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ABSTRACT 
Measuring changes in moisture content of halves, during the drying was done to assess the influence of pre-treatment, tempera-

ture and drying air velocity l on the kinetics of convective drying nectarine varieties "Fantasia." Based on the results of dispersion 
analysis three -factors experiment, the statistical probability of 99% rated it applied. Pre-treatment and selected levels of air tem-
perature affect the drying kinetics. Selected levels of air velocity in front of layers of material within the tested range, and mutual in-
teraction between the factors are less influential on the kinetics. A careful analysis of the results moisture changes during the drying 
time (kinetic drying curves) there has been a light influence of chosen level of drying rate on the kinetics, but less pronounced. With 
the increase of air temperature and drying air velocity for drying outside layer of the material increases and the drying rate. Using 
osmotic dehydration as pre-treatment lowers the rate of convective drying process for forming a relationship of adsorption of mois-
ture, solvent and dry matter in the tissue of nectarine halves. The newly-formed links cause the increase in value of equilibrium mois-
ture osmotic treated materials, and rapid achievement of equilibrium moisture. Seen from the aspect of the total drying time for a fi-
nal product, more quickly achieve equilibrium moisture content apparently excludes the negative effect of osmotic pre-treatment on 
the kinetics of convective drying nectarine halves.  

Keywords: nectarines, kinetics of drying, convection drying, osmotic dehydration.  

REZIME 
Na osnovu rezultata merenja promene vlažnosti tokom vremena sušenja urađena je analiza uticaja predtretmana, temperature 

vazduha za sušenje i brzine vazduha za sušenje ispred sloja materijala na kinetiku konvektivnog sušenja polutki nektarine sorte „fan-
tasia“. Na osnovu rezultata disperzione analize trofaktornog eksperimenta, za statističku verovatnoću 99% ocenjeno je da primenjeni 
predtretmani i izabrani nivoi temperature vazduha za sušenje utiču na kinetiku. Izabrani nivoi brzine vazduha ispred sloja materijala, 
u ispitanom opsegu, i međusobna interakcija između faktora su manje uticajni na kinetiku. Pažljivom analizom rezultata promene 
vlažnosti tokom vremena sušenja (krive kinetike sušenja) primetan je blagi uticaj izabranih nivoa brzine sušenja na kinetiku, ali je 
manje izražen. Sa porastom temperature vazduha za sušenje i brzine vazduha za sušenje ispred sloja materijala raste i brzina 
sušenja. Primenom osmotskog sušenja kao predtretmana snižava se brzina konvektivnog sušenja zbog formiranja adsorpcionih veza 
vlage, rastvorka i suve materije u tkivu polutki. Novoformirane veze utiču na povećanje vrednosti ravnotežne vlažnosti osmotski treti-
ranih materijala, odnosno bržem dostizanju ravnotežne vlažnosti. Posmatrano sa aspekta ukupnog vremena sušenja za dobijanje 
krajnjeg proizvoda, brže postizanje ravnotežne vlažnosti materijala isključuje prividno negativan uticaj osmotskog predtretmana na 
kinetiku konvektivnog sušenja polutki nektarina. 

Ključne reči: nektarina, kinetika sušenja, konvektivno sušenje, osmotsko sušenje. 

INTRODUCTION 
Fruit as a material for drying belongs to a sensitive group. 

The main technological requirement for such materials is drying 
at a low humidity gradient and temperature gradient in the tissue. 
Classical drying technology, only convective drying with heated 
air, is one of the most common procedures whose application is 
limited to less sensitive fruits. With the study of drying fruit by 
combining two or more different processes, the idea to combine 
osmotic and convective drying emerged. This combination was 
separated from the rest by the criterion of minimal changes in 
the natural properties of fresh fruits and at a reasonable cost of 
the final product.  

Effect of osmotic pretreatment on drying kinetics of pear 
cubes (d′Anjou) was examined by Park, K., J. and associates 
(2002a). The measurements were performed on pear cubes with 
volume about 1 cm3 that were osmotically dried in sucrose con-
centration of 55oBx, at 40oC solution temperature and 310 min-
utes duration of drying. Drying air temperature was 40, 60 and 
80°C and air speed was 1 and 2 m / s. Based on these results the 
authors conclude that the drying rate increases with increasing of 

drying air temperature and air velocity in front of the layer mate-
rials. With the analysis of kinetic curves at the convective drying 
speed authors conclude that the pear cubes which have previ-
ously been osmotically dried have a greater drying speed than 
fresh ones with moisture above 1 kg/kgdm. Under the specified 
moisture the speed of osmotically dried cubes was lower than the 
drying speed of untreated cubes. Similar research was done by 
the authors Azoubel, M., Patricia et al. (2009) of apple tissue in 
the form of thin sheets and Sankat, C., K. et al. (1996) for ba-
nana tissue in the form of thin discs. 

