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A centrifugal separator was used to find the best mechanical and electrical settings to separate grape seeds
from marc efficiently. Three different reel rotation speeds (400, 500, and 600 rpm) and two different distances
between blade and cylinder (A condition = 2.0 mm and B = 10.0 mm) were evaluated, while using a mass flow
-1
rate of fresh marc of 300 kg h . The data shows that the minor axis length of grape seeds of the Negramaro
variety belongs to a normal distribution, and the best separating conditions are obtained by setting a distance
of 10.0 mm between reel and cylinder, and with rotation speeds at 400 and 500 rpm. Finally, thermographic
analysis can be a useful tool for discriminating machine setting conditions as a function of separation
performance.

1. Introduction
Grape marc is the by-product of the winemaking processes for red and white wines, and is composed of three
different parts (skins, seeds, and stalks), which at the end of the process requires suitable disposal.
The use of the marc is often conditioned by the laws concerning the disposal of waste or the reuse of byproducts, and these laws are often different between different countries. In some countries, as for example in
Italy, governmental policies have mandated that wineries must track and record the quantity of marc
generated to avoid alcohol distillation not authorized. (Law n. 7407 4/8/2010). For example, until 2010, Italy
required fresh and fermented grape marc to be used only for distillation, but now the laws regarding byproducts of the wine industry have recently changed, and other uses are permitted.
One common and traditional use of grape marc is producing a grape spirit (ethanol) by means of steam
distillation, after the fermentation of available sugars (Silva et al., 2000). However, there are other different
utilisations in the world, such as for energy use (Schönnenbeck et al., 2016), in a composting process
(Paradelo et al., 2010), or for animal feed (Greenwood et al., 2012). To increase the potential use of the grape
marc an elaboration of optimisation strategies for the residue must be performed. In fact, if grape seeds and
soft solids (skin and stalk residues) can be properly separated from fresh marc, many other uses could be
considered. Different authors reported the potential health benefits of phytochemicals (phenolics, pigments,
anthocyanins, and resveratrol) extracted from grape skins (Ferri et al., 2016, Waterhouse et al., 2016). In
Binaschi et al. 2018, enzyme treatments on grape skin are investigated not only to enhance phenols extraction
but also to assess their influence on the cell wall fraction with the aim of producing innovative antioxidant fibre
ingredients for the food industry. Considering the above phytochemicals from grape marc could be
conveniently used for food, cosmetics, and pharmaceuticals. In addition, as reported in Bhosle and
Subramanian in 2005, grape seeds contain approximately 10%–20% of an oil that can be used in the food,
pharmaceutical, and cosmetic fields. This is because it is considered a dietary oil of high quality with a high
concentration of unsaturated linoleic acid, vitamin E, and phytosterols, as reported in Beveridge et al., 2005
and Andjelkovic et al., 2005. Le et al. 2018 confirmed that grape oil residue are a highly potential antioxidant
source with 19 - 29 mg/L, highlighting the possible uses as an ingredient of functional or enriched foods.
Currently, the separation of soft solids and grape seeds is achieved using a rotary sieve, but these separation
technologies are not very efficient, and are only able to work on dried marc (not fresh marc).
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The aim of this study is to use of a centrifugal separator to optimise separation of grape seeds and soft solids
from fresh marc, and to define the mechanical settings of such a machine.

2. Materials and Methods
2.1 Grape marc characterisation
All of the research activities were carried out in CANTINA DUE PALME s.r.l. (Cellino San Marco, BR, Italy) in
September 2018, by using fresh grape marc collected at the end of a red wine process using grapes of the
Negramaro variety. Different parts of the marc (skins, seeds, and residuals of stalks) were separated by using
standard sieves having holes with different minor diameters (Retsch Test Sieve, Retsch Italia - Verder
Scientific S.r.l., Torre Boldone, BG, Italy), and were followed by hand processing until perfect separation was
achieved. The separation of the marc was carried out on 4 different samples of 2 kg of fresh marc, sampled
during a week of a winemaking process. The moisture of the fractions was determined according to the
analytical method of UNI EN 14774:2009.
2.2 Centrifugal separator
The separator (Figure 1) was assembled by the research team using components built by MORI-TEM s.r.l.,
Tavernelle Val di Pesa (FI, Italy). The machine is constructed in AISI 304 stainless steel.

