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MODIFI’CATION PROPERTIES OF CON FECTIOI:lARY
FLOUR PRODUCTS WITH SYNBIOTIC

Abstract

One of the main directions in the confectionery industry is creating new functional-purpose products. Besides
meeting the dietary demand, they are supposed to be wholesome and health-giving. That is why so topical a task is en-
riching the composition of confections with synbiotics. They will have a positive effect on the manufacturing technology
and impart physiological properties to final products.

The paper studies how the synbiotic complex consisting of a synbiotic (microencapsulated bifidobacteria in a
pectin matrix) supplemented with a prebiotic (inulin) determines changes in the structural and mechanical properties of
flour confections, in particular, of fatty fillings for wafer biscuits. The mass fraction of inulin has been established after
introducing 10, 20, and 30% of it into the filling to replace the equivalent amounts of fat. The quantity of bifidobacteria
included in the recipe was determined considering the fact that in functional-purpose products, the physiologically ac-
tive level of microorganisms should amount to 10°~10" CFU/g of the intestinal contents.

1t has been studied how the synbiotic effects on the structural and mechanical properties of the fatty filling: its
effective viscosity, adhesive strength, critical shear stress, and density. It has been found that introducing the synbiotic
into the fatty filling and increasing the proportion of inulin adds to the effective viscosity in the test samples of the fill-
ing. Besides, the synbiotic makes the samples of filling stronger, which reduces the maturation time of wafer blocks.
Thus, in the control sample, the blocks rest for 14 min, but in the test samples containing 10, 20, and 30% of inulin, this
time is reduced to 12, 8, and 6 min respectively. With an increase in the mass fraction of inulin, the specific pull-off
force has been established to decrease, as compared with the control sample.

Experimentally, it has been revealed that there is dependence between the wafer filling density and the air
phase characteristics (the size and number of air bubbles in the filling). It has been determined that the higher the den-
sity of the filling, the fewer air bubbles there are in the samples. The experimental findings prove that using the syn-
biotic in the wafer technology is practical.

Key words: flour confections, microencapsulated bifidobacteria, inulin, synbiotic complex, fatty filling, struc-
tural and mechanical properties, wafers.

Introduction wafer products due to their inexpensiveness and good
A lot of diseases in today’s Ukraine are caused by consumer properties. The filling is highly responsible for
imbalance of microflora inside the body, which results in the formation of the flavour and aroma of wafer products,
various forms of dysbiosis. Besides overgrowth of intes- since its proportion in them can amount up to 70%. So, it
tinal pathogens, a general decrease in the body’s immu- largely determines their quality, production cost, and
nity is observed. These disorders can be prevented and shelf life.
treated not only by using drugs, but also by supplement-
ing the diet with foods containing probiotics, prebiotics, Review of literature
and synbiotics. In recent years, the latter have been used Throughout the world, researchers look for func-
as functional food ingredients, since they have a syner- tional ingredients that could be added to the composition
gistic effect on a person’s living functions and overall of foods (in particular, to confections) in order to impart
metabolism [1]. certain useful properties to them. Thus, in the paper [2],
Traditionally, the Ukrainians consume flour con- the scientists suggested including oat bran, as a func-
fections (FC) like sweet pastries, wafers, biscuits, cup- tional ingredient, in the composition of wafers. This is
cakes, muffins, hardtack, crackers, rum babas, cakes, and supposed to help obesity, overweight, and diabetes.
tortes. In this wide range of products, wafers are the most The researchers [3] considered whether shorten-
popular ones. They have a high calorific value, though ings could replace fats to make wafer fillings more con-
are low in vitamins, complete proteins, and fibre. Wafer sumer-appealing.
biscuits manufactured industrially can have fondant, nut, Studies by the Ukrainian scientists [4—6] are con-
chocolate, praline, or fatty fillings. Wafer biscuits with cerned with developing technologies to produce wafers

fatty fillings make up the largest group (about 80%) of all of enhanced nutritional and biological value, in particu-
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lar, those for particular nutritional use and dietetic nutri-
tion. To make wafer biscuits more nutritious and biologi-
cally valuable, D. Fedorova in her work [7] suggests en-
riching them with semi-processed vegetable and fish
products and plant components. T. Lozova [8] studies
how to enhance the nutritive and biological value of wa-
fer biscuits with fatty fillings that include unconventional
raw materials in their formulations.

