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ABSTRACT 
In this paper the effects of pretreatment on convective drying of pumpkin (Cucurbita maxima) at air temperature of 55 °C and    

65 °C was presended. Three series of blanching in hot water were performed, with the addition of vitamin C, 1 % (pretreatment I), 
potassiummetabisulfite, 0.3 % (II) and without additions (control sample). The moisture content in raw pumpkin was 89.13 %, while 
in dried material, moisture content ranged from 10.46 % to 18.25 %. Better preservation of pumpkin pieces was achieved by 
conduction drying at air temperature of 55 °C, which was proved by the rehydration degree, which achieved values of 93.08 % 
(pretreatment I), 79.95 % (II) and 96.23 % (control). The rehydration degree reached the following values at air temperature of      
65 °C: 65.16 %, 62.92 % and 70.82 %, for pretreatment I, II and control sample, respectively. The process of convective drying of 
pumpkin pieces can be described by the exponential model in the form y=y0+A1exp[-(x/t1)]. 
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REZIME 
Predtretman predstavlja postupak pripreme materijala za proces sušenja. Najčešće se vrši blanširanje potapanjem parčića 

materijala u vodeni rastvor sa različitim dodacima: limunska kiselina, vodonik peroksid, NaCl, saharoza, glukoza i skrobni sirup. U 
radu je istraživan uticaj pretretmana na konvektivno sušenje parčića ploda bundeve-pečenke (Cucurbita maxima) na temperaturama 
vazduha 55 i 65°C. Parčići bundeve su bili oblika kvadra, dimenzija 20x20x5 mm i oljušteni (bez kore). Blanširanje je vršeno u toploj 
destilovanoj vodi temperature 70°C za 3 minuta, sa i bez dodataka. Rađena su tri predtretmana, blanširanjem sa dodatkom 1% 
vitamina C (predtretman I), 0,3% kalijummetabisulfita (II) i bez dodataka (kontrola). Sadržaj vlage u sirovoj bundevi bio je 89,13%, 
a u osušenom materijalu od 10,46% do 18,25%. Kao mera kvaliteta sušenja korišćen je stepen rehidratacije osušenog materijala. 
Sušenjem na temperaturi vayduha od 55oC došlo je do boljeg očuvanja namirnice, što se pokazalo preko stepena rehidratacije, 93,08 
(predtretman I), 79,95 (II) i 96,23% (kontrola). Na temperaturi vazduha od 65oC rehidratacija je iznosila 65,16 (predtretman I), 
62,92 (II) i 70,82% (kontrola). Predtretman sa kalijumbisulfitom (II) doveo je do manje smežuranosti, ali i do slabijeg kvaliteta 
osušene bundeve. Proces konvektivnog sušenja bundeve može se opisati modelom eksponencijalne zavisnosti, oblika y=y0 + A1exp[-
(x/t1)]. Najbrži gubitak vlage pokazala je bundeva bez dodataka u predtretmanu. Ovo se objašnjava postojanošću materijala, jer je 
došlo do manjeg razaranja površinskog sloja bundeve i vezana voda je lakše difundovala ka površini. Rezultati rehidratacije pokazali 
su da postoji značajna zavisnost od temperature vazduha sa kojim se suši, a rehidratacija je izraženija kod sušenja bundeve na 
temperaturi vazduha od 55oC. 

Ključne reči: bundeva, sušenje, predtretman blanširanjem, rehidratacija. 

INTRODUCTION 
The drying treatment is one of the oldest preserving method 

for food processing, which is used to extend the shelf life of 
food. The pretreatment is a process for preparation of material 
intended for drying. The most common blanching process is 
performed by dipping the material in an aqueous solution with 
various additions: citric acid, hydrogen peroxide, NaCl, sucrose, 
glucose and starch syrup (Hajduk and Surówka, 2005, Babić et 
al., 2011, Radojčin et al., 2013). Also as a pretreatment can be 
used and the ultrasonic waves (Schössler et al., 2012). 

