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ABSTRACT Post-harvest dehydration of wine grapes is an important process for making 

Appassimento and Recioto style wines. Understanding the dehydration behavior of wine grape is 
critical for improving efficiency and quality of modern wine making. However, there is gap in 
existing knowledge about effect of temperature on drying kinetics and Brix. The objective of this 
study was to investigate dehydration kinetics, moisture diffusion and activation energy of wine 
grapes at dehydration temperatures from 25 to 80 oC. Grapes were dried by air convective drying 
with three different arrangements on the tray: (1) a whole bunch of grapes, (2) detached grape 
fruits with 2 mm of pedicel or (3) detached grape fruits without pedicels. The dehydration curves 
fitted well with the exponential model (R2>0.97) for all temperature ranges and sample settings, 
which indicated diffusion-limited drying. Moisture diffusivity (Deff) increased with temperature from 
0.0394×10-10 to 1.1481×10-10 m2/s at 25 to 80 ⁰C respectively. Time to achieve the required Brix 
content at 30 oC dehydration was the shortest for grapes separated from the pedicels (46.4 h), 
followed by whole cluster grape (113 h) and the grapes attached with 2 mm pedicels (129 h). 
Activation energy was calculated as 49.07-58.69 kJ/mol. Energy efficiency of the dehydration 
process was very low, around 6-14%. The results of this study could be useful for the prediction of 
dehydration time and energy requirement for wine grapes. 
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Appassimento is traditional Italian wine making technique, which requires long postharvest drying 
to concentrate natural sugars and aromatics before fermentation (Paronetto and Dellaglio, 2011). 
Appassimento-style wines are considered as a premium quality wine with alcohol content of 14.5 to 
16 % with a huge demand of consumers in European and Asian countries. The advantage of this 
process is to complete postharvest ripening even if climate conditions were not favorable for full 
ripening in the field. Traditionally, dehydration of wine grapes are undergoing at ambient conditions 

(2-20 ⁰C; 40-90 RH) under the sun without any control of the temperature or air conditions (Barbanti 
et al., 2008). Hence, quality of the wine produced by such practices might have huge deviations 
due to uncontrolled conditions. Also, traditional wine grape dehydration is a long time process, 
which make the modern wine making process inefficient. To accelerate drying and reduce risk of 
fungal infection, wine producers use special drying chambers with controlled temperature and 
humidity (Paronetto and Dellaglio, 2011). 

Multiple studies demonstrated effect of drying conditions (Rolle et al., 2011; Xiao et al., 2010; 
Çağlar et al., 2009; Midilli et al., 2002; Eissen et al., 1985) and pretreatment (Pahlavanzadeh et al., 
2001; Bingol et al., 2012; Salengke and Sastry, 2005) on drying behavior of grape for raisins 
production. Usually grapes for raisins production are dried to 0.2-0.3 g/g of moisture content, using 
osmotic dehydration and/or hot air drying at temperature 60-70oC.  However, this information is less 
useful for the wine industry due to the major focus on quality and aroma profile, important for the 
fermentation. With respect to quality, dehydration of wine grapes goes under low temperature 27-
30oC, however the time of drying become significant limiting factor (Doneche, 1993). So far, little 
information is available for understanding of dehydration behavior of wine grapes and energy 
efficiency of this operation. 

Thus, advanced knowledge of dehydration kinetics of wine grapes are needed for the wine industry 
to make high quality Appassimento and Recioto wines. The objective of this study was to study the 
effect of temperature and grapes arrangement on the tray on the dehydration behavior and energy 
efficiency of the drying process. To achieve this objective, a single-layer air convective dryer was 
used to study the dehydration kinetics of wine grapes under different experimental settings. 
Moisture diffusion coefficients, activation energy and energy efficiency indices were also 
determined. 