Ye. Polyvanov [9] focused on developing a tech-
nology of low-calorie wafer fatty filling that involved
replacing sugar with sweet extract from stevia leaves
mixed with erythritol. He proved that it was practical to
control the amount of dry matter by introducing non-fat
milk whey powder as a raw ingredient. Besides, he
showed the possibility of adding B-carotene as a col-
ourant, and ascorbic acid as a stabiliser of wafer fatty
fillings.

The Russian researchers [10] considered reducing
the fat and sugar content of a semi-processed product
(fatty filling for flour confections) and making it func-
tional-purpose by replacing all the sugar in its formula-
tion and introducing prebiotics.

The Russian scientists [11] suggested using semi-
fat sunflower flour for confectionery. They determined
and tested the parameters of manufacturing fatty filling
for wafers using this flour in the amount of 18% of the
finished product’s composition. Besides, they proved that
the flour positively effects on the functional, sensory, and
technological properties of the filling and finished prod-
ucts. The paper [12] suggests and gives reasons for add-
ing protein to the composition of glazed wafer biscuits
with fatty filling. The additive consists of a milk protein
concentrate combined with a milk whey protein concen-
trate. Besides, it is suggested to replace 100% of the
product’s sugar with sugar substitutes (maltitol, isomalt).

However, no researcher has sought to develop a
wafer product to help disorders of intestinal microbio-
coenosis. That is why today’s topical technological chal-
lenge is to create low-calorie functional confections
made from a combination of raw material components.
These products are supposed not only to be highly nutri-
tive, but also to have a health-promoting effect on the
body: they should maintain the natural balance of the
intestinal microbiota, normalise it, and

on the viscous, penetrometric, and adhesive properties of
the fatty filling;

— to determine the change in the density and to
study the distribution of air bubbles in the fatty filling
samples.

Materials and methods of the research

The following raw materials were used in the ex-
periments: inulin (Frutabit), low-ester apple pectin (Feli-
zata, Ukraine), bifidobacteria (Bifidumbacterin by Bio-
pharma and Bifidobacterium bifidum-1 from the collec-
tion of the Museum of Microorganisms at the Depart-
ment of Biochemistry, Microbiology, and Nutrition
Physiology, ONAFT), calcium chloride (State Standard
(GOST) 450-77).

The viscosity of the fatty filling was measured
with a rotational viscometer Rheotest 2 [13]. The results
received were processed according to the instrument’s
manual.

The strength of the semi-finished product was
measured with a penetrometer AR-4/7 by plunging the
indentor (the cone), made of a certain material, with
specified size, weight, and temperature, during a certain
period of time [13].

The adhesive tension was measured by pulling the
wafer sheet off the structured body (fatty filling) on the
installation developed at ONAFT (Department of Bread,
Confectionery, Macaroni Products, and Food Concen-
trates Technology) [13].

The density of the fatty filling was determined
volumetrically [13].

Determination of the air phase. The air phase of
the filling was quantified and qualified by microscopic
examination. The method consists in determining the
number and sizes of the air bubbles. To do this, a droplet
of the filling is placed on the microscope slide, covered
with the cover slip, and kept for 4 min pressed with a 500
g load. This smear preparation is then studied under a
microscope at 120x magnification. The bubbles counted
are those within the field of vision 800x800 um.

