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1. Introduction

Governments of many countries are developing and im-
plementing national programmes aimed at improval of the
nutritional status of population. These programmes include
production of everyday food enriched with physiologically
functional ingredients. In terms of environmental degrada-
tion and economic crisis, such products are essential for the
health and working abilities of citizens and for providing a
decent future via improved nutrition of children and youth.

All population groups are fond of pastries, in particular
butter biscuits that are traditionally made of high-quality

wheat flour, margarine or other fats, sugar, and egg products.
Although such biscuits contain much fat and a lot of carbo-
hydrates and are devoid of biologically active substances.
In this regard, introduction of useful ingredients — dietary
fibre, polyphenolic compounds, minerals and vitamins — to
the composition of biscuits has a beneficial effect on human
health. Such components are abundant in raw plant mate-
rials, among which especially interesting is grape pomace
(wine production waste). Ukraine is a wine-producing state
due to favourable for growing grapes climatic conditions of
southern regions and Transcarpathia. Annually, wineries of
Ukraine accumulate large amounts of grape pomace after




crushing grape varieties and processing wine materials in
winemaking. Such pomace that consists of grape seeds, skins
and rachis is a powerful source of dietary fibre (cellulose,
hemicellulose, pectin substances, and lignin), polyphenols
(anthocyanins, leuco-anthocyanins, catechins, flavonols,
etc), macro- and micronutrients (potassium, calcium, mag-
nesium, phosphorus, iron, zinc, silicon, and copper), vitamins
(PP, C, and choline) [1, 2]. Since grape pomace is rapidly
rotting, immediately after processing, grape pomace is
subjected to drying. It is proved that the maximum con-
tent of flavonoids, anthocyanins, tannins and linoleic acid
are preserved in pomace if it is dried at a temperature of
50-52 °C [3]. There exist well-established technologies of
obtaining powders of grape pomace or its constituents —
seeds and skins with rachis remains. Special technologies
allow separating seeds from pomace and obtaining valuable
grape oil. Oilcake that remains after squeezing oil is dried
and also crushed into powder.

In recent years, doctors [4—7], pharmacists [8—10] and
cosmetologists [11, 12] have focused on grape processing
products — oils, powders, and polyphenolic extracts. This is
predetermined by a wide range of effects inherent in biolog-
ically active grape compounds that are successfully used for
prevention, treatment, and rehabilitation of various illnesses,
including cardiovascular, pulmonary and immune deficiency
diseases. Food industry experts also do not overlook grape
pomace. There exist studies of the use of grape additives in
the production of food, including pasta [13], chicken nug-
gets [14], and confectionery [15, 16]; but at present these
research findings are hardly implemented in Ukraine. It
should be noted that since powders are obtained of primary
production waste, they tend to be low-cost and their use
does not increase the cost of products.

Given the above mentioned, we can conclude that grape
seed powders (obtained of seeds previously separated from
grape pomace) are valuable and promising additives in
pastry production: the use of such powders can enhance the
ranges of mass produced and functionally purposed pastries.

2. Analysis of the previous studies and formulation of
the problem

Recently, much attention has focused on increasing the
biological value of biscuits. It is proposed to use various
enriching substances derived from processing plant raw
materials: carrot puree and carrot pomace powder [17-19],
rowanberry flour and chokeberry cryopowder [20, 21], as
well as Jerusalem artichoke, blueberry, viburnum, pumpkin
and apple purees [22].

Among plant-based enriching additives, grape products
are distinguished by high contents of biologically active
substances (first of all, polyphenolic antioxidants). They
are recommended to improve the quality and nutritional
value of multi-layered sweets [23] as well as new bread
varieties of wheat and combined rye-wheat flours [24].
Moreover, it has long been known that grape juice and
powder enrich bakery products and confectionery with
vital components and improve their qualities [25]. Some
studies focus on the use of grape processing products in
butter biscuit technologies. Thus, it is recommended to
enrich biscuits with ground grape seeds in the ratio of
7-9 % of the weight of flour [21]; grape seed extract [26]
and grape pomace cryopowder — up to 5 % of the weight of

flour [27, 28]. Although such additives have some disad-
vantages: (1) particles of milled grape seeds are quite large
and discernible in the structure of biscuits, (2) grape seed
extract has a depleted composition since it contains only
matter obtained in extraction, and (3) cryopowders are
expensive because their production is complex and involves
using liquid nitrogen. For these reasons, the developed
technologies are not implemented on an industrial scale.
Moreover, ground grape seeds and cryopowders are added
in small amounts, which does not allow significant enrich-
ing flour products with biologically active substances.

