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INVESTIGATION OF INFLUENCE
OF INULIN MADE FROM CYCORIA
ON STRUCTURAL-MECHANICAL
PROPERTIES OF WHEAT DOUGH

X7ni6 3 nuenuunozo 60powna 3a XiMHuM cKia0oM HedoCmamubo 30ALaAHCOBANUT 34 HCUMMEBD BANCIUCUMU
inepedienmamu. O0HUM 3 11020 HeDONIKIE € me, W0 NPU BEIUKOMY BMICMI 8Y21e600i8 8 HbOMY 0OMALL XAPUOBUX
BOJIOKOM, MOMY NEPCNEKMUBHO 30a2auYEaAMU 1020 THYITHOGMICHUMU NPOOYKmMamu. Bruowenns inyainy 3 uuxopio
6 peuenmypy NULeHUUH020 XAi6a 30IHUCHIOBAMUME 6NIUE HA (OPMYBAHHS PEONOZIMHUX 6AACMUBOCMEl MICMa, U0
BRAUBAMUME HA AKICTb 20MO6UX 6Up00is. Tomy 06 exkmom docaidicens y pobomi 6y10 Micmo 3 nueHuu020 60POUHA
nepuiozo copmy, 6 peyenmypy K020 eKI0UEHO THYAiH 3 yukopito. I1id wac docridwicens UKOPUCMOBYBANU THYIiH
3 yuropito «Cosucras (beaveist) 6 xinvkocmi 5, 10, 15 % do macu 6opowna. Becmanosneno, wo dodasanst inyniny
3YMOBIIOE 3POCMANHIO NPYICHUX BLACMUBOCEN MICMA, 0COOAUCO Y pa3i nideuuenns 003ysanns inyiiny Oitvue
10 %. Iidsuwenis dozysanns inyainy 0o 15 % i 6invwe nopso 3 niosuuennam npyIcHux Xapaxmepucmur 3HUdiNCYe
enacmuuicmy micma, w0 00YMOBII0E 3HauHe Nozipuianis 00’'emy eupobie. /losedeno, wo smeHuens numomozo
06’emy 6upo6ie ma NidGUWEHI NPYICHUX XAPAKMEPUCTIUK M IKYUKU € 00OMENCYBATLHUMU (DAKMOPAMU 3ACTNO-
cyeanus 8 peuenmypi 6upobie inyriny 6 xirvkocmi Ginvuwe 10 % do macu 6opowna. Bukopucmanns y peuenmypi
xniba inyniny 6 xinexocmi 10 ma 15 % do macu 6opowna nacriook nideuwens nPYICHIx BAACMUBOCMell micma
3YMOBII0€ 3naune nozipuianis 00 'emy eupobie. Cmax ma apomam eupobis 3 inyiinom OYau 6LACTUGE NUEHUMHOMY
XNi6Y. 3a60AKU BKIIOUEHIIO 8 PEyenmypy NUEHUUH020 XAi0a inyainy eupobu nabyeaioms npediomuunux eAacmu-
gocmetl, 00HAK eheKMUEHICMD GUKOPUCTIANKS THYATHY 0N NOKPAULANIS AKOCMI 20MOBUX 6upodie MONCIUBA 3a
dosysanns 5 % 0o macu 6opowna. /lns Ginvuiozo 3b6azavenns Xiibo0yiounux upodic XapuosuMi GOLOKHAMU
ModxCHA BuKOpucmosysamu 003yeanns inyainy 10 % 0o macu 6opowna, aie 3acmocosysamu NP yboMyY MexXHO-
JI02iuni 3ax00u O NOKPAUWANHS AKOCMI 6upobis.

Kmwouosi cnosa: nwenuunuil X110, inyiin 3 WUKopito, nPYicHi GLACMUCOCE MICMA, eLACUYHICIb MICMA.

Bondarenko Y.,

Bilyk 0.,
Kochubhei-Lytvynenko 0.,
Khalikova E,,

Fain A.

of the important polysaccharides, which have prebiotic
properties, is inulin, which is abundantly contained in
Jerusalem artichoke, yacon, dandelion, burdock, chicory,
scorzonera [3-5]. Inulin-based products are relevant to
enrich wheat bread as a product of mass consumption. In
this direction, studies have been conducted [6], in which
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1. Introduction

Recent studies have shown that in the nutrition of the
population of Ukraine there is a shortage of polysaccharides,
which leads to the development of various diseases such
as cardiovascular, gastrointestinal, diabetes [1, 2]. One
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it is recommended to limit the dosage of inulin in the
recipe of wheat bread to 5 % by weight of flour. In [7],
the authors used inulin in the technology of gluten-free
bread. Labor researchers [8] optimized the recipe for wheat
bread based on the combined use of calcium carbonate
and inulin. In studies [9], regularities of the formation
of the structural and mechanical properties of dough for
dosing of inulin powders from Jerusalem artichoke and
chicory in the amount of 2.5 and 5.0 g per 100 g of
wheat flour were established. And in [10] it is noted
that the use of inulin in the recipe of the wallpaper
flour products can be limited to a dosage of 15 %. On
this basis, it is important to conduct research on the
establishment of the maximum possible dosing of inulin
in the recipe of bread made from wheat flour, justifying
its influence on the rheological properties of the dough.
Therefore, the object of research in the work is the dough
of wheat flour of the first grade, the recipe of which
includes inulin from chicory. And the aim of research is
establishing the effect of inulin made from chicory on
the formation of the structural and mechanical properties

of dough.