Nomenclature: 

DR (%) - degree of rehydration water 
m (g) - mass of pumpkin pieces 
R2 - coefficient of determination, adjusted 
R-square 
Greek symbols 
χ2 - reduced chi square 
Subscripts 
Rp - rehydrated pumpkin pieces 
sp -mass of fresh (start) pumpkin pieces 

 
The drying process is achieved by the mass exchange and heat 

transfer between the material to be dried and of the environment, 
and within of the material. In fact, the drying proces was 
performed a sort of conservation, because it reduced the water 
activity and limited or significantly reduces the activity of the 
surface microflora. The drying process is affected by many 
factors: air temperature, velocity and pressure of the drying 
agent, geometry of materials, structure and biochemical 
composition of the material, pretreatment of materials, 
relationship of moisture and materials (Pavkov et al., 2009). The 
air temperature showed to be the most influential variable for 
moisture change during the drying proces (Krokida et al., 2003). 
The pumpkin contains carotenoids, vitamins B1, B6, C and E and 
minerals Ca, Mg, K, Na, Fe, Zn, Cu, Se, a high amino acid 
content (Caili et al., 2007). 

MATERIAL AND METHOD 

In this paper the influence of pretreatment in the drying 
pumpkin (Cucurbita maxima) variety in Jablanica District, in the 
South of Serbia, is presented. The changes of moisture content 
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and the fast tissue temperature increase it caused by straining in 
the internal structure of material, which can lead to a decrease in 
the size of and shrinkage, for drying pumpkin pieces (Mayor et 
al., 2004). Previously investigated, influence of pretreatments on 
the drying of the carrots, raspberries and pear (Mitić et al., 2007; 
2008, Pavkov et al., 2009). 

The fruit of pumpkin (Cucurbita maxima) is thoroughly 
washed to remove the dirt. The pumpkin was cutted, peeled the 
crust and cut into pieces with of 20 mm length, 20 mm width 
and 5 mm thickness, pieces were allowed on a plate. Blanching 
of pieces was performed by immersion in distilled water at 
temperature 70 °C for 3 minutes, with and without additions. 
Were made three pretreatments, blanching in hot water with 
added vitamin C, 1 % (pretreatment I), potassiummetabisulfite, 
0.3 % (II) and without additions (control sample). After 
blanched the pieces were left on a platter 2 min to remove the 
excess water. Drying process was performed with 500 g per 
pretreatments. The measured the mass of empty frames, and 
during the drying mass frames together with pumpkin pieces. 
Mass of frames with pumpkin pieces were measured every 15 
minutes, by having frames take from the dryer, measured and 
returned back to dryer. The convective drying of pumpkin pieces 
was performed at air temperature of 55 °C and 
65 °C, for 6 hours. The drying process was 
investigated in an experimental convectional 
drier, with the internal dimensions 
150x250x1000 mm. The air is heated with 
calorifer (SOGO MODEL: NSB-200C, 
2x1000W, 220V). Measurements were 
performed with analytical balance 
(GORENJE KT 05 NE) accuracy of 
measurements 0.0001 g and the technical 
balance (EKS-DM) accuracy of 
measurements 0.2 g. To obtain initial 
moisture content of pumpkin, samples was 
dried in an oven at 105 °C until constant weight, about for three 
hours. For all calculations are provided the mean value of three 
measurements. 

Rehydration process 
As a measure of the quality of drying was used 

degree of rehydration of the dried material. The 
rehydration may be regarded as a measure of damages to 
material caused by a dehydration process. In order to 
study the rehydration process, the pieces of the dried 
pumpkin were immersed in distilled water (ratio 1:50 
pumpkin/water) for 24 hours. The air temperatures 
analyzed were 25 °C in atmospheric pressure. Triplicate 
samples were used for test. Ability of rehydration or 
capabilities of water absorption shows degree of increase 
the mass of the product. The degree of rehydration water 
is calculated by the equation (1): 

 
DR = mrp/msp (%) (1) 
 
Where are: mrp- mass of rehydrated pumpkin pieces 

(g), msp- mass of fresh pumpkin pieces (g). 
The rehydration of the dried plant tissue is composed 

of three simultaneous processes: water absorption, 
swelling and wetting due to the dissolution (Lewicki, 
1998). The air temperature increment increases the rate 
of rehydration of the dried pumpkin pieses (Krokida and 
Marinos-Kouris, 2003). 

