuka na 10%.

Knrouosi cnoea: cyxpanosa, kexc cupuuil, caxaposa, oOiabem,
2nikeMiyHull inoexc.

HUCIIOJb30BAHUE BBICOKO®®EKTUBHOI'O
IMHOJACJIACTUTEJIA CYKPAJIO3BI B ITPOU3BOACTBE
KEKCA TBOPOXHOI'O

E.®. AkcenoBa, C.M. I'yockuii, /I.A. Topsuuk, H.B. Mypabsikuna

Ilpusedenvl  pe3ynbmamvl  paspabomKu  MexHONOUU NPOU3600CHEA  KeKca
MBOPOIHCHORO0 C UCNONL306aHUEM HUSKOKATOPULIHO2O0 NOOCIACIUMENs CYKpanosvl. B
Kauecmee npomomuna UCHOIb306aHA MEXHONO2USL KEKCA MBOPOHCHOL0, 8 KOMOPOUL Oblia
ocywecmenena wacmuynas 3amena (30, 50 u 70%) caxapa cykpanosoi. B xauecmse
UCMOYHUKA CYKPANO3bl UCRONb306aH KoMMepueckuii nooctacmumens TM Splenda.

Opzanonenmuyeckoe OyeHUBaHue NPOU3BEOEHHbIX 00PA3YO8 NO360UNO
coenamn 8b160p 8 NONL3Y MEXHONOUU C 3aMeHoll caxapa 6 unmepsane 30-50%. Bce
uccnedogantvle 00pasybl KEKCA MEOPOHCHO20 NO OP2AHONENMUUECKUM U PUIUKO-
XUMUYECKUM — NOKA3amMensimMm COOMBEMCMeo8any mpebosanusim HOPMAMUBHOU
Odoxkymenmayuu. Pacuem snepeemuueckou yenHocmu paspabomanno2o npooyKma
N0 CPABHEHUI0 C KOHMPONbHBIM 00pA3YOM HA Caxapose NOKA3al YMeHblleHue
Kanoputinocmu npooykma na 10%.

Knioueevte cnosa: cykpanoza, Kekc mMEOPOJICHbI, caxaposa, ouabem,
2NUKEMUYECK ULl UHOEKC.

Statement of the problem. The growing incidence of diabetes and
the emergence of a high percentage of overweight people are prompting the
industry to develop recipes for low-sugar flour confectionery or to replace it
completely with highly effective sweeteners. The WHO guidelines [1]
provide recommendations to reduce the consumption of free sugars by
different age groups to less than 10% of the total caloric content of food,
and ensuring a level of less than 5% will significantly improve health.

According to the International Diabetes Federation [2] , today 9.3% of
the adult population in the world aged 20-79, which is about 463 million
people, have diabetes. In addition, about 1.1 million children and adolescents
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under the age of 20 live with first type diabetes. According to experts of this
organization, the number of diabetics among the population will reach 578
million in 2030, and in 2045 will be more than 700 million (fig. 1).
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Fig. 1. Dynamics of number of people with diabetes worldwide
and projections for 2030 and 2045 years [2]

One of the areas of prevention and prevention of further
development of the situation is the development of the food industry sector,
associated with the development of technologies for the production of low-
calorie and glycemic index foods. It is known that the latter is an indicator
of how quickly a certain amount of food will cause an increase in blood
sugar. According to the Rating System for Glycemic Index (GI) have a
scale: below 55 — low Gl, 56 to 69 — medium GI. above 70 — high Gl [3].

The implementation of this direction is associated with the use of
sweetenrs in food recipes with partial replacement of sugars [4-7].
According to a review [7], this practice of using sweetenrs provides
significant benefits in the daily life of the population, namely:

—choice of food and beverages in the control of calorie, carbohydrate
and/or sugar consumption;

—help maintain or lose weight;

—help in the treatment of diabetes;

—help in the fight against dental caries;

—increasing the ease of use of pharmaceuticals and cosmetics;

—providing sweetness during sugar deficiency;

— promotes the economic use of limited resources.

The reason for such use in the first three cases is the fact that
sweetenrs have both functional and dietary properties for widespread use in



the production of food for diabetics. The first is prebiotic action, the second
is due to low glycemic index and low caloric content [8].

Thus, the further development of the direction of the development of food
technologies for creating products for the prevention of high blood sugar and for
human consumption, already suffering from type 2 diabetes, is an actual task.