Research results
The previous papers [14, 15] proved the practical
importance of developing a synbiotic complex consisting
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stimulate the body’s protective function. It 00

will also prove useful to include synbiotics 1200

in the formulation of fatty filling for wafers

and study how they change its structural and
mechanical properties, so as to obtain high
quality products.
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The purpose of the research is study-
ing how the synbiotic complex affects the
mechanostructural properties of fatty filling
for wafer biscuits. 0 -

To this end, the following objectives
were set:

— to determine the mass fraction of
inulin and probiotic microorganisms for the
synbiotic complex to be developed;

— to study the effect of the synbiotic
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Fig. 1. Effect of the synbiotic complex on the changes of
the effective viscosity in an unbroken structure, with the shear rate
0.1667 s™': 1 — control; 2 — 2-10% of inulin and microencapsulated
bifidobacteria; 3 — 20% of inulin and microencapsulated bifidobac-
teria; 4 — 30% of inulin and microencapsulated bifidobacteria
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of a synbiotic (microencapsulated bifidobacteria in a pec-
tin matrix) supplemented with a prebiotic (inulin).

Inulin has a number of technological factors: it
can substitute sugar and fat, modify the texture, stabilise
the emulsion, is highly thermostable and hydrophilic.
When added to a formulation, it does not affect the tech-
nological process, and improves the sense of sweetness
of the food consumed. It forms opaque white creamy gel
imitating the texture of fat, and improves the product’s
volume, texture, and taste [16, 17]. Inulin has prebiotic
properties. Its physiological value lies in normalising the
intestinal microbiocoenosis by increasing useful micro-
biota and inhibiting pathogens.

Premised on the above, the studies focused on in-
troduction of inulin into the recipe of fatty filling, where
it replaced fat. The control sample was wafer biscuits
Ananasni. In the course of a series of experiments, 10—
40% of inulin was introduced into the formulation to

replace the equivalent amounts of fat. Addition of
40% of inulin made the filling too dense and too viscous,
which prevented it from being evenly spread on the wa-
fer sheets. That is why the mass fraction of inulin added
to the recipe was, conventionally, 10, 20, and 30%. The
quantity of microorganisms included in the recipe was
determined taking into account that the physiologically
active microbial level in functional-purpose foods should
be 10°~107 CFU/g intestinal contents.

During cooking, fatty filling behaves as a dense
highly-concentrated two-phase dispersed system of the
coagulation type. After cooling, when fat has crystallised,
the filling acquires the coagulative and condensational
structure. It should be noted that in the systems consid-
ered, the mechanostructural properties are mainly deter-
mined by the nature of the bonding between the phases,
which are quite concentrated. A high-quality final prod-
uct is only possible if its filling has the properties that
allow spreading it evenly on wafer sheets and stabilising
during maturation.

The main structural and mechanical characteris-
tics of fat masses include their effective viscosity, shear
stress (indicating a structure’s breaking-down point), and
plastic strength. The latter characterises how well the
freshly-moulded products can tolerate further mechanical
operations (glazing, wrapping, etc.). These properties are
directly related to the specific features of the structure of
these systems, their molecular interaction, and the ratio
of their structural components.

One of the rheological characteristics determining
the quality of filling is its viscosity, or internal friction,
which is a measure of its resistance to flowing. Viscosity
largely depends on the temperature of the mixture under
study. A finished filling, before being smeared over wa-
fer sheets, is kept in a tempering machine at +30°C.

The experiments were carried out on a rotational
viscometer Rheotest 2, with the shear rate varying in the
range 0.1667-72.9 s

The results obtained show that with different mass
fractions of inulin and bifidobacteria added to the filling,
at the shear rate 0.1667 s, the effective viscosity in the
control sample was 0.7 kPa-s. In the test samples with
10, 20, and 30% of inulin and bifidobacteria added, this
parameter was, respectively, 0.8, 0.9, and 1.3 kPa-s (Fig.
1). The higher effective viscosity in the test samples of

filling may be due to the fact that the coagulation struc-
ture of the dispersed medium is formed by coalescing
particles of the prebiotic fibre of inulin and powdered
sugar through thin interfacial layers of the dispersed me-
dium (fat). With smaller amounts of fat in the filling, the
fat layers between particles become thinner and the struc-
ture and coagulation contacts stronger. That is why add-
ing a synbiotic complex results in higher effective viscos-
ity of the mass.

