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Abstract. Grape pomace contains a complex of valuable and biologically active compounds. Drying is one of the main
ways of microbiological stabilisation and preservation of the nutritional value of this secondary raw material. Kinetic parame-
ters of dehydration of grape pomace from different industrially cultivated and processed varieties have been studied, namely,
of the red grape varieties Cabernet and Shiraz, and of the white varieties Chardonnay and Riesling. Dependences of the mois-
ture content in the process of convective drying at different drying agent rates have been obtained at a regulated temperature of
80 °C. The components of such an important technological parameter as the drying time have been determined. These compo-
nents include the duration of the constant drying rate period @, and the time of the decreasing drying rate period @; of the two
zones of the second drying period. The coefficients of the dehydration process have been calculated depending on the type of
grape pomace processing. It has been shown that the discrepancy between the calculated and experimental results does not ex-
ceed £3.9%. The specific features of the moisture yield of the pomace have been revealed, the pomace being viewed as a com-
plex heterogeneous system with colloidal and capillary-porous properties. There are different types of its technological prepa-
ration: it can be fresh, frozen, fermented, and this makes for the fact that the drying time and drying rate may differ by 1.32—
1.46 times. High preservation of valuable properties of grape pomace has been shown. Thus, the concentration of biologically
active substances (BAS) in the total polyphenolic compounds is up to 69% of their initial concentration in the grape pomace
samples, and the microbial contamination of the samples after drying is reduced by 51-82% of their initial contamination.
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AHoTanis. BuBueHO KiHETHYHI MapamMeTpy 3HEBOAHEHHS BUHOTPAJHUX BUYABKIB i3 Pi3HUX HMPOMHCIIOBO BHPOIYBAHUX i
nepepoOIIIOBaHUX COPTIB — ATiJ] YepBOHUX copTiB BuHOorpany Kabepue i lllupas, 6inux copris Llapmone i Pucninr. Otpumano
3aJISKHOCTI NMOKa3HUKA BMICTY BOJIOTH B HPOILIECi KOHBEKTUBHOT'O CYIIIHHS 3 PI3HUMHM HIBHIKOCTSIMH CYLIMJIBHOTO areHTa 3a
pernamentoBaHoi Temmneparypu 80°C. BusHaueHO CKJIaZoBiI BaXIJIMBOIO TEXHOJIOTIYHOTO MapaMeTpy — 4Yacy CYLIHHS, SKHH
BKITFOYA€ TPUBAIICTh MEPioy MOCTIHHOI IBUAKOCTI Mpolecy CylriHHsA @D; i 4ac mepioxy Criagarodoi MBUAKOCTI CYIIiHHSI @,
JIBOX 30H JIPYrOro Mepiofy BUCYIIyBaHHs. Po3paxoBaHO Koe(illieHTH MPOLECY 3HEBOJHEHHS 3aJIE)KHO BiJl BU/Y TEXHOJIOTT4HOT
00pOOKH BUHOTPaTHUX BUYABKIB 1 TOKA3aHO, IO PO301KHICTh MK pO3PaXyHKOBHMH 1 €KCIIEPIMEHTAIbHUME PE3yJIbTaTaMH HEe
nepeBuinye +3,9%. BuspieHo 0cOOIMBOCTI BOJIOTOBI/Ia4i BUYABKIB SIK CKJIaJJHOT T€TePOreHHOT CHCTEMH, SIKa BOJIOJIIE KOJIOT/-
HUMH | KaliJsIpHO-MOPUCTUMH BIACTHBOCTSMH, 3 PI3HUMHU BHJAMH TEXHOJIOTTYHOI MiATOTOBKH: CBIXKOI, 3aMOpPOKEHOI, 30po-
JDKEHOT, 1[0 00yMOBIIIOE BIAMIHHOCTI B TPHBAJIOCTI i MIBHAKOCTI cymriHHs B 1,32-1,46 pasiB. [Toka3aHo BHCOKe 30epeeHHs
IIHHUX BJIaCTUBOCTEHl BUHOrpaaHUX BuuaBkiB. KoHueHTparis 6ionoridno aktuBHux peuoBuH (BAP) 3a cymaprumu nomige-
HOJIbHUMH CIIOJYKaMH CTaHOBHTH 70 69% 10 mepBicHOT iXHBOT KOHIEHTpalii B 3pa3kax BHHOIPAJHUX BHYABKIB, a MiKpoOHa
KOHTaMIHAaIIisI 3pa3KiB MiCIIsl BUCYITYBAaHHS 3HIDKYETHCS Ha 51-82% 110 X BHXiZHOTO 0OCIMEHIHHS.