The aim of this research is to analyse the influence of os-
motic dehydration as pre-treatmnet on kinetics of convective 
drying of “Fantasia” cultivar nectarines halves in a thin layer. 
Three-factor experiment of convective drying was performed. 
The factors of convective drying were as follows: type of pre-
treatment, drying air temperature, and velocity of drying air in 
front of the layer of material. 

Nomenclature: 
a (mm)  – fruit length, 
b (mm)  – fruit width, 
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c (mm)  – fruit thickness, 
Cr (oBx) – solution concentration  
m (kg)  – fruit mass, 
v (m/s) – air velocity in front of drying layer, 
p – statistical significance,  
x (kg/kg) - absolute air humidity  
t (oC) – temperature, 
V (cm3)  – fruit volume, 
W (g) – moisture mass in a sample 
F - – calculated value of Fisher criterion  
Fcritic – tabulated value of Fisher criterion 
Δ  – change of parameter value, 
τ (h) – drying time 
ω (gw/gwb)  – moisture content on wet basis 
ωs (gw/gdm)  – moisture content on dry basis  

Subscripts 
o – initial value 
i  – i –moment 
r – osmotic solution 
sm - dry matter 

MATERIAL AND METHOD 
In the experimental part of the research fresh fruit of the nec-

tarine variety Fantasia has been used. Nectarines were obtained 
from orchards in Srem, near Čerević, Serbia. Until the beginning 
of the processing, fruit was stored in a locker on the temperature 
of 4oC and 75% relative air humidity. The stage of fruit ripeness 
was the beginning of technological maturity with the average 
values of pH = 2.99±0.14 and fruit strength of 5.55± 0.42 
kg/cm2. The measured values of the basic physical characteris-
tics of the fruit were: moisture in relation to the dry base 4.51± 
0.13 kgw/kgdm, fruit mass 113.51± 15.66 g, length 60.60±2.78 
mm, width  58.24±3.45 mm, and thickness 56.50±2.98 mm. All 
average values were measured on a random sample of 20 fresh 
fruit. 

The preparation of fresh fruit for the drying implied washing, 
cutting in halves and the removal of the seeds. With this type of 
preparation, the usable mass of tissue was 103.75±15.78g which 
makes  91.25±1.84% of the whole fruit mass. Prepared halves 
had the following mean value of physical characteristics: tissue 
moisture in relation to the dry base 4.58±0.274 kgw/kgdm; length 
of one half 56.20±3.178 mm; width of a half 54.34±2.427 mm; 
tickness of a half 25.37±1.686 mm; volume of a half 41.73±4.30 
cm3. After cutting in halves the prevention of tissue darkening 
was conducted. With the dry process of sulphuring, 2g of techni-
cal sulphur in powder per 1 kg of prepared halves was burnt. The 
exposure time of the halves to the sulphur dioxide in the sul-
phuring chamber was 8 h. After completion of sulphuring, sul-
phured slices were used in the experiment. 

Convective drying experiment was performed as a three-
factor experiment. The factors were the following: type of pre-
treatment, drying air temperature and velocity of drying air in 
front of the layers of material. Three different preparations of 
sulphured slices for convective drying, i.e. pre-treatments, were 
performed (Table 1).  

Osmotic pre-treatment where conducted in the experimental 
semi-industrial osmotic dryer, with the capacity of 0,039 m3 
(Babić, M., et al., 2004, Pavkov, I et al., 2007). When planning 
the experiment one of the main criteria was to achieve the simu-
lation of real processes of osmotic drying in the experimental 
dryer. For this reason, the experiment was conducted in a semi-
industrial osmotic dryer.  