It should be noted that study [27] used experimental
cryopowders produced separately of different grape vari-
eties, although, it is impossible to divide pomace into va-
rieties at large modern wineries that process grape variety
mixtures. Research on the use of powdered winery pomace
that consists of a mixture of different grape varieties is new.
There is neither systematic understanding of the impact of
such powders on properties of wheat flour, dough, and the
nutritional value of bakery products, no recommendations
on their rational dosages. Therefore, the current study focus-
es on these topical issues.

3. The purpose and objectives of the study

The purpose of the research is to determine the rational
dosage of grape seed powder in the technology of butter bis-
cuits enriched with biologically active substances.

To achieve the above goal we set the following tasks:

(1) to investigate the effect of grape seed powder on the
properties of wheat flour gluten,

(2) to study the technological properties of the experi-
mental powder, namely its water absorption capacity,

(3) to identify changes in physicochemical and organ-
oleptic characteristics of the quality of butter biscuits en-
riched with grape seed powder.

4. Materials and methods of the research

Materials of the research include bakery wheat flour,
grape seed powder (producer Oleo Vita company, Odesa,
Ukraine), and butter biscuits with and without grape seed
powder.

The effect of grape seed powder on the gluten amount,
elasticity, extensibility and hydration ability was deter-
mined by methodology [29], whereas water absorption
capacity of wheat flour and grape seed powder — by method-
ology described in [30].

Baked biscuits were cooled to a temperature of
18-20°C, then their quality was assessed in terms of
physicochemical (specific volume and dampness), as well as
organoleptic (appearance, texture, taste, color, and smell)
characteristics [30].

The wetting ability of biscuits was determined by identi-
fying an increase in their weight after immersion in water at
20 °C during a specified time. The wetting index was deter-
mined with the use of a special cage with a door of stainless
metal grid made of wire (diameter — 0.5 mm) and the size of
holes below 2 mm?.

The experiment started with measuring the weight of
the wet empty cage. For this purpose, after the cage was
immersed in a vessel with water and removed from it, the



water was allowed to drain off, the cage was wiped from the
outside, and then weighed.

An intacit biscuit was placed in the cage section and
weighed on technical scales. Then the cage was immersed in
a water vessel at a temperature of 20 °C for 2 minutes. Once
the cage was removed from the water, it was kept for 30 sec-
onds in an inclined position and weighed together with the
wet biscuit. The wetting ability of biscuits was determined
as the quotient of the difference between weight values of
the cage with a wet product and the wet empty cage by the
difference between weight values of the cage with a dry
product and the wet empty cage.

5. The research findings on the water absorption capacity
of grape seed powder and its effect on the properties of
gluten and the quality of butter biscuits

The production of dough for butter biscuits requires
flour with a low content of weak gluten. Therefore, we have
studied the effect of grape seed powder on the properties of
wheat flour gluten. It was added to flour in the following
amounts: 5.0 %, 10.0 %, 15.0 %, and 20.0 %. The research
findings are presented in Table 1.