Kniwouosi ciioBa: BUHOTpa HI BUUaBKH, KOHBEKTHBHE CYIIIHHS, PIBHSAHHS perpecii, 0COOIMBOCTI BONOTOBI A, 6i00e3-
reKa, Mikpo0ioJoriyHa cTablIbHICTh
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Introduction. Formulation of the problem

Grapes are widely distributed in the Mediterranean
and Black Sea regions. The grape varieties most suita-
ble for obtaining juice and grape wines are grown in
the coastal areas of the Kuban, Ukraine (Odessa and
Kherson regions), Moldavia, France (Beaujolais, Bur-
gundy) [1,2]. The chemical composition of grape ber-
ries depends on climatic conditions, soil composition,
and varietal characteristics [3,4]. During processing, a
significant part of the grape pomace is formed. It con-
tains valuable food ingredients and biologically active
substances, due to which they are of considerable in-
terest for various branches of the food industry, as well
as for other types of industry [5,6].

The paper considers the problem of rational pro-
cessing of grape pomace using methods that optimise
moisture removal. The research is based on the data
obtained about the structural and mechanical properties
of grape pomace, on the ratio between the forms of free
and bound moisture.

The aim of the work was to study the kinetic pa-
rameters of the dehydration process of the pomace of
red and white grape varieties pre-prepared in different
ways (fresh, fermented, frozen) to obtain a dried prod-
uct with high-level consumer properties and nutritional
value.

The purpose of the work made it necessary to
solve these basic tasks:

- to investigate the rate of grape pomace drying at
different drying agent speeds and a fixed temperature;

- to characterise the kinetics of the drying process
by the proportion of moisture forms in the objects of
drying, and calculate the coefficients that determine the
duration of the process;

- to characterise the safety of the products obtained
and the preservation of BAS in the dried products.

Research Materials and Methods

Analysis of recent research and publications

Scientific and technical literature presents broad
analysis of how grape pomace is processed in different
countries. It is known that the pomace that is formed in
the course of separation of grape juice can be quickly
damaged by microorganisms and become unusable.
Most technological solutions deal with the preparation
of grape pomace for further processing. Thus, for ex-
ample, a variant was suggested of preparing grape
pomace for extracting valuable components by the en-
zymatic hydrolysis method [7]. This method allows in-
creasing the yield of extractive substances from pom-
ace. In order to maximise the antioxidant properties of
the thermolabile components of pomace, the gentle
drying method was suggested [8]. A detailed analysis
of the drying characteristics of grape pomace by the
convection method was carried out [5,9-12].

A quantitative chemical analysis has been de-
scribed, as well as biotesting of products of sweet red
grapes processing (Cabernet variety) [3]. Powder and
extracts can be obtained from the secondary resources
of processing grapes and used in bakery and confec-
tionery products [13-15]. Considerable attention has
been paid to the analysis of the physicochemical char-
acteristics of grape pomace [4]. Foreign experts in
winemaking have assessed the chemical composition
of seeds and skins of red grapes from Libya and other
countries [1,2,6,16]. Special aspects of drying physi-
cally pretreated Perlette grapes are given in [17]. A
way of determining the end of the drying process in
plant objects by the intensity of chemiluminescence
decay was described in [20], and it was confirmed by
the results of biotesting [21]. However, the existing
methods of grape pomace processing do not allow ob-
taining high-quality food products due to using inade-
quate equipment, high temperatures, and long duration
of pomace drying.
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The objects of the research are grape pomace that
were formed at canneries and wineries in the course of
processing grapes of different varieties. Grape pomace
of industrially cultivated red grape varieties (Cabernet,
Shiraz) and white varieties (Chardonnay, Riesling) was
investigated.