Review of the latest researche and publications. In the review [7]
the necessary properties for an ideal sweetener are given. Among the latter
were named the following:

—water solubility and stability in environments of different acidity in
a wide range of temperatures;

—stability over time, which provides a significant shelf life of the
final product;

—ensuring the taste of the final food product, which is similar to the
traditional one;

—be compatible with a wide range of food ingredients, as sweetness
is only one component of a complex taste system.

Such requirements are met by sucralose, a sweetener widely used in
the food industry in the United States, Canada and Europe.

According data of table 1, sucralose has sufficient solubility in water,
low caloric content and zero glycemic index. The melting point allows
sucralose to be stable during heat treatment in a wide pH range [9-11]. This
sweetener is almost 600 times sweeter than sucrose. But this figure varies
depending on the level of sucralose concentration and exposure to other
ingredients [12].

Table 1
Physico-chemical properties sucralose

Property Unit Symbol Value Referance
Sweetness sugar unit P 600 [12]
Glycemic index % P, 0 [3]
Energy kJ/g P3 0 [11]
Melting point °C Py 130 [13]
Solubility at 20 °C % Ps 28.20 [12]

From a chemical point of view sucralose (IUPAC name: 1,6-
Dichloro-1,6-dideoxy-p-D-fructofuranosyl-4-chloro-4-deoxy-a-D-
galactopyranoside, CAS Reg. No. 56038-13-2) is a derivative of chlorinated
sucrose, and is an artificially created compound. Sucralose is structurally
identical to sucrose except that 3 of the alcohol groups OH are replaced by
chlorine molecules (fig. 2).
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Fig. 2. Structure of sucralose

Sucralose is approved for use in food as a non-nutritive sweetener
[14]. Sucralose is sold under the brand name Splenda®, which includes
other related components and is available in the form of granular tablets and
powder.

Sucralose is widely used in North America and Europe, but is a new
product for the Ukrainian sweetener market. For example, the Food and
Drud Administration (US Food and Pharmaceutical Regulatory Authority)
has approved sucralose for use in 15 food categories, as well as a sweetener
for general-purpose foods in a range of low-energy foods and beverages
under certain conditions of use [15;16].

In the European legislation of the EU countries, according to the
regulation «On food additives» [17], sucralose under the code E955 belongs
to the functional class «sweeteners», namely to substances used to give a
sweet taste to food or table sweeteners. The same regulation limits the
maximum content of sucralose in buttery bakery products at the level of
700 mg/kg of product, and for dietary food products the maximum dose is
320 mg/kg. The analysis of literature sources showed that in Ukraine there
are no publications that would cover the technology of flour confectionery
with sucralose. Therefore, in the absence of domestic experience, further
research to develop the technology was based on European standards
regarding the daily dose of sucrolose for dietary products.

Another, no less important, is the question of the equivalence of
sucrose and sucrose in the formulation. The authors of the study [17; 18]
used a just-about-right (JAR) scale. Ideal sucrose concentration to be added
to probiotic Petit Suisse curd, obtained with the use this scale.

During the substantiation of the prescription composition, the
previously proposed technologies were taken into account, which included
the replacement of sugar with sucrolose [18—20]. In the study [18] in the
recipe of biscuits was replaced by 30% sugar to a combination of sucralose
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(0.05%) and maltodextrin (30%). The obtained cookie samples had
qualitative characteristics that were identical to the performance of sugar
cookies. The replacement of 30% sugar with sucralose, as the most suitable
option in flour confectionery, noted in the study [19]. At the same time,
cupcakes made on pure sugar substitute, consisting of sucralose, maltitol
and polydextrose, had unsatisfactory organoleptic and structural-mechanical
properties [20].

The objective of the research is to develop advanced technology of
curd cake based on sweeteners of sucralose (with partial replacement of
sugar) with dietary-functional properties.

Presentation of the main research material.

Materials. The indredients used in this study obtained from local
stores in city Kharkiv, Ukraine. Sucralose as SPLENDA TM was purchased
from Tate&Lyle PLC, UK and used was food grade.