Table 1
The effect of grape seed powder on the properties of wheat
flour gluten
Power The Mass
dosage, | content fracti(;n Hydra- Exten- IDC
Ne |% of the| of raw . tion | Colour |sibility,| .
. of mois-| ,.7.. index
weight | gluten, o, | ability, % cm
ture, %
of flour %
1] 00efet 99 411.1]65.743.2|191.549.5| Cream | 13.0 | 82
rence)
2 1.0 ]22.2+1.1]65.2£3.2| 182.5+9.0 12.9 80
3 2.0 |22.0+1.1|64.7+3.1|171.8+8.5]| Light | 12.7 78
4| 30 |21.9+1.0(64.0+3.0{166.5£8.0 | brown | 125 | 75
5 4.0 |21.7£1.0(62.8+£3.0{161.7£8.0 12.3 71
6 50 |21.5+1.0(61.2+3.0{157.7+7.7 12.0 67
7 6.0 |[20.9+1.0(59.8£2.9(148.8+7.3 11.0 56
8 7.0 |20.1+1.0(57.4+2.8(134.7+6.6 10.5 54
9| 80 [195+09[543+27]1188+5.4]cpoco| 100 | 49
101 9.0 18.8+0.9 |50.6+2.5|102.4+5.0 | late 9.2 47
11 10.0 |[18.1+0.9|47.3£2.3| 89.8+4.4 8.5 44
121 11.0 [17.5+0.8 |45.1£2.2| 82.1+4.1 8.0 41
13| 12.0 [16.9+0.8|41.1£2.0| 69.8+£3.3 7.7 30
14| 13.0 Unwashable

Analysis of the presented data shows that adding grape
seed powder to flour lowers gluten output. Thus, adding
5.0 % of powder reduces gluten content by 4.0 % (as com-
pared to the reference sample) and adding 12.0 % — by
24.6 %. 1f 13.0 % of grape seed powder is added, gluten
becomes unwashable. Lower “raw” gluten probably results
from the negative effect of the additive on water-retaining
capacity of fibrous proteins.

The quality of gluten also significantly changes with
an increase of the additive fraction. Thus, adding 5.0 % of
powder decreases the IDC index by 18.3 % (as compared to
the reference sample) and makes gluten quality satisfactory,
whereas adding 12.0 % of grape seed powder reduces the

IDC index by 63.4 % and makes the gluten quality poor —
the latter becomes too strong.

Meanwhile, extensibility of flour gluten gradually de-
creases. Adding 13.0 % of powder strengthens the gluten so
that it becomes tearable into small bits, and further increas-
ing the additive concentration results in gluten becoming
unwashable and crumbling into small pieces. Therefore,
adding over 12.0 % of grape seed powder to dough ensures
loose structure of butter biscuits.

Strengthening effect of grape seed powder on the struc-
ture of gluten probably results from relatively high contents
of non-starch polysaccharides, tannins and other polyphe-
nols that interact with proteins to form complex compounds.
In addition, a large number of oxidizing substances that are
contained in powder is likely to lead to oxidation of sulf-
hydryl groups to disulfide ones with intermolecular brid-
ges [18]. Thus, when grape seed powder is added, changes in
the ratios of the above groups (among other reasons) signifi-
cantly strengthen gluten structure. Chocolate colouration
of gluten also confirms the assumption of the formation of
complexes between flour proteins and powder components.

It is known that polymers with higher hydrophilic
properties can bind more water and to some extent affect
the course of colloid as well as physicochemical processes
that occur during dough mixing. Therefore, water absorp-
tion capacities of grape seed powder and wheat flour were
determined in accordance with the temperature: swelling
time was 10 min at 30, 60, and 90° C. The findings (Fig. 1)
show that at a temperature of 30° C, water absorption coef-
ficient of wheat flour is 3 times lower than that of powder
(0.63 vs. 1.90). Therefore, during dough formation, bio-
polymers of grape seed powder and highly hydrophilic
components of flour compete in water absorption, which
promotes dough compaction. With the rise in temperature
to 60° C, water absorption coefficient of powder almost does
not change, and that of wheat flour increases twice, which
is explained by the beginning of starch pasting and a higher
degree of its swelling. At a temperature of 30° C, pasted
starch binds a maximum amount of water, which increas-
es the water absorption coefficient of wheat flour almost
3 times (as compared to 30° C) and makes it close to the
water absorption capacity of powder.
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Fig. 1. Water absorption capacities of wheat flour and grape
seed powder: 1 — Wheat flour; 2 — Grape seed powder

The experimental additive can lead to compaction of but-
ter biscuit dough during its mixing, which should be taken
into account when dough is machined, although it positively
affects the structure of baked products.