2. Methods of research

The studies used inulin from chicory «Cosucra» (Bel-
gium). Inulin from chicory is a soluble dietary fiber, ex-
tracted from chicory roots. Inulin is a natural polysac-
charide consisting of residues of D-fructose (up to 96 %)
linked by a B-2-1-glycosidic bond. Inulin is a low-calorie
(1.3 kcal/g) prebiotic fiber, a bifidostimulator in the intes-
tine. This raw material has the appearance of a white
powder, slightly sweet in taste, contains 96.3 % of dry
substances, 92.3 % of which are inulin.

To assess the quality of bread with the addition of
inulin made from chicory and establish its technologically
possible dosing, a pilot laboratory baking was performed.
During the study, the dough was prepared from first-grade
flour with the addition of inulin in the amount of 5, 10
and 15 % by weight of the flour. The control was a sample
according to the following recipe: wheat flour of the first
grade — 100 g, yeast — 3 %, salt — 1.5 %. The dough
was kneaded in an Esher kneader (Italy) for 4 minutes
at the first speed and 7 minutes at the second speed.
The dough was prepared by the straight-line method with
a mass fraction of the dough’s moisture content — 41 %.
During the period of fermentation, dough was punched
60 and 120 minutes after mixing. Dough processing was
carried out manually, dough was made in a cabinet and
at a temperature of 382 °C and relative humidity of
78+2 % until ready. Products were baked in cupboard
ovens at a temperature of 220-240 °C with moistening
of the baking chamber.

The quality of bread was assessed by physicochemical
(specific volume, acidity) and organoleptic characteristics
(appearance, surface of the crust, structure of porosity,
taste, smell) [11]. Gas-retaining dough capacity was deter-
mined by changing the specific volume of 100 g of dough
in the cylinder during the dough fermentation [12]. The
elastic properties of the dough were studied on a Bra-
bender farinograph (Sweden) and a Chopin alveograph
(France) [12]. The results of experimental studies were
subjected to statistical processing implemented using stan-
dard software packages Microsoft Office.

3. Research results and discussion

Structural and mechanical properties of the dough are
determined by the balance between its elastic and visco-
plastic characteristics. Elastic properties of the dough inhibit
the development of its volume. Along with this contribute
to the preservation of the formed dough pieces. The elas-
ticity of dough causes the formation of foamy structure,
plays an important role in the formation of porosity and
volume of products. Reduced or excessive elasticity of
the dough leads to a decrease in the volume of bread.

Research results obtained using the farinograph (Table 1)
indicate that adding inulin increases the water-clay con-
tent of the dough, probably due to the high hydrophilic
ability of fructose, which is a compound of inulin. This
results in a lengthening of dough formation in the case
of inulin application for 9.5-16.5 minutes. When dosing
inulin compared to the control of dough dilution decreases,
and in the case of dosing 5 and 10 % by weight of inulin
flour improves the elasticity of the dough. The greater
elasticity of the dough with inulin is due to the fact that
the formed solutions penetrate into the structure of the
protein molecule, certain changes occur in the structure of
protein molecules and the formation of complexes of fructose,
which is part of inulin, with protein. The introduction of
15 % of inulin as a result of higher hydrophilic ability
leads to a decrease in water for the swelling of gluten,
which impairs the hydration of proteins, increases their
elasticity. Due to the fact that inulin, upon contact with
water, causes the formation of a more viscous liquid phase
of the dough than in the control, this reduces its dilution.

These alveograms (Table 2) indicate a decrease in elas-
ticity and specific work of the deformation in the case
of making inulin in the dough. Increasing the dosage of
inulin decreases the elastic properties of the dough, as
evidenced by a decrease in the P/L ratio.

Tahle 1

Structural and mechanical properties of dough
by farinograph, =3, p<0.95

Added inulin,
Indicators Contrel % by weight of flour

5 10 15
Consistency, unit 500 500 500 500
Water gliding capacity, cm3/100 g 37.5 57.4 61.1 63.9
Formation duration, min 2.5 13 16.5 19.0
Elasticity, units appliance 140 200 260 120
Stability, min 50 10 15 20
a]];lp‘-l]ti::nnc E:h.lriru;[ mixing, 15 minutes 70 10 20 75

Table 2

The effect of inulin on the elastic properties of the dough
(according to the alveograph), n=3, p<0.95