The red grape varieties (Shiraz, Cabernet) after
fermentation were processed on a screw press to select
the must (yield 70%). Pre-prepared freshly harvested
Chardonnay grapes were processed on a membrane
press, yielding about 20% of the pomace and 80% of
the must.

Convective drying was studied on a bench-scale
ring dryer by Sidorenko’s method [11]. In the work,
modern methods were used to plan the experiment
mathematically [10,18], to evaluate the proportion of
free and bound moisture in the grape pomace of the va-
rieties under study [5,9], and to determine the moisture
content in the grape pomace at the initial, intermediate,
and final drying points [5,10]. The equilibrium proper-
ties of plant objects in the hygroscopic region were de-
termined by mathematical modelling [18,19]. The end
of the drying process of plant objects was determined
by the intensity of chemiluminescence decay [20]. The
microbial contamination of the samples was deter-
mined by the number of mesophilic aerobic and facul-
tatively anaerobic microorganisms (MAFAnM) [11,
21]. The BAS retention was studied for the phenolic
complex of samples (concentration of total polyphenol-
ic substances), and the integral security of dried prod-
ucts was confirmed by the results of biotesting [21].

Results of the research and their discussion

Convective drying of the grape pomace of red
(Cabernet and Shiraz) and white (Chardonnay and
Riesling) varieties was carried out on a bench-scale
ring dryer by the method developed by
O. V. Sidorenko. The dryer (Fig. 1) consists of a dry-
ing chamber (1), an electric air heater (2), and a fan
(3). They are connected to each other by air ducts (4)
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in which movable shutters (5) are installed to adjust the
air speed in the drying chamber. Inside the drying
chamber, there is a movable frame (6) which is con-
nected to one of the dishes of electronic scales (7). A
metal mesh box (8), with a width of 120 and a length
of 420 mm (the cells are 6x6 mm, the diameter of the
wire 0.6 mm), was set on the frame, and into it, a grape
pomace sample with a layer thickness of 10 mm was
placed.

To measure the rate of the material’s loss in
weight, the time was tagged with a stopwatch every
time the mass of the material to be dried reduced by
2 g (0.1 g). The experiment was finished with the
achievement of a state close to equilibrium, which was
defined as the state when the material ceased to lose in
weight. The intensity of chemiluminescence decay was
an additional indicator to determine the appropriate
moment of the end of drying.

4 5 6 78 1

T
[ ]
o o

2 3

(«

N

0.20 -
0.18 | M.t \

0,16 - ‘
0,14 -
0,12 - i 1
0,10 - A"d‘.‘" |
0,08 - ,*’ \||
0,06 - A
0,04 - ;
0,02 -
0,00

Drying speed N, kg/kg-sec-10?

gt

—

0 20 40 60 80 1000 120 140 160
Moisture content U, %

Figure 2. Rate curves of convective drying of the
Shiraz grapes pomace at different rates of the dry-
ing agent (air temperature t = 80°C): 1 — 6.0 m/s;
2-85m/s; 3-11.0 m/s
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Figure 1. Ring dryer scheme

Figures 2-3 illustrate the dependencies of the dura-
tion of convective drying on the rate of the drying
agent N(z)=dU/dt. The rate of the drying agent varied
from 6.0 to 11.0 m/s at a temperature of 80°C. Accord-
ing to the experiments, a drying agent rate over
11.0 m/s is undesirable, as the particles of the material
to be dried start being drawn away. It is known that
with an increase in the temperature of the drying agent
(hot air), the oxidative processes intensify sharply. This
is due to the fact that there is no skin to protect grape
pomace flesh from contact with air oxygen, unlike, for
example, when whole grape berries are dried to obtain
sultanas, raisins, or Zante currants as the final product.
As recommended, the maximum temperature of the
drying agent does not exceed 80°C [11]. The increase
in the temperature significantly worsens not only the
nutritional qualities of the resulting dry grape pomace
due to the caramelisation of sugars, the thermal de-
struction of biologically useful substances, and the de-
terioration of the appearance. It also intensifies the ox-
idative processes of lipids in grape seeds, which wors-
ens the quality of the grape-seed oil obtained [3]. On
the other hand, a decrease in the temperature below
70°C activates the enzyme system, including lipase,
which leads to an increase in the acid number of the oil

[4].
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Figure 3. Rate curves of convective drying of the
Riesling grapes pomace at different rates of the dry-
ing agent (air temperature t = 80 °C): 1 — 6.0 m/s;
2-85m/s; 3-11.0 m/s

Research experiments have confirmed that lower-
ing the lower limit of the rate and the temperature of
the hot air or gas is economically impractical, because
it lengthens the drying time and ends in extra energy
costs.