After completion of the selected pre-treatment, the samples 
were placed in experimental convective dryer with trays “IVA – 

2” (Pavkov et al., 2009, 2010). The principle of the experimental 
dryer is based on the heated air flowing horizontally over fruit 
samples arranged in thin layers on four trays. Dimensions of one 
tray are 440 mm x 290 mm, arranged 45 mm apart. There are 
from 16 to 20 slices on each tray arranged with even space in the 
rows and between the rows. All the four trays have the same 
number of slices and the same arrangement of slices, and ap-
proximately the same weight. Specific weight on trays was 4.376 
kg/m2 on average, i.e. averagely 2.234 kg of prepared slices were 
used and placed on four trays for one combination of factors. Air 
temperature for convective drying varied at two levels: 40oC and 
60oC. Air velocity in front of the layer of material varied at two 
levels: 1 m/s and 1.5 m/s. Duration of convective drying was 23 
hours. 

 

Table 1. Pre-treatments 
 

No. Type of pre-treatment  

1 
Osmotic dehydration (tr = 40oC, cr = 50oBx, τ = 3 h, solute – 
sucrose , solvent – distilled water, weight ratio of solution and 
slices 8:1, experimental osmotic dryer of semi-industrial type)

2 
Osmotic dehydration (tr = 60oC, cr = 65oBx, τ = 3 h,  solute – 
sucrose , solvent – distilled water, weight ratio of solution and 
slices 8:1, experimental osmotic dryer of semi-industrial type)

3 Without osmotic dehydration 
 

During the experiment, measurements of important parame-
ters for the kinetics of convective drying were performed. By 
measuring changes in the mass of samples during convective 
drying the basic data on drying kinetics were collected. This 
measurement was performed continually without interrupting the 
drying process. This was enabled by special tray carriers placed 
on the sensor for measuring mass. The sensor for measuring 
sample mass has the measuring range 0-20 kg, resolution 0.01 g, 
and accuracy ±2 g. It was manufactures by HBM, Germany, 
model PW6CC3MR. The sensor is connected to the measure-
ment acquisition manufactured by National Instruments, USA, 
model NI 622225, which measured the mass change during dry-
ing every 60 seconds for 23 hours. Apart from the mass change, 
at the same time the acquisition also measured the following: 
temperatures of dry and wet thermometer of the ambient air, air 
temperature entering the layer of material, and slice temperature. 
The data on the measured values of temperature were obtained 
by the acquisition using thermocouples placed at characteristic 
points. The material temperature was measured by a thermocou-
ple placed in the flesh of slices, in the middle of their length and 
width, 5 mm below the upper surface. The absolute air humidity 
was determined by psychometric temperature difference of the 
dry and wet thermometers (Pavkov et al., 2010). 

Air velocity was measured in a measuring tube using Pittot-
tubes and differential micromanometer – Testo 506 of the meas-
uring range 0-100 hPa, resolution 1 Pa and accuracy ±1 Pa. Pit-
tot-tube was placed in the centre of the tube, 12d apart from the 
beginning of the measuring tube, and 5d from the end of the 
measuring tube. On the basis of dynamic pressure measurement, 
air velocity was calculated at the measuring point, and then re-
calculated in the air velocity in front of the layer of material 
(Pavkov et al., 2010).  

Achieving the desired air velocity in front of the layer of ma-
terial on the experimental convective dryer was performed by 
damping the fan using stator. Measurements of the basic physi-
cal properties of the material relevant for the analysis of the con-
vective drying kinetics were also performed. The dimensions of 
the material, nectarine halves, length (a), width (b) and thickness 
(c) were also measured by a calliper, while the volume (V) of the 
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material was measured by immersion in liquid using scales, 
measuring cylinder and thin metal wires (Mohsenin, 1980; 
Babić, M and Babić Ljiljana, 2007). Moisture content of fresh 
material, moisture content of material after sulphuring and mois-
ture content of material after osmotic dehydration were meas-
ured by thermogravimetric method (Službeni list, 1987). 

Calculation of the mean values of moisture content in slices 
before convective drying and measurements of changes in halves 
mass on trays during convective drying are used for calculation 
of the mean moisture content of the material on the dry basis for 
the observed point in time on the basis of the following formula 
(Pavkov et al., 2010): 
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was calculated on the basis of the following formula (Pavkov et 
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The calculated values are presented graphically in the form 
of kinetic curves of drying, as well as kinetic curves of the mean 
drying rate (Δωι

s/Δτ) for the period of 23 hours. Kinetic curves 
are presented in the form of summary diagrams, where the 
curves of experimental units that were dried at the same drying 
air temperature are presented together. Verifying the impact of 
pre-treatment, as well as factors of convective drying, on kinet-
ics of convective drying was carried out by the statistical method 
of dispersion analysis of three-factor experiment. To calculate 
the impact criterion (F-value) the calculated values of the inte-
gral value of drying rate for 23 hours were used. Processing of 
statistical data was performed using the computer program Sta-
tistica 10.0 (SatSoft, 2011). 