MATERIALS AND METHODS  

Materials Fully ripened grapes of Triomphe D'Alsace (red grape) and L'Acadie Blanc (white grape) 

cultivars were hand-harvested in Luckett and L’Acadia vineyards (Wolfville, NS, Canada), 
respectively. The white grape had initial moisture content of 4.29±0.29 g water/g dry matter and Brix 
of 15.83±1.18. The red grape had initial moisture content of 3.27±0.10 g water/g dry matter and 
Brix of 23.28±1.09. Both varieties were classified as small-sized berries with 8-12 mm in diameter 
and 90-110 g/100 berries in weight. Regarding shape, both varieties were spherical and had near-
unity roundness. 

Dehydration Experiment The dehydration experiment was conducted in a small-scale pilot 

drying system with automated real-time mass measurement system and a computerized 
temperature control system. Red or white grapes were dried in a thin layer on the perforated plastic 
tray by convective air flow using three grape-to-stem arrangements: whole grape cluster (Figure 
1a), destemmed grapes with 2 mm of pedicel (Figure 1b), or destemmed grapes without pedicels 
(Figure 1c). Approximately 100 g of grapes were used in each experiment. The air flow and relative 
humidity were maintained at 1 m/s and 35%, respectively. The dehydration temperature was set in 
each experiment at the constant level of 25, 30, 40, 50, 60 and 80ºC. 
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Figure 1. Fresh grape sample arrangement in dryer: grape cluster (a), destemmed grapes with 2 mm of 
pedicels (b) and without pedicel (c). 

Dehydration Kinetics Moisture content (X) was determined from continuous mass 

measurements m(t) as a ratio between mass of water and mass of dry solid, ms (constant): 

𝑋 =
𝑚(𝑡)−𝑚𝑠

𝑚𝑠
         (1) 

Mass of dry solid ms was determined by oven drying at 105 ⁰C for 24 h. 

The moisture ratio (MR) was calculated as a ratio between instantaneous (Xt) and initial (X0) 
moisture content: 

𝑀𝑅 =
𝑋𝑡−𝑋𝑒

𝑋0−𝑋𝑒
                                                                             (2) 

Dehydration kinetics of single grape fruits in a thin layer normally shows exponential behavior 
(Vega-Gálvez et al., 2009; Seiiedlou et al., 2010; Karim and Hawlader, 2005). The exponential 
model for dimensionless moisture ratio kinetics was established as: 

𝑀𝑅(𝑡) = 𝛼 exp(−𝑘𝑡)                                                               (3) 

where k is the dehydration rate constant (h-1) of the exponential model and t is the dehydration time 
(h). 

Moisture Effective Diffusivity According to the Fick’s second law, the moisture effective 

diffusivity can be described by the Equation (4) in the assumption that initial moisture distribution is 
uniform, the moisture migrates by diffusion, and shrinkage is negligible at a constant dehydration 
temperature throughout a long time dehydration process (Azzouz et al., 2002). 

ln(MR) = ln (
6

π2
) − (

π2Deff

r0
2 ) t                                                 (4) 

where Deff is the moisture effective diffusivity, ro is the radius of the grape. Therefore, the moisture 
effective diffusivity can be calculated by the Equation (5): 

𝐷𝑒𝑓𝑓 = [ln (
6

𝜋2
) − ln(𝑀𝑅)](

𝑟0
2

𝜋2𝑡
)                                               (5) 

Activation Energy Activation energy (Ea) can be calculated using Arrhenius function (eq. (6)) 

from the moisture effective diffusivity (Deff) (Xiao et al., 2010; Babalis and Belessiotis, 2004; 
Aghbashlo and Samimi-Akhijahani, 2008). 

𝐷𝑒𝑓𝑓 = 𝐷0exp(−
𝐸𝑎

𝑅𝑇
)                                                               (6) 

where D0 is the constant diffusivity basis (m2/s); R is the universal gas constant (8.31 J/mol•K); T is 
the dehydration air temperature (K). The equation can be transformed to a linear logarithm form by 
taking the natural logarithm for both sides of Equation (6) and we can get Equation (7). 

(a) (c) (b) 
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ln(𝐷𝑒𝑓𝑓) = ln(𝐷0) −
𝐸𝑎

𝑅
(1 𝑇⁄ )                                                  (7) 

Thus, the activation energy (Ea) can be calculated from the slope of ln (Deff) versus 1/T. 