As shown in Fig. 2-3, in the initial drying period,
the moisture content changes insignificantly, and the
dehydration rate rises to the maximum. This corre-
sponds to the stage of warming up the grape pomace.
The line of constant drying rate is characterised by a
linear decrease in the moisture content in the raw mate-
rial. The free moisture is removed from the surface
layer of the grape pomace, and the rate of dehydration
depends on the parameters of the drying agent. At the
end of this drying period, the moisture content is at a
critical level. For the pomace samples selected, it rang-
es 73 to 87% of absolutely dry matter.

In the second period, a change in the S-curves for
the pomace samples under study is observed. This al-
lows distinguishing the two zones of bound moisture,
with the second critical moisture content. In the first
zone, the initial drying rate decreases along a curve
with a convexity towards the abscissa axis (the mois-
ture content axis), which is characteristic of dehydra-
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tion of capillary-porous bodies. In the second zone, the
drying rate changes along a line curving towards the
ordinate axis, which characterises the drying of colloi-
dal materials. Thus, Lykov’s classification is valid
when applied to the colloidal-physical properties of
moist grape pomace which is a complex system as it
has both colloidal and capillary-porous properties.

The resulting graphical dependences are equiva-
lent to the initial, intermediate, and final values of the

moisture content. The kinetic characteristics at constant
drying rates in the first period and the drying rate de-
crease curves in the 1 and 2" zones of the second dry-
ing period differ significantly in their numeric values,
too (Table 1).

An increase in the rate or the temperature of the
hot air (gas) shifts the first critical point of the moisture
content towards a decrease in the moisture content.

Table 1 — Changes in the moisture content in the grape pomace at the initial, intermediate, and final points
of the drying process

Drying process parameters
Pomace of the Drying agent rate Initial moisture con-| Critical moisture | Critical moisture | Equilibrium mois-
grape variety » /s ' tent, content 1,U.,% content 2, ture *(gontent 2,
Ugy, Mass mass U¢ro0, Mass U™ mass
6.0 94.29 55.0 6.11
Shiraz 85 146.33 91.24 35.0 5.20
11.0 86.56 30.0 4.49
6.0 103.64 28.6 6.84
Chardonnay 85 167.95 98.29 23.3 5.75
11.0 92.93 20.5 4.93
6.0 91.52 39.08 451
Cabernet 85 128.0 82.40 34.52 4.03
11.0 73.28 29.96 3.52
6.0 287.18 140.5 9.02
Riesling 85 340.82 278.37 141.1 9.21
11.0 269.55 141.7 9.34

The previously obtained data [5,12] about the
change in the curves of the experimental equilibrium
isotherms (with a wet material as the drying agent)
confirm this effect. A comparison of the drying rate
curves at different temperatures shows that the equilib-
rium moisture content and the critical moisture content
decrease when the temperature increases.

The decrease in the value of critical moisture con-
tent 1 is accompanied by an increase in the proportion
and amount of moisture removed in the first drying pe-
riod. This effect is explained as follows.

With the increase in the drying potential (defined
as a difference in the temperature between the dry and
wet thermometers), or due to a temperature rise of the
dry thermometer from 60°C to 80°C, or due to a tem-
perature drop on the wet thermometer, in line with an
increase in the drying agent rate (6.0-11.0 m/s), drying
on the surface of and inside the grape pomace layer be-
comes non-uniform, less even. The reason for this is
the unevenness and complexity of its structural compo-
sition. With high rates of the hot air, drying leads to
cracking and flaking of skin fragments on the surface
of the grape pomace layer. Due to the cracks, new ex-
posed surfaces of the dried raw materials appear. In
this connection, part of the internal (bound) moisture
turns into the surface moisture (not bound). As a result,
the amount of moisture evaporated in the 1% period in-
creases, the first critical moisture content decreases,
and the line of the constant drying rate increases with a
shift to the left, towards a decrease in the moisture con-
tent. Thus, it is advisable in the drying chamber to im-
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plement the technologies that will ensure the stirring
and mixing of the moving layer of grape pomace,
which will lead to an increase in the efficiency of
evaporation of moisture both in the first and in the sec-
ond drying periods. Flaking and the formation of
cracks on the surface of the upper layer of grape pom-
ace can also explain the decrease in the value of the
second critical moisture content.