RESULTS AND DISCUSSION 
The results of dispersion analysis of three-factor experiment 

are shown in Table 2. For the statistical probability of 99%, it 
was determined that there are statistically significant differences 
between a pre-treatment and the levels of the drying air tempera-
ture (F>Fcrit) compared with the kinetics of convective drying. 

The selected levels of air drying velocity in front of the layer of 
material as well as the interaction of all factors are less important 
for the kinetics of convective drying. 

 

Table 2. Results of dispersion analysis of three-factor ex-
periment for statistical probability 99% 

Source of variation Sum of 
squares Mean square F p-value Fcrit

Pre-treatment 0.003911 0.003911 42.96 0.000007 6.931
Drying air tem-
perature  0.003777 0.003777 41.49 0.000008 6.931

Velocity of drying 
air  0.000124 0.000124 1.363 0.260132 6.931

Interaction: Pre-
treatment * Veloc-
ity of drying air 

0.000270 0.000270 2.967 0.104274 6.9311

Interaction: Pre-
treatment * Drying 
air temperature 

0.000043 0.000043 0.474 0.500955 6.9311

Interaction: Drying 
air temperature * 
Velocity of drying 
air 

0.000004 0.000004 0.042 0.839722 6.9311

Interaction: Pre-
treatment *  Drying
air temperature * 
Velocity of drying 
air 

0.000008 0.000008 0.089 0.768772 6.9311

Error 0.001456 0.000091    
 

Analysis of the results will be made on the basis of convec-
tive drying kinematic curves. Kinetic curves are formed on the 
basis of average values of measurement results of three repeti-
tions at the same level of factors. Analysis of the kinetic curves 
helps the data from table 3.  

Average measured air temperature for drying in front of the 
layers of material (Table 3), was approximately equal to the set 
design of experiment for all of experimental units. The measured 
mean absolute humidity, which was measured every 60 seconds 
during 23 hours, varies slightly between experiments. The initial 
values moisture content of nectarine halves on dry base depend 
on the applied pretreatment. The highest value of dried nectar-
ines halves with no pretreatment. The dimensions and volume of 
the nectarine halves in the same pre-treatment are the approx 
same, and between the different pretreatments are different. 

 
 
 
 

Table 3. Average values of measured physical properties of the  nectarine halves and air properties during the convective drying  
 

Pre-
treatment 

Air  
temperature 

for convective 
drying 
t [oC] 

Air  
velocity for 
drying  in 

the front of 
material 
v [m/s] 

Absolute 
air  

humidity 
x1 [kg/kg] 

Moisture  
content 
ωs of  

nectarine halves
at the  
τ = 0h 

[kgw/kgdm] 

Moisture 
content 

ωs of nectar-
ine halves 

at the  
τ = 23h 

[kgw/kgdm] 

Total re-
duce of 

moisture 
content  

Δωs 

[kgw/kgdm]

Volume of 
nectarine 

halves 
at the  
τ= 0h 

V(0) [cm3] 

Length of 
nectarine 

halves 
at the  
τ = 0h 

a(0) [mm] 

Width of 
nectarine 

halves 
at the  
τ = 0h 

b(0) [mm]

Thickness 
of nectar-
ine halves 

at the 
τ = 0h 

c(0) [mm] 

40 (40,50) 1.0 0.0120 3.13 1.220 1.910 36.80 55.96 51.93 24.50 
40 (40,58) 1.5 0.0116 3.25 1.130 2.120 36.37 54.36 52.66 24.03 
60 (60,58) 1.0 0.0116 3.20 0.534 2.660 37.08 54.76 53.03 24.93 

1 
tr = 40oC,  

Cr = 50oBx 
60 (60,48) 1.5 0.0110 3.23 0.430 2.807 36.98 55.60 53.63 24.73 
40 (40,23) 1.0 0.0132 2.25 0.691 1.560 28.80 50.18 47.92 21.01 
40 (40,08) 1.5 0.0119 2.29 0.693 1.600 27.05 49.50 46.31 20.59 
60 (60,27) 1.0 0.0141 2.35 0.374 1.980 31.79 53.02 49.52 22.35 

