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Abstract. The effect of grape powders on the rheological properties of dough and the indicators of butter biscuits quality
have been investigated. Butter biscuits were cooked with the addition of powdered grape seeds and grape skins from the grape
pomace obtained in the southern regions of Ukraine. The grape powders were added to the dough in an amount of 15.0% of the
weight of the wheat flour. It has been shown that the presence of powdered grape skins increases the dough’s effective viscosi-
ty by 3.9 times, of powdered grape seeds — by 5.4 times, as compared to the reference sample, and it makes the dough more re-
sistant to destruction. Adding powdered grape skins increases the plastic viscosity of the samples by 31.4%, powdered grape
seeds — by 38.1%. The higher plastic properties of the dough allow the biscuits to hold their shape better and to retain the pat-
tern on their surface. With grape powders added, the adhesive strength of the dough decreases. When powdered grape skins are
added, the adhesion strength decreases by 23.0%, and if we add powdered grape seeds, by 33.0%. It facilitates the work of
moulding equipment and reduces the production losses of the dough during processing and moulding. The values of physico-
chemical parameters of the quality of butter biscuits — the specific volume and the wetting ability — slightly increase as com-
pared to the reference sample. Products hold their shape better, and do not become runny during baking, because of a higher
degree of form stability. Organoleptic indicators of the quality of butter biscuits with experimental additives are becoming bet-
ter. Biscuits acquire a pleasant nutty taste after adding powdered grape seeds, and the taste and flavour of prunes and raisins af-
ter adding powdered grape skins. Butter biscuits take a deep chocolate colour or chocolate with a violet tint.
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AnoTanis. JocnipkeHo BIUTHB BUHOTPAIHUX MMOPOIIKIB HAa PEOJIOTIUHI BIACTUBOCTI TIiCTa Ta MOKA3HUKH SKOCTI 3J00HOTO
neurBa. [ledrBo roTyBajM 3 JOJaBaHHSAM IOPOIIKIB 3 BUHOTPAJIHUX KiCTOUOK Ta BUHOTPAJAHHUX IIKIPOYOK, OTPHUMAHHX 3 BUYa-
BKIB BHHOTPAJy MiBICHHUX perioHiB Ykpainu. [loka3ano migBumieHHS eeKTUBHOI B’S3KOCTI TiCTa y MPUCYTHOCTI 000X IIO-
POIIKIB, IO POOUTH HOTO CTIMKIIIMM O pyWHYBaHHS, MiABHIICHHS TUIACTUYHOCTI Ta 3MEHILICHHS aare3ii, M0 MOJETIIye Ipo-
1ec ioro GopmyBaHHs. J{0JJaBaHHS TOPOIIKIB 3 BHHOTPAIHNAX KiCTOUOK Ta BUHOTPAJHUX MIKIPOYOK MPUBOIUTH [0 MOKpPAICH-
HSl OpPraHOJICITUYHUX MMOKa3HHUKIB SIKOCTI MEYnBa, BOHO Ha0yBae MPUEMHOIO CMaKy Ta apoMaTy, LIOKOJIJHOTO KOJbOpYy abo
IIOKOJIaHOTO 3 (i0NETOBUM BiATiHKY, 30epirac HamaHny iomy GopMmy Ta penbedHHI pUCYHOK Ha MOBepXHi. 3HaueHHs (i3nko-
XiMIYHHUX IOKa3HUKIB SIKOCTi FOTOBOI NMPOAYKIT — MUTOMOro 00 €My Ta 3AaTHOCTI 10 HAMOKaHHS — HE3HAYHO 301JIBIIYIOThCS
HOPIBHSHO 3 KOHTPOJIbHUM 3Pa3KOM.
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Introduction. Formulation of the problem products with high concentrations of biologically ac-

] ] tive substances (BAS). To this end, various food addi-
In recent years, much attention has been paid 10 fjyes are used. Among them, secondary products of
creating new health-improving bakery confectionary  nrocessing raw materials of plant origin are of special
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interest. First of all, these are fruit and vegetable pastes
and purées, powders made of oilcakes, press cakes,
pomace, flour of different grain crops, etc. [1]. By en-
riching wheat flour dough with these additives, we
change its structural and mechanical properties that can
affect the formation of bakery confectionary products
and pastry. That is why, when using non-traditional
materials, special consideration should be given to
studying its functional and technological characteris-
tics, as well as to its influence on the quality parame-
ters of semi-finished and finished products — particular-
ly, on dough rheology as its change can complicate the
technological process.

