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Tabmumna 2 — @pakIHOHHLIN COCTAB MIOMAHOI MacChl
¢ HCIIO0/Ib30BAHIEM CHHOMOTHIECKOI0 KOMILIEKcA

Cogepxanne Gppakiif KPECTATIOB pa3INIHBIX pa3MepoB, %
Pazmepnt
5 % JIaKTyJIO3H 1 7,5 % NaKTyJIO3HL U 10 % JakTyJI03El 1
KPHCTaIIIOB,
MIM KonTpoius IpoOHOTHIECKUE IpOOHOTHIECKHE IpoOHOTHIECKUE
MHKPOOPTaHU3MBI MHKPOOPTaHU3MEL MHKPOOPTaHU3MBI
0-5 31,5 42 45,5 54
5-10 22,5 30 34 38
10— 15 14 16 17 6
15-20 8 9 3 2
20— 25 7 2 0,5
25-30 6,5 1 —
3035 5 — —
35-40 3,5 — —
40 — 45 2 — —

VBenudaenune JUCIICPCHOCTU TIOMAJIHBIX Macc ¢ Z[O6aBJ'IeHI/IeM CUHOHOTHIECKOU Z[O6aBKI/I 110 OTHOIIICHHUIO K
KOHTPOJBLHOMY O6p331_[y MOXXHO OOBSCHHUTH TEM, YTO B OIILITHEIC 06pa3u1>I BBOJAUTCS JIaKTYJIO3a, KOTOpasd ABJI-
CTCA PCAYIUPYIONNM CaxXapOM, B PE3yJbTaTe 4ero IMpoucxXoJUT 3aMCJJICHUC KPUCTAJUIU3allu caxXapo3shl. Jlak-
TyJIO03a CHUKACT CKOPOCThL obMmeHa MOJICKYJI caxapO3bl Ha I'paHulle 3apOJLIIl — pacTBOP HYTCM IIOBLITICHUA
OHEPIUun aKTUBAIIUN MOJICKYJI.

Taxum 06pa30M, B pesylibTare IIpOBCACHHBIX HCCIICIOBAaHUN MOXKHO CJICTIaTh BBIBO/[, UTO HCIIOJIL30BAHHUC B
COCTaBC IIOMAJAHBIX KOHCI)GT CHHOMOTHIECKOM Z[O6aBKI/I IIPUBOJUT K YIVUIICHUIO BA3ZKOCTHLIX CBOMCTB ITOMaHOM
MAaccChl, YBCIIMIUBACT JUCIICPCHOCTD, YTO, B CBOIO OUCPC/L, YIIYUIIACT KAICCTBO I'OTOBLIX W3JCHUR 1 CHOCO6CTBY€T
pacIupeHuIo accopTuMeHTa KOH(i)eT. Taxoke OUCBHJHO, UYTO O6OFaH_[eHI/Ie q)yHKHI/IOHaJ'H)HI)IX IIMMIEBLIX HPOAYKTOB
HpO6I/IOTI/IKaMI/I, Hpe6I/IOTI/IKaMI/I H UX CHHOMOTHYICCKHMH KOMILTCKCAaMHI IIpeAcTaBIsIeT coloit Hay1HO 000CHOBaH-
HOC U IICPCIICKTUBHOC HAIIPABICHUC B UHAYCTPUN q)yHKHI/IOHaJ'H)HI)IX KOHJTUTCPCKUX W3ICTHIA.
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COMPARATIVE RHEOLOGICAL CHARACTERISTICS OF WAFER
FILLINGS WITH SUGAR AND FRUCTOSE
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Viscosity is the main index characterizing the properties of fillings in wafers formation. The viscosity of fill-
ings is defined to a great extent by the recipe composition, as well. In order to determine the effect of fructose
upon this index, a comparative characteristics between the rheological properties of wafer fillings obtained by
using crystal fructose and sugar, respectively, has been made. It has been established that fructose filling has a
strongly expressed tixotropic properties, and at temperatures of 50°C its viscosity increases.
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INTRODUCTION

Diets have been and remain the primary method for treating diseases such as obesity, diabetes and others.
Sugar-free diet is required, especially for people suffering from different types of diabetes (Type I and Type II).
Its disruption leads to exacerbation of this disease. Since diabetes is defined as a disease of the century, it is im-
portant to insure prevention with creation of sweet taste foods without sucrose.

Currently, for the production of diet food are used sweeteners with different origin and chemical composi-
tion. It is considerate that between all alternative sweeteners fructose is one of the most perspectives sugar-
alternatives. It has insulin independent metabolism and it is recommended for consumption for diabetes suffering
people in amount of 0,5-1,0 g per kg of body weigh.

One of the main representatives of confectionary are dough waffles. Still today, in Bulgaria their production
takes significant stake in the nomenclature of confectionery. The variety of assortment structure of these prod-
ucts is defined mainly by the use of different types of praline and oil fillings. Whatever is the type of filling, the
basic raw material for its preparation is sucrose. (Sugar is still the most popular staple with sweet taste). Besides
the sweet taste, principle reason for its application in production of sweet taste foods, are its specific technologi-
cal properties. For example for preparation of praline felling in traditional waffles sucrose is the main-structure
component.

Over the last 20-25 years in the manufacture of confectionery, including curtains types of wafer fillings
crystalline fructose has been applied. Characteristics and composition of crystalline fructose intended for con-
sumption are regulated by statutory food low [4].