Figure 1: Centrifugal separator during the tests
In Figure 1, all of the following components are shown: (1) hopper for marc loading, (2) seeds/soft solids
separation section constituted by a perforated cylinder and reel, (3) 3-phase electric motor having a nominal
power of 4 kW, with a gear for driving the reel, (4) scraper of the cylinder connected to the 3-phase electric
motor with gear, (5) centrifugal fan moved by the 3-phase electric motor, (6) collection section for the soft
solids, (7) pump connected to the 3-phase electric motor with gear for discharge of the soft solids, and (8)
seed discharge section. The core of the machine is the seeds/soft solids separation section, comprising the
perforated cylinder and reel. Both components are shown in Figure 2.

Figure 2: Perforated cylinder and reel with blades
All tests used a perforated cylinder having holes of 2.0 mm in diameter, a length of 1000 mm, and a minor
diameter of 300 mm. Inside the cylinder, there was a reel with 3 blades arranged in a 120° configuration, with
three adjustable blades to regulate the distance between blade and cylinder. Each blade was soldered on the
reel with a rotation of 2° with respect to the longitudinal axis.
During the work, the marc from the hopper is transferred to the perforated cylinder, where the 3 rotating
blades in the reel disrupt the marc and force the soft solids out of the holes, while the seeds run through the
cylinder until being discharged at the opposite end of the feeder.
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2.3 Experimental plan
Separation tests were carried out by detecting three different rotation speeds of the reel: 400, 500, and 600
rpm, and by setting the frequency of the electric motor connected to the reel. For each rotation speed, the
experimental conditions included two different distances between blades and cylinder (A condition: 2.0 mm
and B condition: 10.0 mm). Each test condition was evaluated for 0.5 h of operation of the machine, with a
-1
flow rate of 300 kg h . Each test was replicated four times.
To evaluate the efficiency of the separation by the machine, the seeds of each condition were sampled, and
following that, were separated by using standard sieves having holes with different minor diameters (Retsch
Test Sieve, Retsch Italia - Verder Scientific S.r.l., Torre Boldone, BG, Italy). Sieves of 3, 4, 5, 6, and 7 mm
were used to obtain 6 frequency classes: 2–3 m, 3–4 mm, 4–5 mm, 5–6 mm, 6–7 mm, and 7–8 mm. The
frequency distributions of the seeds’ minor diameters were compared to a control distribution test. The seeds’
minor diameter distribution in the control test was obtained by analysing the seeds separated from the fresh
marc, as previously described in chapter 2.1.

Figure 3: Grape marc composition

Figure 4: Graphic of the moisture of the marc and its components
2.4 Thermographic evaluations
Thermal images of the machine (perforated cylinder) were acquired to evaluate the performance of the
separation. The evaluation of the thermographic profile of the cylinder gave useful information regarding the
friction that was caused between the reel and cylinder, which in turn causes crushing of grape seeds.
A set of thermal images were acquired in each trial 25 min after the start of the machine, using a forwardlooking infrared (FLIR) Thermacam model E45bx (FLIR Systems, Inc.). This to permit the temperature
stabilisation on the cylinder’s surface. The acquisition distance was set to 2 m, and a tripod was used to hold
the thermal camera in a fixed position with respect to the machine. Temperature profiles were obtained by
analysing the thermal images through factory software (FLIR Tools, FLIR Systems inc.).
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2.5 Results and Discussion
As shown in Figure 3, the marc composition was 20.0 % seeds, 5.0 % stalks, and 75.0 % skins. In Figure 4,
the moisture of the components is reported.
2.6 Minor diameter distribution of the seeds
Table 1 shows the density (%) of each frequency class for each condition test, the standard deviation, and a
statistical analysis. A T-test between the control test and each condition for each frequency class has been
performed at p-level=0.05.
Table 1: Minor diameter distribution of the seeds
Test
condition
Control

Density (%) of frequency classes
2-3 mm

3-4 mm

4-5 mm

5-6 mm

6-7 mm

7-8 mm

3.65 ± 0.31 a 14.10 ± 1.43 a 40.30 ± 0.48 a 36.20 ± 1.55 a 5.68 ± 0.50 a 0.10 ± 0.14 a

A-condition
17.20 ± 4.95 b 46.70 ± 2.59 b 23.80 ± 7.82 b 12.30 ± 1.72 b
400rpm
A-condition
51.90 ± 2.46 b 29.10 ± 3.94 b 14.80 ± 3.62 b 4.23 ± 0.80 b
500rpm
A-condition
50.40 ± 4.93 b 7.25 ± 3.59 b 40.90 ± 5.05 b 1.48 ± 0.41 b
600rpm
B-condition
3.73 ± 1.20 a 15.60 ± 2.14 a 40.60 ± 2.75 a 34.60 ± 1.85 a
400rpm
B-condition
3.85 ± 1.13 a 16.50 ± 3.84 a 40.90 ± 5.05 a 34.40 ± 2.20 a
500rpm
B-condition
7.60 ± 0.73 b 21.80 ± 3.1 b 54.50 ± 2.64 b 14.40 ± 2.19 b
600rpm
Different letter denotes significant differences (t-test, p<0.05).