The study of the effect of grape seed powder on the quali-
ty of butter biscuits was based on the traditional technology



of butter biscuits jigging, which comprises the following
main stages: preparing raw stuff, preparing an emulsion of
sugar, eggs, and butter, mixing dough, forming biscuits,
baking, and cooling baked products.

Due to the peculiar chemical composition and antioxi-
dant properties of grape seed powder, it can help to extend
the shelf life of fat-containing products; therefore, the
selected additive was introduced at the stage of emulsion
formation. The powder is characterized by appropriate
technological properties — it is fine-dispersed, easily shared
between components of an egg-sugar-oil emulsion, does not
form lumps, and provides a uniform chocolate colour. In
terms of food and biological value of butter biscuits, concen-
tration of grape seed powder should be maximum possible.
Therefore, it was added in amounts of 10.0-20.0 % of the
weight of flour.

The research findings on physicochemical parameters of
the quality of butter biscuits with grape pomace powder are
shown in Table 2.

It is found (Table 2) that adding grape seed powder to
butter biscuits almost does not affect physicochemical indi-
ces of the latter.

Table 2
The effect of grape seed powder on the quality of butter
biscuits
The amount of
powder, % of Specific Wetting

Moisture, %

the weight of volume, cm®/g ability, %

flour
0 (reference) 4.5%0.2 1.78+0.07 150+6.1
10 4.5%0.2 1.76+0.07 148+6.2
15 4.7+0.2 1.72+0.07 146£5.5
20 5.0£0.1 1.65+0.07 140£5.8

Adding powder in a quantity within the experimental
range slightly reduces the specific volume of biscuits — by
1.1-3.4 % (as compared to the reference sample), which
is within the margin of error. Adding 20.0 % of powder
reduces the specific volume of biscuits by 7.3 %. When
10.0-15.0 % of powder is added, the wetting ability de-
creases by 1.3-2.7 %, and if we add 20.0 % of powder, — by
6.7 %, i. e. adding 10.0 % and 15.0% of powder has little ef-
fect on the looseness of biscuits (which is indirectly proved
by the indices of specific volume and wetting ability),
whereas adding 20.0 % of powder leads to a slight compac-
tion of the ready products.

Thus, adding up to 15.0 % of grape seed powder to butter
biscuits does not result in changes of the quality indices,
whereas increasing the additive concentration to 20.0 %
slightly degrades it.

The research findings on organoleptic properties of but-
ter biscuits with and without grape seed powder are shown
in Table 3.

Table 3 shows that adding up to 15.0 % (of the weight of
flour) of grape seed powder does not degrade organoleptic
properties of butter biscuits — they do not differ from the ref-
erence ones. Only colour changes — it becomes light brown.
Increasing powder concentration up to 20.0 % thickens the
structure of biscuits making them firm and slightly tight.

Therefore, it is useful to add grape seed powder to butter
biscuits in order to enrich the latter with biologically active
compounds if the concentration of powder does not exceed

15.0 % of the weight of flour. This will increase the biological
value of biscuits and preserve their quality.

Table 3

The effect of grape seed powder on organoleptic properties
of butter biscuits

The amount
powder,'% of Appearance | Colour | Taste, smell Texture
the weight
of flour
Pleasant,
The set form typical Crumbly,
is preserved, of freshly  |loose, free from
without baked butter | undispersed
0 (reference) fractures, Golden biscuits, free | traces, }\))vith an
bubbles, or from foreign | even fracture
cracks tastes and porosity
odours
Light Crumbly,
10 brown Pleasant, |loose, free from
The set form typical undispersed
is preserved, of freshly | traces, with an
15 without baked butter | even fracture
fractures, biscuits, free porosity
bubbles, or |Chocolate| from foreign | Dense, slightly
cracks tastes and | ¢ight, free from
20 odours undispersed
traces