RESULTS AND DISCUSSION 

Relationship between Moisture Content and Brix Sugar content (Brix) of grape is an 

important factor for the quality of Recioto wine and Brix value is usually corresponds to the moisture 
content of the fruit with the drying process. Therefore, the relationship between moisture content 
and Brix value during dehydration was investigated. This relationship between moisture content 
and Brix of white and red grapes is presented in Figure 2. The correlation between moisture 
content and Brix values followed the exponential models: Brix = 48.10 exp (-0.304•X) for white 
grape and Brix = 59.31exp (-0.364•X) for red grape with high correlation coefficients (R2>0.95). 
Apparently, correlation between Brix and moisture content was variety-specific. The optimum 
values in the range from 30 to 35oBrix, desirable for Recioto wine, corresponded to moisture 
content of 1.1-1.6 g water/g dry matter and 1.4-1.9 g water/g dry matter for white and red grapes, 
respectively. 

 

Figure 2. Relationship between moisture content and Brix value of wine grapes. 

Effect of Sample Arrangement on Dehydration Kinetics To compare the effect of different 

dehydration temperatures and arrangements on the dehydration kinetics of red grapes, the kinetic 
curves are shown in Figure 3. Dehydration started immediately with the falling rate, which indicates 
diffusion-limited process. The dehydration curves fitted well (R2>0.97) with the exponential model 
(Equation 3) for all temperatures and arrangements. Dehydration rate constants (k), calculated with 
exponential model and time to reach desirable 35 Brix at 1.5 g/g of moisture content are presented 

in Table 1. It could be seen that increase of dehydration temperature from 25 to 80⁰C significantly 
improved dehydration efficiency by increasing the dehydration constant from 0.0056 to 0.155 h-1 for 
cluster, from 0.0064 to 0.1789 h-1 for fruit with pedicel and from 0.0171 to 0.268 h-1 for fruit without 
pedicels, respectively (Table 1). The significant effect of temperature could be explained by the fact 
that dehydration rate is mainly controlled by moisture diffusion from the interior of grape fruit to the 
surface, which is mostly temperature-dependent (Xiao et al., 2010).  
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Figure 3. Dehydration kinetics of whole bunch of grape (a), grape fruits detached with 2 mm of pedicels (b) 
and without pedicel (c) at temperature ranges from 25 to 80 ⁰C. 

 
Table 1. Dehydration rate constant (k) and dehydration time for Triomphe grape drying 

 Cluster Fruit with pedicel Fruit without pedicel 

Temperature (⁰C) k (x10-3 h-1) t (h) k (h-1) t (h) k (h-1) t (h) 

25 5.6±0.1 153.7      

30 7.0±0.1 124.5 6.4±0.2 138.5 17.1±0.3 49.6 

40 15.3±0.4 56.5     

50 31.4±3.1 26.1 25.9±2.1 33.7 47.7±0.6 18.2 

60 62.0±3.2 13.2     

80 154.7±17.0 5.2 178.9±2.9 4.8 268.0±27.0 3.0 

Values represent mean ± standard deviation of three replicates. 

On the other hand, dehydration rate of grape fruit significantly depended on grape-to-stem 
arrangement. Dehydration of the destemmed grapes without pedicels was the fastest, followed by 
the clusters and destemmed grapes with pedicel (Table 1). The faster dehydration rate of grape 
fruits without pedicels could be explained by the big opening on the fruit skin, which accelerate 
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diffusion. It is apparent that impermeable grape skin is the major obstacle for the diffusion. 
However, grape clusters have rachides, the points where pedicels are joined with the grape fruit, 
have much higher permeability and the water loss of the rachides could create a pressure 
difference, which results in the water loss from grape through the rachides (Xiao et al., 2010). This 
is probably the major difference in mechanism of dehydration of grapes in cluster as compared to 
destemmed grapes with pedicels. These results correspond well to the previous findings of Tilbrook 

and Tyerman (2008). This effect, however, was not observed at temperature 80⁰C, which may be 
attributed to the melting of the amorphous wax on the grape surface and increasing water diffusion 
through the skin rather than rachides (Schönherr, 1982). 