Cooling down wafer blocks is an important tech-
nological stage. A long cooling time of a filling means
that a wafer block needs more time to cool down, or the
cooling temperature should be lower. Such a time-taking
cooling process can result in the dampening of wafers,
because in the cooling cabinet, the air humidity is 92% or
more. That is why it was so important to study the struc-
ture formation process in the wafer filling.

The physicomechanical properties of wafer filling
are characterised by the critical share stress when the
cone of a penetrometer plunges into the mass of the fill-
ing. It is an objective indicator of how a material resists
crushing and deformation. That is why a material’s pene-
trometric properties are related to its structural strength,
which can be quantified by the value of the critical shear
stress T,.

It has been studied how the effect of the synbiotic
on the strength of the filling depends on the mass fraction
of inulin (Table 1).

Table 1 — Dependence of the critical shear stress of
the fatty filling on the duration of structure formation

Shear stress T, kPa, at a certain content of
Time. min inulin, %, and microer;capsulated bifido-
’ bacteria (10° CFU/g)
0 (control) 10% 20% 30%
0 1.07 0.96 1.03 1.06
2 1.09 1.17 1.2 1.22
4 1.14 1.38 1.42 1.56
6 1.35 1.49 1.65 2.04
8 1.53 1.71 1.92 3.2
10 1.57 1.76 2.7 —
12 1.62 2.2 — —
14 1.92 — — —
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These findings make it clear that higher strength
of the filling samples results in shorter maturation time of
wafer blocks. Thus, in the control sample, the resting
time is 14 min, and in the test samples containing 10, 20,
and 30% of inulin, this parameter is shorter: 12, 8, and 6
min respectively.

Thus, lowering the fat content in the filling and
increasing the proportion of its solid phase make it
stronger. This may be because the strength of coagulation
structures is determined by the number and strength of
contacts among solid particles in a certain unit of vol-
ume. Larger solid particles and thinner fat layers result in
a stronger structure of the filling containing an increased
mass fraction of inulin.

In the course of manufacturing fatty filling, highly
important parameters are how strongly it adheres to the
surface of the production equipment and how tightly a
wafer sheet adjoins the filling.
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Probably, the lower adhesion strength is due
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Fig. 2. Dependence of the specific pull-off force 7 on the mass frac-
tion of the synbiotic complex: 1 — control; 2 — 10% of inulin and
microencapsulated bifidobacteria; 3 — 20% of inulin and microen-
capsulated bifidobacteria; 4 — 30% of inulin and microencapsu-

lated bifidobacteria

force of the fatty filling.

It has been established how the den-
sity of the filling changes with introduction
of the synbiotic complex (Table 2).

As indicated by the findings, after
adding the synbiotic complex, in the test
samples of the filling, the proportion of fat
responsible for aerating the food mass de-
creases. That is why the samples of filling

Table 2 — Dependence of the density of the filling on
the mass fraction of the synbiotic complex

Sl Degsity of th3e
filling, kg/m
control 772.01
10 % of inulin and microcapsules 820.5
20 % of inulin and microcapsules 869.64
30 % of inulin and microcapsules 882.68

Formation of the adhesive bond between the fill-
ing and the surface of wafer sheets is determined primar-
ily by the rheological properties of the filling, the length
and intensity of the previous contact, the temperatures of
the wafer sheet and the filling, the way of pulling off, and
the pull-off rate.

The tests were performed using an
adhesion tester. Its operation was based on
pulling a sheet off the mass of food. The
forming rolls of smearing machines used in
the confectionery industry are most often
made of steel of the 3" grade of purity. So,
in the experiments, a plate made of grade
St3 steel was used as the boundary surface,
its temperature being 294+2°C in all the
tests. Some force was applied to the plate
when putting it into contact with the mass
of the filling. After some time necessary
for the surfaces to stay in contact, the plate
was pulled off the mass. Fig. 2 presents the
data about the changes in the specific force
(T) of pulling the plate off the filling that
contains the synbiotic complex.