2 
tr = 60oC,  

Cr = 65oBx 
60 (59,74) 1.5 0.0155 2.32 0.298 2.031 30.26 53.51 48.57 22.60 
40 (39,96) 1.0 0.0103 4.50 1.400 3.100 41.43 55.19 54.23 26.13 
40 (39,74) 1.5 0.0095 4.55 1.250 3.300 39.97 54.04 52.74 25.55 
60 (60,16) 1.0 0.0108 4.76 0.403 4.360 39.60 54.34 53.10 27.70 

Without 
pre-

treatment 
60 (59,63) 1.5 0.0107 4.55 0.272 4.280 42.17 56.24 54.17 25.65 
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Figures 1 and 2 present summary diagrams of the kinetic 
curves of the changes of mean moisture content (ωs) depending 
on time (τ) during convective drying for air temperatures 40oC 
(Fig. 1) and 60oC (Fig. 2), pre-treatments 1, 2 and 3 and air ve-
locity in front of the layer of material 1 m/s and 1.5 m/s. 
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Fig. 1. The values of the mean moisture content of nectarines 

halves (ωs) over time (τ) with convective drying – air tempera-
ture 60oC, pre-treatments 1, 2 and 3, drying air velocity in front 

of the layer of material 1.0 m/s and 1.5 m/s. 
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Fig. 2. The values of the mean moisture content of nectarines 

halves (ωs) over time (τ) with convective drying – air tempera-
ture 40oC, pre-treatments 1, 2 and 3, drying air velocity in front 

of the layer of material 1.0 m/s and 1.5 m/s. 
 

Analysis of the kinetic curves of the change of mean mois-
ture content (ωs) in the necatine halves, for 23 hours of convec-
tive drying proves that the reduction of the mean moisture con-
tent is a non-linear process. By comparing the curves in terms of 
the pre-treatment used, it is evident that the greatest reduction of 
the mean moisture content after 24 hours of drying is detected 
for the samples dried without the pre-treatment, then the samples 
dried with the pre-treatment 1 (cr = 50oBx, tr = 40oC), while the 
least reduction is detected with pre-treatment 2 (cr = 65oBx, tr = 
60oC). At the drying air temperature of 60 oC, the differences in 
the final moisture content are more prominent among all the 
three pre-treatments. At the lower drying air temperature of 
40oC, the differences in the final moisture content are less 
prominent, especially between the applied pre-treatments 1 and 
2. By comparing the curves in terms of drying air temperature 
within the same pre-treatement, it is evident that the greatest re-
duction of the mean moisture content after 23 hours of drying is 
detected with the samples dried at higher air temperatures. The 
greatest moisture content reduction after 24 hours of drying was 
observed with the samples dried without any previous pre-
treatment at the temperature of 60oC and air velocity in front of 
the layer 1.5 m/s. 

Figures 3 and 4 present diagrams of kinetic curves of drying 
rate (Δω/Δτ) depending on time (τ) during convective drying for 
air temperatures 60oC (Fig. 3) and 40oC (Fig. 4), pre-treatments 
1, 2 and 3, and  air velocity in front of the layer of material 1.0 
m/s and 1.5 m/s. 

Analysis of the kinetic curves of drying rate shows that there 
are two prominent drying periods with all the combinations of 
factors. The first period is characterized by increasing drying 
rate and reaching the maximal rate of evaporation of water 
molecules from the material. This period lasts during the first 60 
minutes of the process. Reaching the maximal rate of evapora-
tion of water molecules in this period occurs as a result of in-
creased concentration of the capillary surface-bound moisture, 
which mainly evaporates on the surface of the material, there is 
no dry zone of the material. By evaporation of the surface-bound 
moisture, the drying rate decreases and enters the second period. 
In this period the drying rate gradually decreases due to receding 
of evaporation front inside the material, so a dry layer starts 
forming. After removing physically and mechanically bound 
moisture there is a phase change of various forms of physically 
and chemically bound moisture. 

The same periods of convective drying where notice authors 
Vega-Galvez, A. et al. (2008) for convective drying apples in the 
shape of thickens discs and Guine, R. and Castro, J. (2002) for 
convective drying of pear in the shape of whole fruit. 