Moisture effective diffusivity Moisture effective diffusivity (Deff) is a useful indicator of 

dehydration effectiveness. The changes of Deff during with the changes of moisture content are 
shown in Figure 4. The highest values of diffusivity (>4×10-10 m2/s) were observed at the beginning 
of dehydration. This effect was observed at all temperatures and grape-to-stem arrangements and 
might be related to temperature-induced evaporation of surface moisture (Zuniga et al., 2007). 
Within few hours of dehydration Deff values dropped about tenfold and continued to decrease at the 
later stages of dehydration. Water diffusivity consistently increased with temperature due to the 
increased activity of water molecules. For the grape cluster it increased tenfold with the 
temperature increase from 25 to 80 ⁰C: from 0.05×10-10 to 0.49×10-10 m2/s at MR of 0.2, and from 
0.19×10-10 to 2.66×10-10 m2/s at MR of 0.8. The Deff value of grape cluster at 25 ⁰C in this study is 
in agreement with values of Corvina, Corvinone and Rondinella grapes dehydrated at the same 
temperature (Rolle et al., 2011; Barbanti et al., 2008). Similar effect of temperature on Deff of 
destemmed grapes with/without pedicels was observed. These values, calculated as 0.16-1.33×10-

10 in the range of temperatures from 50 to 80 oC, are comparable with effective diffusivity of low-
porous food materials, widely reported in the literature (Midilli et al., 2002; Esmaiili et al., 2007). 
Destemming of grapes resulted in significant changes of the moisture effective diffusivity at 
temperature from 30-60 ⁰C (Figure 4). Detaching grapes from pedicels significantly increased the 

Deff compared with other treatments, which indicates significant role of skin resistance in grape 
dehydration. 

 

Figure 4. Moisture effective diffusivity of whole bunch of grape (a), grape fruits detached with 2 mm of 

pedicels (b) and without pedicel (c) at temperature ranges from 30 to 80 ⁰C. 

 

Activation Energy The energy of activation is an important indicator of dehydration showing the 

minimum energy required for water diffusion through the skin. The calculated values of Ea ranged 
from 49.07-58.69 kJ/mol, which was comparable to previously reported activation energies of other 
grape varieties in the range from 49-67.29 kJ/mol (Table 2). The activation energy of grape 
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dehydration could be affected by several factors, including tissue structures, sugar content and 
specific surface area (Xiao et al., 2010). It has been reported that fruits with compact tissue 
structure, higher sugar content or smaller specific surface area might have higher energy of 
activation (Xiao et al., 2010). 

Table 4. Activation energies of Triomphe grapes with different grape-to-stem arrangements 
compared to other sources. 

Products Range of 

temperatures (⁰C) 

Ea 
(kJ/mol) 

References 

Triomphe grape cluster 25-80 54.98 Present work 

Triomphe grape with pedicel 30-80 58.69 Present work 

Triomphe grape without pedicel 30-80 49.07 Present work 

Monukka seedless grape 50-65 67.29 Xiao et al. (2010) 

Chasselas grape 50-70 49.00 Azzouz et al. (2002) 

Sultanin grape 50-70 54.00 Azzouz et al. (2002) 

 

CONCLUSION  

The effect of temperature and different grape-to-stem arrangements on the wine grape dehydration 
kinetics, diffusivity and activation energy was studied. Grape fruits destemmed from bunches 
without pedicel showed the highest dehydration effectiveness and the lowest activation energy, 
followed by whole grape bunches and grape fruits detached from bunches with a 2 mm pedicel. 
The process of dehydration is diffusion-limited and controlled by temperature and relative humidity. 
The relationship between Brix value and moisture content was established. The established models 
will allow wine makers to predict dehydration time for further calculation of energy required to obtain 
grape with desired sugar content for the wine grape dehydration process. Current practices suggest 
whole bunch dehydration technology, however further studies to increase energy efficiency of the 
process are required. 
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