The experimental results prove that
the higher the proportion of inulin, the
lower the specific pull-off force is, as com-
pared with the control. Thus, in the control
sample, it is 7.82 kPa, whereas in the ones
with 10, 20, and 30% of inulin and micro-
encapsulated bifidobacteria, this parameter

21

become denser, as compared with the con-
trol.

Fatty filling is a structured mixed-phase dispersed
system that includes the solid, liquid, and gaseous phase.
The latter appears in the course of whipping the mass and
is due to capturing and holding air bubbles. It has been
found that the density parameter does not fully indicate
the quality of the fatty filling: with the same value of the
parameter, the filling can vary in quality, which depends,
among other factors, on the size and number of the air
bubbles the filling incorporates (Fig. 3 a, b, c, d).

It has been studied how the value of the wafer
filling density correlates with the characteristics of the air
phase (the size and number of air bubbles in the filling).
See Table 3.

As can be seen from these findings, with higher
density of the filling, the number of the air bubbles de-
creases from 84 in the control sample to 46 in the sample
with 30 % of inulin and microencapsulated bifidobacte

Fig. 3. Distribution of the air bubbles in the samples of wafer filling:
a) control; b) with 10% of inulin and microencapsulated bifidobac-
teria; c) with 20% of inulin and microencapsulated bifidobacteria;

d) with 30% of inulin and microencapsulated bifidobacteria
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Table 3 — Dependence of the density of filling direct evidence that fat contributes to aerating the food

on the quantitative characteristics of the air phase mass.
Total quan- Based on the experimental results, formulations of
Density, kg/m’ tity of the the prototypes of final products have been developed and
bubbles, pcs assessed by sensory parameters.
772 (control sample) 8 Field testing of the research results
8.20 (sample.WIth 10 % of inulin and 76 The tests in the industrial environment of the
bifidobacteria) companies Agrobiznes and Charivnyy Karavay have con-
870 (sample with 20 % of inulin and firmed the effectiveness of the recipes and production
bifidobacteria) 55 technglpgiefs dev;lllqped for wafer biscuits with synbiotic-
- . containing fatty fillings.
SSO (sample.w1th 30 % of inulin and 46 Cognclu}s’ions. gSummarising the research con-
bifidobacteria) ducted, one can conclude that the synbiotic complex in-
troduced into the fatty filling formulation will allow im-
ria. The figures show that in the control, the bubbles are proving the mechanostructural properties of the test sam-
more evenly distributed throughout the sample. In the ples of the filling. This will reduce the time the wafer
experimental samples, though, the bubbles are arranged blocks require to maturate, and increase the strength of
in groups and there are areas with no air bubbles at all. the filling, which will have a positive effect on the qual-
Thus, the findings on the content of the air phase are in- ity of synbiotic-containing wafer products.
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3MIHA BJIACTUBOCTEM BOPOIIHAHUX KOHJIUTEPCHKUX BUPOBIB
3 CUHBIOTUKOM