Relative sweetness of fructose is 1,3-1,7 times higher than that of sucrose. Therefore, some experts recom-
mend it for application in sweet taste food production in order to reduce the sucrose content [1]. Energy value of
fructose (4 kcal/g) is equivalent of that of sugar, but its metabolism is insulin independent and can be used in
production of sweets for diabetes suffering people. Crystalline fructose is very hygroscopic. In practice this qual-
ity may cause some technological problems [6], like agglomeration of crystals in production of chocolate mass
with fructose.

Main indicators characterizing properties of wafer fillings in forming technological operation is viscosity. It
depends on various factors (temperature, humidity, etc.). To certain extent viscosity of wafer fillings is defined
by the recipe composition [2].

In this context aim of this study is to determine the influence of crystalline fructose on rheological proper-
ties, respectively on viscosity on wafer fillings.

MATERIALS AND METHODS

To determine the effect of fructose on rheological properties of wafer fillings, are used wafer filling pre-
pared in manufacturing conditions. Comparative characterization is carried out between rheological properties of
wafer fillings prepared with fructose and sucrose. Rheological behavior of molten wafer fillings was analyzed by
«Rheotest 2» (Germany).

RESULTS AND DISCUSSION
On fig.1 are represented rheograms of wafer fillings at 40 °C.

4 — with fructose, in direction of increasing D; A — with fructose in direction of D;
m — with sucrose in direction of increasing D; O — with sucrose in direction of reducing D

Fig.1 — Reograms of wafer fillings with fructose and sucrose
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Analyses were performed by determining the tangential stress (7 ) in the direction of increasing values of
the velocity gradient (D) in the range of 0,17 to 72,9 s-1 and in direction of reduction of D. Graphical correlation
shows that the product with fructose demonstrates rheological behavior of non ideal plastic body which is also
characteristic for wafer filling prepared with sucrose. Furthermore, curves of outflow for the sample prepared
with fructose show significant hysteresis which indicates the presence of thixotropy.

Values of coefficients of thixotropy are calculated by the method proposed by Machihin and Birfeld [3] and
are shown in table 1.

Table 1 — Coefficients values of thixotropy of waffle fillings with different velocity gradients

. . P Cocefficient of thixotropy according with type of filling
Velocity gradient D (57) With fructose With sucrose
1,5 1,49 1,07
4,5 1,53 1,06
13,5 1,33 1,07
24,3 1,30 1,07
40,5 1,11 1,05

Results in table 1 show that the wafer filling prepared with fructose demonstrates higher values of the coef-
ficient of thixotropy, compared with wafer filling prepared with sucrose which is perhaps due to structure form-

ing processes.
On figure 2 are presented correlations between viscosity values of wafer fillings and their velocity gradient.

—a— with fructose

Fa.s

100 4 —s—with sugar

COsiIy -

Vis

Fig 2 — Viscosity of wafer fillings with fructose and sucrose depending the velocity gradient at 40 °C

The data in Fig. 2 shows that at low values and in small changes in interval velocity gradient, the viscosity
of fillings for wafers significantly reduced, while at higher values of D this change is negligible. This correlation
is more demonstrative in wafer filling with fructose. For example, when amending the velocity gradient in the
range of 1,5 to 8,1 s-1 the viscosity of the filling with fructose decreased by 81.5 %, and for this with sugar, the
reduction was 65.2 %. When amending D in high values of 40,5 to 72,9 s-1, the decrease in viscosity of the fill-
ing with fructose is 28.5 % and with sugar is 13.6 %. This example shows that with increasing values of the ve-
locity gradient, the degree of destruction of the filling with fructose is higher.

Correlation between viscosity at 40°C and velocity gradient is determinated by following equation [5]:

n=BD™" (1)
where: 77 — viscosity,Pa.s;
B — viscosity, when D = 1 s, Pa.s;
D — velocity gradient, s ;
m — pace of destruction of structure
Calculated values of coefficients for different types of wafer filling (in the range of velocity gradient D from
0,9 to 72,9 s ") are presented in table 2.
Relatively high values of correlation coefficient (Table 2) show that the viscosity of the fillings is sufficiently
subject to the mathematical model / 1 /. It has been determined also the relationship between viscosity and tem-
perature for analyzed wafer fillings (Fig. 3). Samples were annealed at appropriate temperature for 20 min.
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Table 2 — Values of coefficients in equation 1 and values of coefficient of correlation (r)

Coefficient
Type of wafer filling 3 - LA p
With fructose 21,230 0,8706 0,9947
With sucrose 37,964 0,4910 0,9808
20
@ 11 & With fructose
DFE' 15 4 4 m with sugar
g
a 10~
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Figure 3 — Correlation between viscosity and temperature of wafer fillings with fructose and sucrose
in(D=24,3s")

Graphically strong correlation indicates that with increasing temperature ( in range 35 to 60 °C) viscosity of
the filling for waffles with sugar decreases while that of fructose at temperatures above 50 °C began to increase.

It is likely that in the process of equilibration of the sample occur changes in its structure, due primarily to
crystalline fructose.

CONCLUSIONS

From the survey results following conclusions can be made:

1. It has been shown that the filling for wafers with fructose has considerably more pronounced thixotropic
properties compared with those of sugar filling.

2. It was found that with increasing temperature ( in range 35 to 60 °C) viscosity of the filling for waffles
with sugar decreases while that of fructose at temperatures above 50 °C began to increase.

3. It is recommended that during the various processes in the production of fillings for wafers with crystal-
line fructose to be used at temperatures higher than 50°.
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