Added inulin, % by weight of flour
Indicators Control

5 10 15
Elasticity, P, mm 113 111 78 70
Stretchability, Z, mm 77 46 38 33
F/L 1.47 2.41 2.05 1.88
Alveogram area, 5, cm? 19.5 15.1 13.7 14.6
Specific work deformation,
W, 10 units of alveograph 548 218 121 1et
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Dough stretchability largely depends on its elasticity.
Despite this, it is possible to assume the best gas-retaining
ability of the dough samples; according to the alveograph,
they had a higher expansibility index. To confirm this,
changes in the volume of dough in a measuring cylinder
of 500 cm® at a temperature of 30 °C during 4 hours of
fermentation we are investigated. It is established (Fig. 1)
that with the introduction of 5 % inulin, an improvement
in the specific volume of dough is observed by 10 % rela-
tive to the control. This is due to the improvement in the
elasticity of the dough, along with a certain strengthening
of the gluten carcass. With an increase in the dosage of

the specific volume of the products from inulin is 8.5 %
higher than the control sample. This can be explained by
the fact that the introduction of inulin into the dough
improves its elasticity and allows to obtain a larger volume
of finished products and improves the fermentation activity
of yeast due to the enrichment of fructose in the liquid
phase of the dough.

Tahle 3
The effect of inulin made from chicory on the guality
of finished products, n=3, p<0.95

Added inulin made from chicory
(on dry substances) % by weight

inulin, the specific volume of dough decreases due to the Indicator Contral of flour
development of more elastic properties of the dough. 5 10 =
Specific volume, cm®/g 3.36 3.67 3.29 2.86
5 28 = Formability, H/D 0.41 0.47 051 | 057
g 2.7 A Porosity, % 72 74 72 71
5 26 ¢ 22 Penetration of the crumb
2 %0 oe 2.4 enetration ot he crumb, | qpg 120 88 51
£ E 2.5 73 units appliance
§ o ;;‘ i Surface condition Smooth without cracks
3} =
g 2.2 4 Crust color Light colored | Light yellow Golden Yellow
3 yellow
& 2.1 A
2 T Maore MFI re
Control 5% 10 % 15% resilient Pesghent
. Crumb condition Elastic Elastic than con- t an
Fig. 1. Specific volume of dough trol and | PrEvious
sample 2 Specl-
mens
The dough system along with the elastic has visco- Small,
plastic properties. The residual strain that accumulates in ) uniform, Medium, uniform, developed,
. . . . Porosity structure .
it during fermentation causes the dough layers to shift developed, thin-walled

relative to each other due to the destruction of the struc-
tural mesh. Excessive dough viscosity leads to insufficient
crumbling, thick pore walls. Low viscosity can lead to
the destruction of the pore walls, the confluence of small
pores, the formation of uneven coarse porosity. It is estab-
lished (Fig. 2) that the dough with 5 % inulin running
a little more than the control, and with increasing dosage
there is less bleeding due to the increased viscosity of
the dough and strengthening of gluten and this can cause
the formation of a larger bottom-to-diameter ratio (H/D)

of bread.
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Fig. 2. RBunning of dough balls

The quality of bakery products, their specific volume,
dimensional stability, crumb structure and elasticity largely
depend on the structural and mechanical properties of
the dough. The obtained patterns of influence of inulin
on the formation of the structural and mechanical pro-
perties of dough determine the formation of the quality
of finished products (Table 3, Fig. 3). According to the
results of the laboratory dough baking, it is established
that at the dosage of inulin 5 % by weight of the flour,

thin-walled

Peculiar to this product, without unnecessary

Taste and aroma
tastes and aroma

Control 5% 10 % 15 %

Control

Control 5% 10 %

15%

c

Fig. 3. Photo of bread of the control sample and with the addition of inulin
made from chicory in the amount of 5, 10, 15 % by weight of flour:
a — pan; b — pan in section; ¢ — over bottom
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At a dosage of 10 % by weight of the flour, the specific
volume of products decreases, but only by 2 %, while in the
sample with 15 % inulin, the specific volume decreases by
15 %. For this dosage, a significant increase in the form-
stability of finished products is observed, which is caused
by an increase in the elastic characteristics of the dough at
a dosage of inulin of 10 % or more. This assumption is con-
firmed by changes in the structural and mechanical properties
of the crumb of products, namely, organoleptic noted that
with increasing dose of inulin, the elasticity of the crumb of
products increases. The results of the penetration of the crumb
products confirm the growth of its elastic characteristics.
So, at the dosage of inulin 10 % by weight of flour — by
18.5 %, and by dosing 15 % by weight of flour — by 52 %.

4. Conclusions

The results of the research prove the effectiveness of
using inulin to improve the quality of finished products by
dosing 5 % by weight of flour. For greater enrichment of
bakery products with dietary fiber, it is recommended to use
the dosage of inulin 10 % by weight of flour, but to apply
technological measures to improve the quality of the products.

It is established that a decrease in the specific volume of
products and an increase in the elastic characteristics of the
crumb are the limiting factors of using inulin products in
the formulation in an amount of more than 10 % by weight
of the flour.

It is established that the addition of inulin from chicory
leads to an increase in the elastic properties of the dough,
especially with an increase in the dose of inulin over 10 %. In-
creasing the dose of inulin made from chicory to 15 % or more
along with an increase in the elastic characteristics reduces
the dough elasticity, leading to a significant deterioration in
the volume of products.
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