Sampling. As a prototype, a curdcake was chosen according to [21].
The maximum levels of sucralose in buttery bakery products, as well as in
dietary foods were mentioned above. However, in the production of
curdcake was used sucralose in the form of sweetening TM Splenda. The
manufacturer of this brand states that the product contains not only
sucralose but also maltodextrins. But the full chemical composition in
percentage on the package is not indicated. This situation dictates the need
to select the dose of this sweetener instead of complying with the
legislation. Based on the literature, in further studies, the prescription
amount of sweetener based on sucralose (TM Splenda) was decided based
on the replacement of 70%, 50% and 30% of sugar for sucralose. In the
recipe, a partial replacement of sugar (70%, 50% and 30%) with sucralose
(TM SPLENDA) was carried out, thus in the composition of cupcakes for
the tradition of sweetness instead of sugar, a highly effective sweetener
based on sucralose was introduced (0.1; 0.05 and 0.03 g of sucralose,
respectively).

Patients with diabetes mellitus by 15-20% should cover the daily
requirement by eating protein, and at least 50% should be animal protein
[17]. Based on this, the main component was chosen sour milk curd, which
contains 14—17.5% protein.

Based on the above, the following prescription compositions of four
study samples were formed (table 2).

The curdcakes were baked in silicone molds, the weight of each cake
before baking was 100 g. The cupcakes were baked at a temperature of
170 °C for 30 minutes.
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Calculations of glycemicity indicator. The indicator of glycemicity
was calculated according to the method [22]. Complex quality index was
calculated using the following equation (1).

Py Py :
lP—P+Ml— @)

Ka=M —Pl +M —Pl +M —Pl +M
{ 1 —+ 1 = 1 { R
o 1 PP 1 PP - Pb plb

1 1 1

where My, M,, M3, My, Ms — the importance of the coefficients of weighting
of the indicator; P,°, P,°,P;°, P,°, Ps”— the value of the relevant indicators
in the base sample are equal 10 in our case; Pi, P, Ps, P Ps the
corresponding values of profilograms.

Table 2
Formulations of samples
Samples
S1 S2 S3 S4
Ingredients, g | (control (sugar (sugar (sugar
with only | replacement | replacement | replacement
sugar) 30%) 50%) 70%)
wheat flour 288.6 288.6 288.6 288.6
butter 154.6 154.6 154.6 154.6
sugar white 329.8 229.3 164.9 98.94
cottage curd
(fat 9%) 258.4 309.0 340.8 372.3
melange 165.9 212.9 243.4 269.9
baking powder 10 10 10 10
sucralose - 3 5 10
Total, g 1207.3 1207.3 1207.3 1207
Yield, g 1000 1000 1000 1000

Qualimetric analysis of the quality of sucrose and sucralose.
According to the methodology [22], a comparison of the quality of sucrose
and sucralose by a complex indicator was performed taking into account the
basic physico-chemical properties for sucralose (table 1) and sucrose [8]. In
the calculations, the indicators were transformed into ten-point scale,
followed by the construction of a profilograms (fig. 3). Analysis of
profilograms shows that the largest area of the figures has sucralose.
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In accordance with the basic principles of qualimetry, the impact of
individual indicators on quality is determined taking into account weight
factors. The latter were determined by the method of quantifying the opinion of
experts (method Delphi) [23]. The experts were teachers, graduate students and
masters of Kharkiv State University of Food Technology and Trade (Ukraine)
in the amount of 10 people. The average value of weights was taken into
account when calculating the complex quality indicator: (M;) for sweetness
equal 0.25, (M,) for glycemic index — 0.15, (M3) for energy — 0.25, (M,) for
melting point — 0.15, (Ms) for solubility — 0.20.

Sucralose 10 Sucrose

P2

Pa P3

Fig. 3. The profile graphics of indicators of quality

According to formula (1) on the basis of physicochemical data (table 1)
and profilogram data, calculations were performed complex indicator of quality
K, (table 3). A value of 0.82 was obtained for sucralose and 0.60 for sucrose.
According to the evaluation data of the scale for K_0, for which the score was
excellent at value in range 0.9 — 1.0, the score was good in range 0.75 — 0.89,
the score was satisfactory at 0.60 — 0.74 and unsatisfactory less than 0.59. From
table 3 it was seen sucralose have the highest an assessment than sucrose.

Table 3
The value of the complex indicator of quality

Name of sample Complex |n_d|cator An assessment
of quality

sucrose 0.60 satisfactory

sucralose 0.82 good

Technology of production of curd cake based on sweeteners.
According to the conducted researches the basic technological scheme of
production of a curdcake with sucralose is developed that provides the
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following stages (fig. 4): preparation of raw materials for production;
preparation of a mixture of butter, sugar, melange and homogenized cottage
curd; sifting flour; preparation of a mixture of flour, baking powder,
sucralose and its thorough mixing; mixing and stirring the oil mixture and
the mixture of dry substances; decomposition into molds and baking at
temperatures of 170 °C for 30 minutes. The appearance of the obtained
product is presented in fig. 5.