We have chosen such enriching additives for but-
ter biscuits as grape seed and grape skin pow-
ders extracted from pomace of different grape varieties
grown in southern regions of Ukraine. The powders,
labelled as Oleo Vita trademark, were made of second-
ary wine products at the enterprise Orion (Odessa), un-
der gentle conditions. Both powders have a highly dis-
persed structure, taste and smell delicious, and are at-
tractively coloured: the grape seed powder is of choco-
late colour, the grape skin powder is of chocolate col-
our with a violet tint. Partial replacement of wheat
flour allows enriching biscuits with biologically active
compounds and making it health-improving. However,
a different chemical composition of the flour and of the
selected powders suggests that the additives can affect
the dough’s organoleptic properties and the physico-
chemical quality indicators of the finished biscuits.

Analysis of recent research and publications

There are works devoted to studying the organo-
leptic properties of dough for muffins enriched with
additives (in particular, with wheat germ oilcakes and
sugar beet fibres[2-4]), of cakes made of non-
traditional flour types [5], of confectionary dough with
buckwheat flour added [6], of bread dough with the
addition of oat [7] and pea [8] flour, of biscuit dough
with Zdorovye flour [9]. We have studied the influence
of orange purée on the rheological characteristics of
the dough for crackers [10], the influence of cryopow-
ders made of grape pomace on the rheological charac-
teristics of biscuit dough, shortcrust pastry, and yeasted
dough [11], etc. It has been determined that by adding
enriching additives of plant origin to biscuit dough
(biscuit dough and shortcrust pastry, dough for muf-
fins, etc.), we influence its rheological properties that
affect the quality of the finished product. An analysis

of foreign publications on the use of products of grape
pomace processing shows that they are widely used
when developing technologies of health-improving
flour products. It is noted that adding grape powder to
pasta in the amount of 25 g per 1 kg of the product im-
proves its organoleptic characteristics, and enriches it
with polyphenolic compounds [12]. Adding 5.0% of
fat-free grape seed powder to biscuits slows down the
formation of free fatty acids during their storage [13].
A comparison of different forms of additives — a pow-
der and an extract of grape seeds — shows that the best
effect (a distinct colour, high antioxidant activity of the
additive) is achieved when using powdered grape
seeds [14]. The publication [15] underlines that the ad-
dition of 5.0% of grape skin powder into biscuits also
improves the organoleptic characteristics of the prod-
uct and increases the content of agents with antioxidant
properties in it. The value of processed grape pomace
products is determined by a high content of biological-
ly active substances that have a positive impact on hu-
man health [16]. That is why, by adding them into but-
ter biscuits, we will expand the range of health-
improving baked confections.

Though in these publications, there is quite a lot of data
on how components of plant raw material affect the struc-
tural and mechanical properties of dough, the mechanisms
of dough formation in the presence of grape seed and grape
skin powders have not been fully found out yet.

The aim of the study is to determine the effect of
grape seed and grape skin powders on structural and
mechanical properties of dough for butter biscuits, and
on the quality of the finished product.

To achieve this goal, it was necessary to solve
these tasks:

— to define the viscosity of dough in the presence
of grape seed and grape skin powders;

— to study the effect of additives on dough’s
springiness, elasticity, and plasticity, and its adhesion
properties;

— to study the organoleptic and physicochemical
parameters of the quality of butter biscuits.

Research Materials and Methods

Butter biscuits were baked by the recipe shown in Ta-
ble 1. Grape seed and grape skin powders were added in the
amount of 10.0 to 20.0% of the wheat flour mass. Raw and
other materials taken for the studies met the requirements of
the existing standards and regulations.

Table 1 — Recipe for butter biscuits formed by piping (reference sample)

. . Raw material consumption per 1.0 kg of products, g
Raw material Solids content,% Tresh in dry solids
Top-grade wheat flour 85.50 486.00 415.53
Chicken eggs 26.00 117.00 30.42
Butter 82.50 417.00 344.03
Sugar powder 99.80 167.00 166.67
Total - 1187.00 956.65
Yield 9.5 1000.00 955.00
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Grape powders were made of fresh unfermented
pomace extracted from grapes grown in the southern
regions of Ukraine by the following technology: pom-
ace was dried at a temperature of not more than 60°C,
cleaned from impurities, and split into parts, or frac-
tions. Grape oil was obtained from seeds by cold press-
ing. Grape-cake remaining after the pressing had the
form of solid plates and granules. It was crushed thor-
oughly to obtain grape seed powder containing less
than 8-9% of fat. It is of chocolate colour and nut fla-
vour. The fraction that consists of skins and stalks was
also dried and crushed till obtaining grape skin powder.
The powder is of chocolate colour with a violet tint. Its
taste and flavour are similar to those of raisins and
prunes.

