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The partial dehydration of grapes after harvest and aimed wine-making, has been shown to be a
process that brings increased concentration of sugar and phenolic compounds in the must, which
results in the quality of the wines produced. However, the works developed so far studied the process
for temperatures up to a maximum of 25°C and air velocity less than 1 m.s -1. This study aimed to
analyze the physical and chemical changes (concentration of total soluble solids (TSS) and phenolic
compounds (CPC)) after partial dehydration of 'Niagara Rosada' grapes at the temperature subjected to
two treatments combining two temperatures and one air velocity (T 1= 22.9°C/1.79 m.s-1 and T 2 =
37.1°C/1.79 m.s-1), and relative humidity of approximately 40%. The loss of water in the grapes was
approximately 14% and the drying process lasted between 20 to 50 h for the treatments T 1 and T 2,
respectively. We experimentally and statistically verified that the treatments promoted significant
increase in TSS and CPC; however, for CPC at the temperature of 37.1°C, the increase accounted for
approximately 29%, whereas, for the temperature of 22.9°C, it was only 5%. For TSS, the increase was
on average 14.4 ± 3.9% between both treatments.
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INTRODUCTION
Besides facilitating the transport, storage and
microbiological stability, the dehydration process of
agricultural products causes physical, chemical and
organoleptic changes; therefore, it must be performed in
a controlled manner and meet the limits established to
not affect the quality (Sampaio et al., 2006). The
reduction of the moisture content in fruits for processing,
whether for juice, pulp and/or concentrates, causes an
increase in the concentration of soluble solids (Azeredo
et al., 2006; Dionello et al., 2009). When the grapes are
used for winemaking, it is desirable the highest possible
concentration of soluble solids and phenolic compounds.
*Corresponding author. Email: wesley.santiago@feagri.unicamp.br

Phenolic compounds, as well as anthocyanins and
flavonoids, provide the sensory characteristics of the
wine, and they are indicated as beneficial in the
prevention of cardiovascular diseases (Bradamante et al.,
2004; Freitas et al., 2010; Lasa et al., 2011).
According to the study of Barnabé and Filho (2008), the
concentration of soluble solids in the must is the key
factor so that, during winemaking, a significant amount of
alcohol is produced. When the concentration of soluble
solids is low, it becomes difficult, or even impossible, to
obtain table wines with alcohol levels according to the
required by the Brazilian law, which must be between 8.6
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at 14%, according to note published in the Official
Gazette ((Diário Oficial da União, 2004).). Studies
developed by Guerra et al. (2003) showed that the
shriveling of grapes in the vineyards, caused by loss of
water, contributed to significant changes in the
concentration of total soluble solids (TSS), in addition to
the increase in the concentration of phenolic compounds
in the skin, also as direct effects of over-ripening caused
by rising temperatures in vineyards of grapes at the end
of the maturation cycle. Later studies on the application
of partial dehydration at temperature below ambient
began by using a cold chamber intended for this function,
the dehydration process may take up to 45 days
(Bellincontro et al., 2004). While in some countries with
wine tradition the partial dehydration of grapes is an
important methodology for achieving quality table wines
(Curvelo et al., 2005), in Brazil it is common in many
wineries the addition of sugar to the must, a process
called chaptalization, seeking to improve the alcohol
content; however, this process results in wines of low
quality, lower market value and higher cost of production.
Results obtained from several studies have proven the
positive effect on wine produced from grapes that have
undergone partial dehydration, supported by the
increased concentration of sugar, phenolic compounds
and aromatic compounds (Constantini et al., 2006;
Moreno et al., 2008; Barbanti et al., 2008; Serratosa et
al., 2010). More studies recently on dehydration of
grapes for winemaking has evaluated with temperatures
below of 25°C and air velocity below 1.5 m.s-1. In this
work we have proposed as objectives the analysis of the
physical and chemical changes (concentration of soluble
solids and phenolic compounds) after partial dehydration
of „Niagara Rosada‟ grapes at the temperatures of 22.9
and 37.1ºC in a forced air system with air velocity of 1.79
m.s-1. With these thermal and fluidic conditions we seek
to accelerate the loss of water process without affecting
the quality of the fruit to improve the quality of the must.
MATERIALS AND METHODS
Raw material
„Niagara Rosada‟ grapes (Vitis labrusca L.), from the harvest of July
to November, 2011, were collected in the city of Jales, northwest of
the State of São Paulo, stored in cardboard boxes with a capacity of
7 kg and transported to the Laboratório de Termodinâmica e
Energia da Faculdade de Engenharia Agrícola da Universidade de
Campinas (Laboratory of Thermodynamics and Energy from the
School of Agricultural Engineering, at the University of Campinas).
After completion of the pre-cleaning of the grape clusters to remove
stems and grapes damaged or compromised by the presence of
fungi, we carried out the distribution of samples according to the
heat treatment to be applied and the subsequent analyzes of the
physicochemical characterization.