By comparing the curves of the mean drying rate from the 
first period of drying, in terms of the pre-treatment used, it can 
be observed that the greatest drying rate in the first period of 
drying is achieved by the samples dried without any pre-
treatment, followed by the samples with the pre-treatment 1 (cr = 
50oBx, tr = 40oC), while the lowest drying rate is determined 
with the pre-treatment 2 (cr = 65oBx, tr = 60oC). This tendency is 
due to different initial moisture content of slices, where the sam-
ples dried without a pre-treatment are the moistest, followed by 
the samples dried with the pre-treatment 1 and pre-treatment 2. 
Higher level of moisture content of slices results in higher con-
tent of surface-bound moisture and capillary-bound moisture 
with the moister samples.  

In these samples is the greater difference between the partial 
pressure of water molecules on the surface of the material and 
the partial pressure of water molecules in moist air. This affects 
the higher value of a transfer coefficient of water molecules from 
the surface into the surrounding air, that is, faster evaporation. 
Intense decrease in moisture of these samples causes the inten-
sive reduction of differences between the partial pressure of wa-
ter molecules on the surface of the material and in moist air dur-
ing the process. The differences in drying rates of the samples 
between different pretreatments during the process are reduced. 
Differences become equalized for the samples dried with higher 
air temperature and higher speed of air in front of the material 
layer (Figure 3 and 4).  

Solute which is come in to the fruit tissue during osmotic de-
hydration due impact on reducing the effective diffusion coeffi-
cient of moisture during convective drying to final moisture con-
tent, pre-treatment 1 and 2 As the concentration of solute in the 
tissue of fruits lowers the effective diffusion coefficient of mois-
ture which leads to slowing drying. The same results about the 
influence of osmotic pretreatment on the kinetics of convective 
drying announced: Azoubel, M., Patricia et al., 2009; Guine, R., 
P., F., 2006; Park, K., J. et al., 2002; Korsilabut, J. et al., 2010; 
Riva, M. et al., 2005; Sankat, C., K. et al., 1996; Singh, B. and 
Gupta, A., K., 2007.  

The impact of the selected drying air temperature levels on 
the kinetics is evident on the presented figures. By dispersion 
analysis it was determined that there is no statistically significant 
difference of the impact of different levels of air velocity in front 
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of the layers of material on the kinetics. However, this result 
should be carefully interpreted. By careful analysis of the pre-
sented diagrams slight influence of the selected levels of air ve-
locity on kinetics can be observed, but it is less prominent than 
the selected pre-treatments and drying air temperatures. This re-
sult is caused by small difference in the selected levels of veloc-
ity of drying air in front of the layers of material as well as by 
the differences in dimensions and volume of halves used for the 
experiments. It is very difficult to provide a large number of 
halves in the natural form which are of the completely same di-
mensions and volume. 
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Fig. 3 Kinetic curves of drying rate (Δω/Δτ) over time (τ) during 
convective drying with air temperature 60oC, pre-treatments 1, 2 

and 3, and air velocity in front of the layer of material 1.0 m/s 
and 1.5 m/s. 
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Fig. 4 Kinetic curves of drying rate (Δω/Δτ) over time (τ) during 
convective drying with air temperature 40oC, pre-treatments 1, 2 

and 3, and air velocity in front of the layer of material 1.0 m/s 
and 1.5 m/s. 
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Fig. 5. Depending average drying velocity (Δωs/Δτ)from mois-
ture content  on dry basis (ωs) with air temperature 60oC, pre-
treatments 1, 2 and 3, and air velocity in front of the layer of 

material 1.0 m/s and 1.5 m/s. 

Figure 5 shows the dependence of the mean velocity of dry-
ing (Δωs/Δτ) on mean moisture of nectarine halves in relation to 
dry base (ωs) for air drying temperature in front of the layer of 
material at 60°C, air velocity in front of the material layer 1 and 
1.5 m / s, pretreatments of 1, 2 and without pretreatments. The 
influence of selected levels of the drying air temperature on the 
kinetics is clearly visible in the images shown. With the disper-
sion analysis it was estimated that there were no statistically sig-
nificant influences of the chosen level of air velocity in front of 
the layer of material on the kinetics. Careful analysis of the dis-
played diagrams, particularly Figure 5, shows that effects of se-
lected levels of the drying rate on the kinetics are visible when 
compared with drying rate at the same moisture content of mate-
rials. Below the nectarine halves moisture content of 0.3 kgsm / 
kgsm (0.235 kgw / kg) there is no effect of selected levels of air 
velocity in front of the layer of material on the speed of drying. 
Similar results on the impact of the air drying velocity in front of 
the layer of material were concluded by Park, K., J. et al. (2002) 
for drying of pear cubes and Togrul, I., I. and Pehlivan, D. 
(2003) and for drying apricots. 