Butter biscuits with the addition of the powders
under study are characterised by perfect organoleptic
characteristics, a high biological value, and an extend-
ed period of remaining fresh due to the addition of
food fibres with high moisture-retaining capacity,
which helps slow down the product’s staling. Owing to
polyphenolic compounds with a high antioxidant ca-
pacity, the fat oxidation processes slow down during
the storage period of the finished product [17].

As for the organoleptic and physicochemical indi-
cators of the quality of biscuits, the best results were
obtained by adding grape powder in the amount of
15.0% from the wheat flour mass [18]. That is why,
this proportion was used in the further study.

The effective viscosity of the dough was deter-
mined with a rotational viscometer Reotest 2. The
moduli of immediate elasticity, springiness, and plastic
viscosity of the dough were determined with Tolstoy’s
elastoplastometer. The adhesion properties were de-
termined with a special device developed at the De-

partment of Physics and Energy of Kharkiv State Uni-
versity of Food Technology and Trade [19]. The physi-
cochemical parameters of butter biscuits were studied
by generally accepted methods: the moisture was de-
termined by drying up to a constant weight in an elec-
tric drying apparatus SECh-3. The specific volume and
the wetting ability were determined by the methods de-
scribed in the document [20]. The shape stability of
butter biscuits was determined as the ratio of its height
to diameter.

Results of the research and their discussion

Butter biscuits can be formed by piping and
moulding with piping or forming machines. To achieve
a high quality of butter biscuits, the dough should meet
certain requirements that determine its ability to resist
deformation under the influence of external forces dur-
ing processing. When developing the technology of
biscuits with the addition of enriching raw materials,
particularly, grape powders, it is important to provide
for the required structural and mechanical properties of
dough contributing to good formation and holding the
shape of products.

Biscuit dough is a complicated multicomponent
system that is characterised by a complex of structural
and mechanical properties, such as a viscosity, elastici-
ty, and plasticity. One of the most important indicators
is effective viscosity, a generalised characteristic de-
scribing a balanced state between the processes of re-
newal and destruction of the dough structure system in
the flow. The results of an effective viscosity analysis
for the samples of butter biscuits dough are shown in
Fig.1.
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Figure 1. Dependence of the effective viscosity (kPa/s) on the shear rate (s”) in butter biscuits dough:
1 — without additives (reference sample), 2 — with grape skin powder added, 3 — with grape seed power added.

As proved by the results presented, the viscosity
curves look typical of non-Newtonian fluids, which are
characterised by a decrease in the viscosity value and
an increase in the shear rate. It is obvious that the pres-
ence of both powders significantly increases the pa-
rameter under analysis. That is, the effective viscosity
of the reference sample is 0.8 kPa x s, with the shear
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rate of 2 s, The addition of grape skin powder leads to
an increase in the viscosity by 3.9 times, the addition
of grape seed powder leads to its increase by 5.4 times.

It should also be noted that the zone of ‘explosive’
destruction of the structure in the test samples having
the same shear rate occurs at higher values of the shear
rate than in the reference sample.
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Consequently, the use of grape skin and seed
powders increases the viscosity of butter biscuits
dough and makes it resistant to destruction. From a
technological perspective, this is an advantage, since it
contributes to increasing the system’s stability during
its formation, and to biscuit’s better holding its shape
and the pattern on its surface.

The important rheological characteristics of dough
include springiness, elasticity, and plasticity. Dough
springiness is a capacity of returning to its original
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shape after the load is removed. Dough elasticity char-
acterises its capacity to restore its shape after a certain
period. If due to the influence of external forces, non-
recoverable deformation takes place, but the integrity
is not violated, it indicates the dough’s plasticity. The
combination of these properties can provide a required
level of rheological characteristics that determine the
behaviour of the dough during the entire process cycle.
The results of the study of these indicators are shown
in Fig. 2.
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Fig. 2. Structural and mechanical properties: A — modulus of springiness; B — modulus of elasticity;
C - plastic viscosity of butter biscuits dough

The analysis of the data provided shows that with the
addition of grape skin and grape seed powder to the dough,
the modulus of instantaneous springiness decreases by 24.6
and 34.9%, respectively, comparing to the reference sample.
This evidences the decrease in the springiness of butter bis-
cuits dough when there are additives in it.