6. Discussing the research findings on the possibility of
using grape seed powder in butter biscuit technologies

The research findings on the effect of grape seed powder
on the properties of fibrinous proteins of wheat flour prove
that adding grape seed powder to flour in the experimen-
tal doses makes gluten less tensile and more elastic. This
can negatively affect the quality of products of shortcrust,
biscuit and butter biscuit dough varieties. Since the struc-
ture of the corresponding products can be firm and dense
instead of being crumbly and soft, study [1] recommends an
amount of 1.0-5.0 % (of the wheat flour weight) of powdered
grape pomace, including powdered grape seed. Although
Table 1 shows that adding experimental powder in an
amount of 13.0 % and more significantly strengthens the
gluten making it brittle, crumbling and unwashable. This
change in the properties of gluten suggests that butter bis-
cuit dough will not be dense, and its products are likely to
have a soft and crumbly texture.

The findings on water absorption capacity of grape seed
powder presented numerically and graphically in Fig. 1
prove that adding powder can affect the process of dough
formation during cooking butter biscuits. A three-time high-
er water absorption capacity of the experimental powder
(as compared to wheat flour at a temperature of 30 °C, i. e.
approximately under conditions of dough kneading/machin-
ing) causes competition for water between flour biopolymers
and powder non-starch polysaccharides. Lack of moisture
previously absorbed by powder polysaccharides does not al-
low fibrinous protein swelling and fibrinous frame forming,
which is prerequisite for the formation of a soft and crumbly
structure of baked biscuits in this technology. It is also found
that at a temperature of 90 °C, i. e. under the conditions of
baking finished products, water absorption capacity of grape
seed powder is the same as that of wheat flour, and even a
little lower. This can also be interpreted as a positive fact —



the structures of baked reference and experimental samples
of biscuits will have many differences.

To test the above assumptions, we have studied quality
characteristics of butter biscuits and presented the findings
in Tables 2, 3. We have proved that physicochemical param-
eters of the quality of butter biscuit samples enriched with
grape pomace powder in an amount of up to 15.0 % of the
weight of flour are very similar to the reference samples:
they have the same specific volume and wetting ability.
Increasing the amount of additive to 20.0 % really de-
grades the structure of biscuits, leads to their compaction,
as evidenced by the reduced indices of specific volume and
wetting ability.

Enriching additives can cause undesirable deterioration
in organoleptic properties of flour products. Assessment of
all the samples of butter biscuits (Table 3) shows that bis-
cuits with grape seed powder in an amount of up to 15.0 %
are characterized by pleasant appearance, colour, taste,
smell, and texture.

Therefore, the analysis and synthesis of the obtained ex-
perimental data prove the reasonability of enriching butter
biscuits with grape seed powder. The rational dosage of pow-
der is 15.0 % of the weight of wheat flour. It provides high
quality of products that contain polyphenolic compounds,
dietary fibre, minerals and vitamins that are abundant in the
experimental powder. A perspective research on the chemi-

cal composition of designed products is likely to complete
the description of the biological value of new butter biscuits
with grape seed powder additives.

7. Conclusions

1. Adding grape seed powder to wheat flour lowers the
output gluten, reduces its tensibility and increases elasticity.
In butter biscuit technologies, the recommended amount of
powder is 13.0 % and more, since this concentration of the
additive makes gluten unwashable and dispersible into small
bits, which provides a crumbly structure of biscuits.

2. Water absorption capacity of grape seed powder at
a temperature of 30° C is three times higher than that of
wheat flour, which prevents fibrinous protein swelling and
fibrinous frame forming. At a temperature of 90° C, water
absorption capacity of grape seed powder is the same as that
of wheat flour and even a little lower, which positively affects
the structure of ready biscuits.

3. Adding 15.0 % of grape seed powder to butter biscuits
improves their physicochemical (specific volume and wet-
ting ability) as well as organoleptic quality indices, although
increasing the additive concentration to 20.0 % slightly de-
teriorates them; i.e. the rational dosage of the experimental
additive is 15.0 % of the weight of wheat flour.
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