Partial dehydration of grapes
The fruits were stored in 50 x 30 x 25 cm plastic package, with 25%

6475

of effective opening area, containing 25 grape clusters,
longitudinally arranged. The package was placed inside a cooling
system with forced air (air flow rate of 2,900 m 3. h-1), which is
installed inside a refrigerated chamber (cooling capacity of 4,400
kcal.h-1 at -10°C) (Figure 1a). With the air flow perpendicular to the
position of the clusters, the rates of heat and mass transfer are
increased, allowing the dehydration process to occur in a shorter
period without forced air (Figure 1a). The system is instrumented
with sensors for temperature, relative humidity and mass
measurement (Figure 1b). The system instrumentation was already
achieved in previous works (Santiago et al., 2012b; Silva et al.,
2011).
The temperature sensors are of the Pt 100 type, (FM= 0 at 100°C;
model TR106; 4 to 20 mA; accuracy = ±0.2%); the one to measure
the relative humidity are of the RHT-WM type with compact
electronic module and transmitter of values (FM= 0 at 100%UR; 4
to 20 mA; accuracy = ± 1.5%); and to measure mass, a weighing
system comprising a load cell, model PW12C3 - IMB (50 N (50 kgf);
sensibility of 2±0.1% mV.V-1).

Experimental delimitation
The experimental design was completely randomized with two
treatments; the effects of treatments were evaluated in pairs by
comparing the values before and after treatment. The treatments
were a combination of two temperatures (T1 = 22.9°C and T2 =
37.1°C) with an air speed of 1.79 m s -1. These temperature values
were defined based on subsidies obtained from previous works
(Santiago et al., 2012a; Santiago et al., 2012c) in which a range of
temperature between 20 and 50°C were studied, obtaining the best
results for the concentration of soluble solids and phenolic
compounds with greater weight loss for the temperature values of
22.9 and 37.1°C. The results obtained were submitted to analysis of
variance, being the averages compared by the Tukey test at 95%
confidence in the statistical software Sisvar 5.3.

Physical-chemical analyzes
To perform the physical-chemical analysis, we randomly took six
grapes from each cluster, comprising the area of the base, middle
and apex of the cluster, according to the procedure proposed by
Araújo et al. (2009). Then, the selected grapes were macerated for
the preparation of the must for the analysis. The characterization of
the review was based on specific methodologies standardized by
the Adolfo Lutz Institute (2005) for the analysis of TSS in o Brix. The
moisture content, in dry basis, was determined by drying a sample
(100 g) in an oven (model MA035/1, manufacturer Marconi) with
forced air circulation at 60°C, until reaching the constant weight of
the sample. Concentration of phenolic compounds (CPC) was
quantified in mg of gallic acid per 100 g of must according to the
methodology described by Vargas et al. (2008).

RESULTS AND DISCUSSION
The results of the physicochemical analyses of grapes,
before and after treatment are shown in Table 1. Figure 2
shows the variation in response to partial dehydration
treatments (%). The results show that it is possible, by
modulating the psychometric and thermal parameters of
the dehydration process, to adjust the loss of water of
grapes, with the consequent increase in the concentration of soluble solids and polyphenols. The use of the
forced air system provided considerable decrease in time
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Figure 1. a, Schematic of the structure of forced-air drying; b, schematic of the system instrumentation. 1, Scale; 2, resistance; 3,
evaporator.

Table 1. Physical-chemical characterization and analysis of variance for the concentration of total soluble solids (TSS) and
concentration of phenolic compounds (CCF) in the must.

Test (ºC/m.s-1)
T1 (22.9/1.79)
T2 (37.1/1.79)
Average

TSS (oBrix)
Before
After
17.57
20.07*
17.23
20.60*
17.40
20.34

CPC (mg gallic acid.100g-1 must)
Before
After
927.33
974.00*
772.00
1096.00*
849.67
1035.00

Dbm
Before
3.54
3.76
3.65

After
3.04*
2.66*
2.85

*Parameters with significant change at 95% confidence level compared to initial value.

to process the loss of water up to the level of control
established which was 14%, lasting 20 h (T1) and 50 h
(T2), with relative humidity of approximately 40%. Partial
dehydration caused a
significant increase
in
concentration of soluble solids and phenolic compounds.
However, for CPC at the temperature of 37.1°C, the
increase accounted for approximately 29%, whereas, for
the temperature of 22.9°C, it was only 5%. For TSS, the
increase was on average 14.4 ± 3.9% between both
treatments.
The results indicate that partial dehydration of grapes
for winemaking can bring satisfactory results in the
parameters of soluble solids and polyphenols, not only for
the temperature below room temperature but as well as
above. In works carried out in Europe, dehydration has
been performed only at temperatures between 10 and
25°C (Bellincontro et al., 2004; Barbanti et al., 2008).
According to Barbanti et al. (2008), usually the loss of