The elasticity modulus of the dough samples con-
taining grape skin and grape seed powders, too, de-
creases by 15.2 and 22.3%, respectively, comparing to
the dough without the additives. It should be noted that
the elasticity modulus value is significantly higher than
that of the instantaneous springiness modulus. It means
that the elastic properties prevail over the springy ones.

Comparing to the reference value, the plastic vis-
cosity of the samples containing additives increases: by
31.4% with the addition of grape skin powder, and by

38.1% with the addition of seed powder. That is, the
dough containing additives demonstrates higher plastic
properties comparing to the reference sample, and
products made of the experimental dough samples will
hold their shape better.

An important characteristic of butter biscuits dough is
its adhesion properties. They characterise the adhesive forc-
es of bodies of different types, whose surfaces come into
collision, and play an important role when the dough con-
tacts with the operating elements of moulding equipment. It
has been found that the tearing-off of the reference sample
of dough and the experimental ones is adhesive, i.e. along
the line of contact. The results of the study of the effect of
grape skin and grape seed powders on the adhesion strength
are shown in Table 1.

Table 1 — Effect of grape seed and grape skin powders on the adhesive strength of butter biscuits dough

Dough sample

Adhesive strength, kPa

Reference sample (without additives) 0.48
With addition of grape skin powder 0.37
With addition of grape seed powder 0.32

According to the above data, the adhesive strength
of dough with the addition of grape powders decreases
comparing to the reference sample. That is, adding
grape powder results in a 23.0% decrease of this pa-
rameter comparing to the reference sample, and adding
grape seed powder decreases it by 33.0%. The results
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obtained prove that while processing and moulding the
dough with grape powders added, it will stick less to
the operating elements of moulding equipment, which
will facilitate their operation and reduce dough wastes.

The results of the study of physicochemical quali-
ty characteristics of butter biscuits with the addition of
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grape powders are shown in Fig. 2.

Table 2 — Effect of grape powders on the quality of butter biscuits

- . Specific volume, | Wetting abil- | Form stability,
0,
Biscuit sample Moisture,% cm¥ g ity,% H/D
Reference sample (without additives) 4.5+0.2 1.70+0.07 140+6.1 0.34
With addition of grape skin powder 4.740.2 1.74+0.07 14816.2 0.44
With addition of grape seed powder 4.740.2 1.72+0.07 14615.5 0.50
It has been found that with the powders added, the Conclusions

specific volume of the biscuits increases slightly — 1.2—
2.4%, and their wetting ability — 4.3-5.7%, as com-
pared to the reference sample. The moisture in the bis-
cuits increases by 4.4%. Products retain their shape
better, do not become runny during baking, as evi-
denced by a higher value of form stability.

The organoleptic parameters of biscuits quality im-
prove with the experimental additives. The product acquires
a pleasant flavour of nuts after adding grape seed powder,
and that of prunes and raisins after adding grape skin pow-
der. The biscuits become chocolate-coloured or of chocolate
colour with a violet tint. They completely retain the distinct
pattern on their surface, unlike the reference samples that
slightly deform, the surface pattern becoming somewhat
blurred. Thus, using grape seed and grape skin powders
makes it possible to produce butter biscuits of high quality,
to enrich them with biologically active compounds con-
tained in the additives, and to expand the range of health-
improving baked confectionary products.

1. Adding grape seed and grape skin powders into
butter biscuits dough results in the increase of its ap-
parent and plastic viscosity, the decrease of the spring-
iness and elasticity moduli. This contributes to facili-
tating dough processing and helping biscuits retain
their shape and a distinct pattern on their surface.

2. When adding grape powder, the strength of
dough adhesion decreases comparing to the reference
sample, therefore, while moulding the dough, it will
not stick to the operating elements of a dough mould-
ing machine so much. That will facilitate the machine’s
operation and reduce the dough wastes during pro-
cessing and moulding.

3. Adding grape seed and grape skin powders
leads to the improvement of the organoleptic (external
appearance, taste, and smell) and the physicochemical
(specific volume, wetting ability, form stability) char-
acteristics of the quality of butter biscuits.
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