In practice, in most cases, — for example, when
drying grain, — the formation of cracks sharply reduces
the quality of the finished product and leads to its de-
struction [18,19]. However, when drying grape pom-
ace, the formation of cracks and flaking of the material
must be viewed as a positive side of the drying process,
since this phenomenon reduces the overall drying time,
which, in turn, helps preserve the quality of drying.

As the object of our research, dry grape pomace is
to be ground into powder that has a much longer shelf
life, and can be used as a valuable food additive in
bakery.

An important technological parameter of drying is
the total drying time, which includes the duration of
the constant drying rate @, and the time period ®,of
the decreasing rate of drying [11]

Dy =D1+ D= D1+ D1+ Py (1)

Where @&,; and &, correspond to the drying rates
in the 1% and the 2™ zones od the second drying period.

The drying time needed to achieve the given mois-
ture content U is calculated (for the first drying peri-
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od), depending on the rate of the drying agent, by the
formula:
@;=(Uo-U)/Ny (2)

Where U and Uq are respectively, the initial mois-
ture contents of grape pomace,% of the mass;

N; is the drying rate of the first period,%/min.
Their calculated dependencies are presented below.

The second period is characterised by a decrease
in the drying rate. The temperature of the material ris-
es, approaching the temperature of the hot air (gas).
That is why, the reduction in the drying rate in the sec-
ond period is due to a change in the form of the con-
nection between the moisture and the material, i.e. a
change of the limiting stage of the drying process. If
the drying rate in the first period was determined by
the heat transfer conditions of the drying agent, the
drying rate in the second period is determined by the
conditions of the diffusion of moisture and moisture
vapour in the pores and capillaries of the dried grape
pomace. As the moisture evaporation zone deepens, the
diffusion path from the evaporation zone to the surface
of the material lengthens. Accordingly, the internal
mass transfer coefficient and the drying rate are re-
duced. The latter is now limited by this complex pro-
cess that depends on the structural, mechanical, and
thermophysical properties of the material being dried.
It should be noted that for all rate curves of drying the
grape pomace of the varieties under study, in the sec-
ond period, the nature of their change is similar. Due to
the fact that for the second drying period of colloidal

capillary-porous systems, there is no generalised and
reliable calculation theory, it is recommended to calcu-
late such an important technological parameter as the
drying time on the basis of experimental data obtained
for each kind of the material to be dried [5].

For the 1 and the 2" zones of the second drying
period, linear dependences of the drying rate on the
current moisture content have been obtained:

NZl:AZl-'-BZl.U (3)
N22 = A22 +B22 -U (4)

After mathematical processing, we obtained gen-
eral logarithmic expressions for calculating the drying
time in the 1% and 2" zones of the second period of the
grape pomace of the varieties under analysis:

+ .
o= 1 nAatBy Vs (5)
321 A21+ le ‘U
A,,+B,,-
Ty — i .In 22 22 Ucr2 (6)

Bzz Azz +Bzz ‘U
Where A1, Ay, By, By, are coefficients that are
calculated from the dependencies presented in Table 2.
they are obtained from our own experimental results
for each variety of grape pomace with all temperature
conditions of drying;
U, is the critical moisture content separating the
1% and 2" of the second period,% mass.