water in grapes at psychrometric ambient conditions and
without control may last from 90 to 120 days to reach the
optimum vinification, and the grapes may still lose up to
40% of mass, exceeding the 20% limit recommended by
the International Code of Oenological Practices (2006).
In an experiment carried out by Bellincontro et al.
(2009) maximum loss of water was 20%, at the
temperature of 10 and 20°C and air velocity of 1.5 m.s-1.
Dehydration lasted 26 days (624 h) and 16 days (384 h),
o
respectively. However, the increase of Brix went from 21
to only 24. In the present study, the dehydration time was
not more than two days, providing a loss of water of 14%
and increased concentration from 17 to 20 oBrix, that is,
for the same increase in TSS, which was 3 oBrix in both
cases, there was a decrease of time of 14-22 days, which
would improve the logistics and cost-effectiveness of the
processes involved, as well as for the chain of wine
production.
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Figure 2. Variation of the physicochemical response to the treatments of dehydration. TSS, Concentration of total
soluble solids; CPC, concentration of phenolic compounds; DBM, moisture in dry basis.

Concentration of total soluble solids (TSS)
The average values of TSS significantly varied in both
treatments. Treatment “T2” showed the greatest value of
TSS (20.6 oBrix). Although it is just above the value of
TSS obtained by treatment “T1”, this result may be
associated with the moisture content of the clusters,
since according to Dionello et al. (2009) and Serratosa et
al. (2010) the reduction of moisture of grape bundles
results in musts with increased value of total soluble
solids. By lowering the water content of the grapes, which
was approximately 14%, there was a positive impact on
the concentration of soluble solids and polyphenols.
Studies developed by Moreno et al. (2008) and
Bellincontro et al. (2009) indicate loss of water of the
order of 14 to 20% with equal positive impact on the
concentration of soluble solids. The concentration of total
soluble solids, besides acting as an important indicator of
the maturity and influencing the chemical and enzymatic
modifications occurring in other components of the
grapes, serves as the basis of calculation for obtaining
the alcoholic potential of the must, since the fructose
present in solid soluble is responsible for most of the
fermentation.
Varieties of European grapes, such as Malvasia,
Trebbiano and Sangiovese, were partially dehydrated,
with an increase of up to 34% of total soluble solids in the
must, but at the temperature of 21°C, air velocity from 1

to 1.5 m.s−1 and humidity of 42% (Bellincontro et al.,
2004). Between 10 and 25°C, Barbanti et al. (2008)
observed a similar increase to the value of total soluble
solids in the must.
The partial dehydration of grapes above room
temperature accelerated the process of mass transfer,
and as a consequence the loss of water, which was in
total of 14%, still within the norms established. According
to the International Code of Oenological Practices,
(2006), in grapes for winemaking, the total loss of water
in grapes during dehydration cannot be above 20%, as it
can cause physiological damages to the product,
compromising the quality of the winemaking process and
the wine produced. The controlled loss of water in the
grapes can be an alternative to produce wines with
appropriate alcohol content, since the fruit does not
always reach the desired ripeness, and the concentration
of soluble solids in the must is essential for the
production of alcohol. In Brazil, specifically, the legislation
requires the alcohol content to be between 8.6 at 14%.
When this content is not met, then it is allowed the
addition of exogenous sugar to correct the alcohol
content (chaptalization); however, the law limits this
correction as a sufficient quantity to produce 3 degrees
GL of alcohol, which in wines most often does not meet
this limit imposed.
The amount of soluble solids obtained in the study
demonstrates the high fermentation potential; even
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though the „Niagara Rosada‟ Grape cultivar is not used in
Brazil to produce wines (Manfroi et al., 2006; Rizzon and
Miele, 2004; Chavarria et al., 2008), this value of TSS
equates to the value of TSS of the must of some
European grape varieties (V. vinifera L.).

Concentration of phenolic compounds (CPC)
Treatment “T1” showed no significant response to the
polyphenol content and we believe that the significant
effect obtained by the second treatment was due to the
fact that, at the temperature of 37.1°C, there is the
disintegration or breaking of the pectin molecules of the
skin, allowing phenolic compounds present there to be
released, as discussed by Vedana et al. (2008). The
increase in the concentration of polyphenols obtained in
this study also becomes promising when aiming practical
application, as phenolic compounds are of great importance in Oenology, since they are directly or indirectly
related to the quality of wine and are antioxidants beneficial to the human health.
Conclusions
The results obtained so far open a perspective of
practical application of the technology of partial dehydration at the temperature of 37.1°C to the sector of Viticulture. With the combination of forced air and temperature
of 37.1°C, it is possible to accelerate the process of loss
of water of grapes, providing increased concentration of
phenolic compounds and total soluble solids, thus
reaching the alcohol content in must required for the
manufacture of wines without the need for the chaptalization process.
The significant reduction in the time required to remove
the amount of water recommended from the grapes
before vinification, with the consequent increase in the
chemical properties evaluated, could contribute to the
cost-effectiveness of the processes involved in the
production chain of Viticulture.
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