0.00 ± 0.00 b 0.00 ± 0.00 a
0.00 ± 0.00 b 0.00 ± 0.00 a
0.00 ± 0.00 b 0.00 ± 0.00 a
5.35 ± 0.31 a 0.15 ± 0.19 a
4.15 ± 0.99 a 0.18 ± 0.21 a
1.78 ± 0.85 b 0.00 ± 0.00 a

In the A condition, for each rotation speed for all frequency classes, there is a significant difference with
respect to the control, except for the last class where the density of the control is very low (equal to 0.1). This
means that a fraction of the seeds was destroyed by the blade, and that their minor diameter resulted in
smaller sizes than the integer-sized seeds. Figure 5a shows the soft solids and the seeds separated in the A
condition at 500 rpm. From observing the grape seeds, it is possible to appreciate their high level of breakage
and damage. This condition was also found at the other two rotation speeds of the reel, i.e. 400 and 600 rpm
(images not shown).

a

b

Figure 5 Soft solids and the seeds separated in A-condition (a) and B-condition (b) at 500 rpm
In the B condition (i.e. with the larger distance between blade and cylinder), the 400 and 500 rpm speeds do
not show significant differences as compared to the control (Table 1), whereas at 600 rpm, the differences in
four out of five classes are significant. This means that by increasing the distance between the blade and the
cylinder, it is possible to reduce friction actions that occur on the grape seeds, greatly reducing their breaking.
In addition, at 600 rpm, the significant differences as compared to the control indicates that grape seed
breaking occurs not because of the friction between blade and cylinder, but probably owing to the impact
between blade and seeds caused by the high rotation speed.
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In Figure 5b, the soft solids and the seeds are separated in the B condition at 500 rpm. The image shows a
greater integrity of the obtained grape seeds as compared to those shown in Figure 5a.
More information regarding the breaking of grape seeds as compared to the cylinder length has been obtained
by means of thermographic images. In Figures 6 and 7, the thermographic profiles of the cylinder for the A
condition and B condition blade settings are shown, respectively, with both at 500 rpm. Left of the figure there
is the loading part and to the right the discharge part.

Figure 6 Thermographic profile of the cylinder for A-condition at 500 rpm

Figure 7 Thermographic profile of the cylinder for B-condition at 500 rpm

Figure 8 Soft solids and the seeds separated in B-condition at 500 rpm
In Figure 8, the graphic depicts the thermal profile for the cylinder. Comparing the figures 6 and 7 with the
graph in figure 8 the thermographic profile shows that at the same rotation speeds of the reel, the temperature
difference is 5.3 °C at the beginning of the loading part. Then up to about 250 mm in length of the cylinder, in
A-condition the temperature is about 38 ° C, while in B-condition it decrease until about 29 °C. From 250 mm
to 650 mm in both configurations there is a decreasing of the temperature. In this stretch of length there is a
peak of thermal difference between the two configurations equal to 8.5 °C at 350 mm that decreasing until 5.4
°C at 600 mm.. From 600 mm to the end of the cylinder, both thermal profiles are reduced, with temperatures
between about 24 and 26 °C. The thermal profile of the cylinder makes it clear that in the A-condition, most

24

grape seeds break in the first part of the cylinder where the greatest frictions between the blade and cylinder
occur, with a consequent heat development above 30 °C. Consequently a higher percentage of broken grape
seeds will escape from the cylinder and will be remixed in the soft fraction, this will reduce the percentage of
seeds extracted.

3. Conclusions
In this study, the use of a centrifugal separator to separate grape seeds and soft solids from fresh marc was
evaluated, and the optimisation of the mechanical settings of the machine were determined.
The study demonstrated that the machine can work by means of an adequate design, and adjustment of the
machine to identify the correct distance between blade and cylinder and the right rotation speed of the reel.
Between the two different configurations tested, the configuration that showed the optimal result was the one
with the distance between blade and cylinder of 10 mm, while the distance of less than 2 mm increased the
percentage of broken seeds and consequently the external temperature of the cylinder.
About the speed of rotation of the reel between the different tested conditions it emerged that up to a speed of
500 mm, in B-condition do not show significant differences for frequency of minor seeds, whereas at 600 rpm,
the differences in four out of five classes are significant. The study showed that thermographic analysis can be
a useful tool for discriminating the machine setting conditions as a function of separation performance. The
development and the improvement of this technology will increase the potential uses of the grape marc, and
accordingly increase the economic income of the wine supply chain.
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