Butter Sugar | (Melange, ~ Cottage | Sucralose Baking Wheat

white curd powder flour
v - v . v i
Whippin {Homogenization Screening|
t=60-g%~1%"s T2 30105, o
£ihot | 11000 rpm
¥ Y
Whipping L Mixing |+

|t 29,0-12,0-10’ s~

./Kneading dough|
* =20,0-300s [

- A4
Formation

LI
Baking
t=1810"s
t=70°C
m=01kg
A4
Cooling
T
Cheese cake

Fig. 4. Technological scheme of manufacture of curd cake with dietetic
and functional properties

Research of indicators of quality and safetyof curd cake with sucralose.
After baking, the organoleptic and physicochemical parameters of the cakes
were evaluated. In table 4 shows the organoleptic characteristics of curdcakes
with different content of sucralose in the formulation.

Organoleptic evaluations of experimental samples made it possible
to note the following indicators:

—sample S4 has a lighter color; it rose worse than other samples; the
crumb is more than KOM and dark in comparison with other samples;
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—like S3 had a higher density and lack of a pleasant caramel crust;

—all investigated samples were the same in sweetness;

—foreign tastes in one of the samples was not detected.

As a result of the tasting, samples S2 and S3 were recognized as the
most suitable.

Thus, it was noted that the replacement of sugar in the product by
more than 50% — is unsuitable for this type of flour confectionery.

Fig. 5. Appearance of the curd cake sample with the replacement of 50% sugar
with a sweetener

Table 4
Organoleptic properties of curd cakes
Sample
Property name
S1 S2 S3 S4
= Correct, corresponding to the form established in the
orm . .
recipe without fractures
Surface Not burned. The surface of the cupcakes with the presence
of cracks and tears, which do not change the product
Color Dark brown Brown Light brown
Appearance
(section) of the A well-baked curd cake
curd cake
Intrinsic to this variety of cake without the foreign
Taste and smell taste and smell
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In the table 5 the physico-chemical properties of investigated
samples S2—-S4 are compared with the control S1. The obtained results are
within the normative indicators according to the state standard [24].

Thus, all the studied samples of curdcake in organoleptic and
physicochemical parameters meet the requirements of regulatory
documentation.

Table 5
Phisico-chemical properties of samples of curd cake
Normative Sample
Property name indicator s1 $2 $2 s4
[24]
Mass fraction of total
sugar (sucrose) in terms of
dry matter, % 16.0-60.8 | 40.95 | 28.60 | 20.68 | 12.70
Mass fraction of fat in
terms of dry matter, % 2.2-34.2 | 19.01 | 19.67 | 20.24 | 20.98
Moisture content, % 10.0-31.0 | 19.48 | 19.90 | 20.71 | 22.14
Alkalinity in terms of
solids (cake with chemical
baking powder),
degrees, not more than 2.0 0.70 | 049 | 032 | 0.25

Indicator of energy value. The resulting product contains more
protein, has fewer carbohydrates and fewer calories. The latter is evidenced
by the data of table 6, which shows the calculations of the energy value of
the obtained curdcakes.

Table 6
Indicator of energy value of samples of curd cake
Amount, Sample
/100 g of product
g/ g of prodte S 52 $3

Proteins 9.4 10.8 11.7
Fats 17.4 18.3 18.9
Carbohydrates 54.2 44.4 38.0
Energy value / caloric content,
kkal/100 g product 410.2 385.7 369.3
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It should be noted that the amount of protein and fat increases
slightly due to the introduction of more cottage curd and melange, but this
can not be considered a disadvantage of the proposed technology.

Conclusions. The conducted researches allow to formulate the
following conclusions:

1) the technology of production of curd cake for dietary-functional
purpose was developed on the basis sucralose with particle preplacement of
sugar in the formulation;

2) the studied organoleptic parameters of this product showed the
inexpediency of replacing more than 50% in the prescription composition of
white crystalline sugar with sucralose. It is noted that the content of
sucralose in the curd cake does not exceed the requirements of regulations;

3) the calculation of the energy value of the obtained curd cake
indicates a 10% reduction in caloric content of the product compared to the
control sample of sugar.
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