The discrepancies between the calculated values

from Egs. 5,6 and the experimental results range +8.5
to 16.6%/

Table 2 — Dependences of the coefficients in the equations (5 and 6) for calculating the drying time

Grape variety B Ay B, Ay
Shiraz 44v-12.4 0.856 +0.0154v 0.04 +0.64-v 0.184'v —0.464
Cabernet 5.92 +1.392+v 0.13 +0.146"v 3.22 +0.023+v —0.525+0.11" v)
Chardonnay 9.4+0.627v —(0.235 +0.02v) 29.26 +0.24"v —(0.66 +0.011+v)
Riesling 7.0+0.6'v 0.2732 +0.0228'v —(6.86 +0.02°v) 0.56 +0.08"v

For each variety’s pomace — Cabernet (A;= 0.061;
B, = 0.008), Chardonnay (A;= 0.075; B;= 0.0076) and
Riesling (A;= 0.115; B;= 0.009) — a linear equation in
the general form has been obtained:
Nl: A1+B1 -V (7)
Where the hot air rate (with t = 80 °C) is
V =6.0-11.0 m/s.

The discrepancy between the calculated values of the
equation (7) and the experimental results does not exceed
+3.9%.

When comparing the technological and kinetic pa-
rameters of convective drying of grape pomace with its
efficiency, the following is evident. For the fermented
pomace of red grapes (Fig. 4, 1 — chemical, 2 — physi-
co-chemical, 3 — physico-mechanical form of the con-
nection of moisture with the material), the content of
free and bound moisture is approximately comparable,
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but the content of capillary-porous and colloidal mois-
ture in the pomace obtained from frozen Riesling
grapes is, respectively, almost 2 and 9 times more than
in fresh sweet pomace of Chardonnay grapes.

When grape pomace is dehydrated to the 10%
moisture content, the drying time is calculated accord-
ing to the equations (1, 2, 5, 6). For the pomace (after
fermentation) of the Cabernet and Shiraz varieties, it is,
respectively, 27.8 min and 32.9 min, for fresh raw ma-
terials 53.2 min, and for frozen grapes 92 min. The
time of the first drying period for the grape pomace of
the varieties in question was 5.4—7.9 minutes.

Kinetic parameters, too, noticeably differ. For ex-
ample, the drying rate in the first period (at v=11 m/s u
t=80°C) for the grape pomace of the Riesling variety is
1.32 times greater than for the Chardonnay variety, and
for Shiraz and Cabernet varieties, the drying rate is, re-
spectively, 1.43 and 1.46 times greater.
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Figure 4. Dependence of the moisture content on the form of bound and not bound moisture in grape pomace of
the varieties: a) Cabernet; b) Shiraz; ¢) Chardonnay; d) Riesling

Conclusions

The work shows a possibility of increasing the efficien-
cy of drying grape pomace, according to its structural and
mechanical properties, to the ratio between free and bound
moisture, and to the peculiarities of grapes processing. Spe-
cific features of the moisture yield of the pomace have been
revealed, the pomace being viewed as a complex heteroge-
neous system with colloidal and capillary-porous properties.
There are different types of its technological preparation: it
can be fresh, frozen, fermented, and this makes for the fact
that the drying time and drying speed may differ by 1.32—
1.46 times. For fermented red grape varieties with different
types of connection between the moisture and the material,
the content of free and bound moisture has been established
to be approximately the same. However, in frozen grape
pomace, the content of capillary-porous and colloidal mois-
ture is much larger (by almost 2 and 9 times respectively),
than that in fresh sweet pomace. The coefficients of the pro-
cess have been calculated depending on the type of grape
pomace processing. It has been shown that the discrepancy

between the calculated and experimental results does not
exceed £3.9%.

The studies confirmed that the drying of the grape
pomace to a moisture content of less than 9.5-10.0% is
impractical, due to the biochemical changes observed
in the objects of drying by the reaction of the cells of
the raw material dried by the chemiluminescence
methods. The intensity of chemiluminescence decay
was an additional indicator to determine a reasonable
moment for the end of the drying process, either for
grapes or for other plant objects. These indicators were
also confirmed by the results of biotesting and by stud-
ying the BAS retained in the phenolic complex of sam-
ples — the concentration of total polyphenolic com-
pounds is up to 69% of their original amount in the
grape pomace samples. Besides, a positive characteris-
tic of the pomace quality after drying is a 51-82% de-
crease in microbial contamination of the samples.
Thus, valuable consumer properties, safety, and micro-
biological stability of the dried products obtained have
been established.
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