Anomauin
OOHUM 13 OCHOBHUX HANPAMIE PO3BUMKY KOHOUMEPCHKOL 2any3i € CMEOPEHHs HOBUX 8Up00i8 (YHKYIOHANbHOT chpsi-
Moeanocmi, SKi He MilbKu 3a0080NbHAIOME Hompeby y Xapyuyeanni, ane i 6y0ymb npuHoCcUmu Kopucmo opeauismy. I momy
AKMYanbHUM € GHeCeHHs1 00 CKIA0Y KOHOUMEPCHKUX 8Upo0i6 cunbiomuKis, sKi 6y0yme cnpusamu AK NOKPAWeHHIO MexHOI0Td-
HO20 npoyecy 8UpobHUYmMea, max i Hadasamu QizioN02IYHUX 6IACMUBOCHIEN 20MOBUM BUPOOAM.
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Y pobomi oocnidorceno ennue cunbiomuuno2o KOMNIEKCy, AKUL CKIAOAEMbCA 13 CUHOIOMUKY — MIKPOKANCYTbOGAHUX
Oighioobaxmepiii 6 nexmunogy Mmampuyio, ma O000AMKOBO GHECEHO20 NPebiomMuKy — IHYMIHY, Ha 3MIHY CMPYKMYPHO-
MexaHiyHux enacmugocmeli OOPOUHAHUX KOHOUMEPCLKUX BUPODIB, 30KpeMa, JHCUpO8Oi HAUUHKY ONA 8AdenbHUX GUPOODIe.
Busnaueno macogy wacmky inyniny, akuil 6600unu 6 mauunxy 6 xinekocmi 10, 20 i 30 %, saminoiouu Hum exeiganeHmmy
Kinbkicmv owcupy. A Kinekicmv Oigioobaxmepill, AKI 6600UNUCL 8 Peyenmypy, GUSHAYAIU 3 YPAXYBAHHAM MO20, WO
Qizionoziuno axmuenuii pieent Mikpoopeanizmie y ynkyionarenux npodykmax nogunen cmanosumu 10°...10° KYO/2 emicmy
KUueyHuKa.

Busueno ennue cunbiomuxy Ha cmpyKmypHo-MexaHiiyHi 61aCmMueoCcmi Jcupo8oi HaUUHKU. epekmueny 6 a3kicmo, ao-
2e3ilHYy MIYHICMb, SPAHUYHY HANPY2y 3Cy8y ma 2ycmuHy. Bemawnosneno, wo npu énecenni cunbOiomuxy 00 CKIAdy HCuposoi
HAYUHKY 1 3 NIOGUWEHHAM MACOB0I YaACMKU THYIIHY i00Y68acmbCs NioUUeHHs eeKmueHoi 6'a3Kkocmi 6 00CTIOHUX 3PA3KAX
Hauunky. Taxodc enecenns CUHOIOMUKY CNPUAE NIOBUUEHHIO MIYHOCHI OOCTIOHUX 3PA3KI8 HAYUHKU, WO NPU3EOOUb 0O CKO-
POUeHHs mpueanocmi UCmMol08ants eagenvrux niacmis. Tak, yac euCmoO8ants NIACMIE Y KOHMPOJIbHO20 3PA3KY CKIA0de
14 x8, a y 0ocnionux 3pasxie 3 10, 20 i 30 % inyainy ckopouyemucs 6ionogiono 0o 12, 8 ma 6 xe. Bcmanoeneno, wo numoma
cuna 8iopusy 3 niOSUWEHHAM MACOB0T YACMKU THYIIHY SHUNCYEMBCA Y NOPIGHAHHI 3 KOHMPOALHUM 3DA3KOM.

Hocnionum winsaxom uasneHo 36 A30K Midlc NOKAZHUKOM 2yCMUHU 6apelbHOT HAYUHKU | XapaKmepucmukoio nogim-
panoi gasu (po3mipom i KinbKicmio nyxupyie nogimps 6 HawuHyi) i 6U3HA4eHo, o 3 NIOGUWEHHAM 2YCIMUHU HAYUHKU Kilb-
Kicmb nyxXupyie nosimps y 3paskax smeHuiyemucs. Pezynomamu excnepumenmansrux 0ocniodcens nokasyioms 0oyintbHicmy
BUKOPUCMAHHS CUHOIOMUKY 8 MeXHON02ii 6aghenbHux upooie

Knrwuoei cnosa: 60opownsHi KOHOUMEPCHKI 8UpPOOU, MIKPOKANCYIb08aHi Oighioobaxmepii, iHyMiH, CUHOIOMUYHULL
KOMNJIEKC, JHCUPOBA HAUUHKA, CIMPYKIMYPHO-MEXANIUHI 61acmuUocmi, 6agi.
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