Figure 6 shows the dependence of temperature of nectarine 
halves (tm) measured at a depth of about 5 mm from the top sur-
face on humidity (ω s) for air temperature of drying in front of 
the layer of material at 60 ° C, air velocity in front of the layer of 
material 1 and 1.5  m / s , pretreatment of 1, 2 and without pre-
treatment. From the diagram, it is evident that at the same mois-
ture content of materials there is a difference in the temperature 
of materials depending on the used pretreatment. The lower tem-
perature of materials can be achieved with nectarine halves pre-
viously prepared with pretreatments 1 and 2.  
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Fig. 6. Nectarines halves  temperature depending on the mois-
ture content for the pre-treatments 1, 2 and 3, with drying air 

temperature 60oC and drying air velocity 1 m/s 
 

Smaller sized nectarine halves previously dried with osmotic 
pre-treatments 1 and 2 (Table 3) provide a shorter path for the 
diffusion of water molecules to the surface exchange, which also 
further affects the faster formation of a homogeneous field of 
moisture. Front of water evaporation stays longer in the surface 
layers of the cell halves, therefore more slowly spreads to the 
inner layers. Accordingly, tissue temperature at a depth of 5 mm 
is growing more slowly (tm) in nectarine tissue previously dried 
by osmotically dehydrated tissues without pretreatment. Drying 
of surface layers of cells is less. Upon completion of convective 
drying, during the maturing of materials the tissue layers are 
more easily and faster redehydrated and form a more uniform 
field of moisture. The hardness of the tissue is less prominent 
(Radojčin et al., 2011). Volume of tissue and its porosity are lar-
ger than that of tissue dried without osmotic drying at the same 
humidity.  



Pavkov et al. / Effects of Osmotic Pre-Treatment on Convective Drying Kinetics of Nectarines Halves (Pyrus Persica L.) 

222 Journal on Processing and Energy in Agriculture 15 (2011) 4 

The temperature of material, i.e. its surface and the air drying 
temperature tend to equalise, and in their equalising equilibrium 
moisture content of material is achieved. By analysing the slope 
of the curve with the pre-treatment 2, a larger slope is detected. 
Such tendency of the curve indicates that the material treated 
with the pre-treatment 2 has the tendency to achieve the equilib-
rium moisture content of material earlier. Increasing of the share 
of adsorption-bound moisture in pear flesh increases the values 
of equilibrium moisture content of material, i.e. reduces the val-
ues of water activities, which was also noted by the authors 
Azoubel, Patricia et al, (2009) and Pavkov et al., (2010). Higher 
values of equilibrium moisture content reduce the total time of 
convective drying for the materials previously prepared by os-
motic dehydration. Consequently, the negative effects of osmotic 
pre-treatment on the kinetics of convective drying are minimised 
in terms of the total time of duration of the drying process. 

CONCLUSION 
On the basis of the results of convective drying measure-

ments, the analysis on the effects of pre-treatment, drying air 
temperature and drying air velocity in front of the layer of mate-
rial on convective drying kinetics of cultivar “Fantasia” nectar-
ines halves was performed. According to the results of disper-
sion analysis it was determined that the applied pre-treatments 
and the selected drying air temperatures influence kinetics. The 
selected levels of air velocity in front of the layer of material 
within the examined range, as well as the mutual interaction of 
factors, have less influence on kinetics. Careful analysis of the 
presented diagrams show slight influence of the selected levels 
of drying rate on kinetics, but it is less prominent. With the in-
crease of drying air temperature and air velocity in front of the 
layer of material, drying rate increases, as well. Smaller sized 
nectarine halves previously dried with osmotic pre-treatments 1 
and 2 provide a shorter path for the diffusion of water molecules 
to the surface exchange, which also further affects the faster 
formation of a homogeneous field of moisture. Front of water 
evaporation stays longer in the surface layers of the cell halves, 
therefore more slowly spreads to the inner layers. Accordingly, 
tissue temperature at a depth of 5 mm is growing more slowly in 
nectarine tissue previously dried by osmotically dehydrated tis-
sues without pretreatment. Drying of surface layers of cells is 
less. Upon completion of convective drying, during the maturing 
of materials the tissue layers are more easily and faster redehy-
drated and form a more uniform field of moisture. 
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