 

RESULTS AND DISCUSSION 

The moisture content in raw pumpkin was 89.13 %, while 
the moisture content ranged from 10.46 % to 18.25 % during the 
drying process at air temperature of 55 °C in dried material, 
figure 1. During drying in air temperature of 55 °C there was a 
better preservation of materials, which proved to be of degree of 
rehydration, 93.08 % (pretreatment I), 79.9 5% (II) and 96.23 % 
(control sample). 

The rehydration degree, after drying process at air 
temperature of 65 °C was 65.16 % (for pretreatment I), 62.92 % 
(II) and 70.82 % (control sample). Pretreatment with 
potassiumbisulfite led to less recovery, but also to the worse 
quality of dried pumpkin pieces. 

The process of convective drying of the material can be 
described by a model of exponential dependency of the form 
y=y0 + A1exp[-(x/t1)]. Several drying models are available in the 
literature for explaining drying characteristics of fruits and 
vegetables (White et al., 1981; Doymaz, 2007; etc.). These 
models can be categorized as theoretical, semi-theoretical and 
empirical. The Newton model was found to the best, followed by 
Pages, Henderson and Pabis, etc. (Table 1). 

In Tables 2 and 3 are shown the values of the exponential 
model for drying at air temperature of 55 °C and 65 °C, 
respectively. Statistical analysis was performed using Origin 8.0 
(Origin Lab, USA). 

Table 1. Thin layer drying models 
No Model name Equation Reference 
1 Newton y=exp(-kt) Lewis (1921), Ayensu (1997) 
2 Page y=exp(-ktn) Page (1949), Karathanos (1999)
3 Modified Page y=exp(-kt)n White et al. (1981) 
4 Henderson and Pabis y=a exp(-kt) Henderson and Pabis (1961) 
5 Logarithmic y=a exp(-kt)+c Togrul and Pehlivan (2002) 
6 Two term model y=a exp(-k1t)+b exp(-k2t) Wang et al. (2007) 
7 Two-term exponential y=a exp(-kt)+(1-a)exp(-kat) Sacilik et al. (2006) 
8 Midilli and Kucuk y=a exp(-ktn)+bt Midilli and Kucuk (2002) 
9 Hii y=a exp(-ktn)+b exp(-gtn) Hii (2008) 

10 Wang and Singh Y=1+at+bt2 Wang and Singh (1978) 
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Fig. 1. Changes in moisture content during on the convective drying of 
pumpkin pieces at air temperature 55 °C 
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The fastest moisture loss has shown pumpkin without 

additions in the pretreatment. This is explained by the resistance 
of materials, as there is a small destruction of the surface layer of 
pumpkins and the bound water is easily was diffused to the 
surface. Drying fruit of a pumpkin at 65°C is significantly higher 
shrinkage, as compared to drying at 55 °C. Rehydration was 
more prominent for drying at 55 °C. Exponential equations were 
satisfactory applied to describe the drying of raw and pretreated 
pumpkin in sugar solution at 30 °C (Kowalska et al., 2008). 
Convective drying pumpkin blanched in pretreatment with 
vitamin C showed the best results in this paper. 

CONCLUSION 

In the paper was investigated the influence of pretreatment 
on the convective drying of pumpkin pieces (Cucurbita maxima) 
at air temperatures 55 °C and 65 °C. Made three series 
pretreatments, blanching in water temperature 70 °C for 3 
minutes, with added vitamin C, 1% (pretreatment I), 
potassiummetabisulfite, 0.3% (II) and without additions (control 
sample). 

The moisture content in raw pumpkin 
was 89.1 %, and in dried material ranged 
from 10.5 % to 18.2 %. The convective 
drying of a pumpkin pieces showed the 
highest values of rehydration, between 96.2 
to 70.8 %, respectively. In drying on the air 
temperature of 55 °C, for pretreatment with 
vitamin C there was a better preservation. In 
process of convective drying of the pumpkin 
can be described by a model of exponential 
equations y=y0+A1exp[-(x/t1)], gave good 
agreement of drying with the experimental 
results. The fastest moisture loss has shown 
pumpkin without additions in the 
pretreatment. Pretreatment with 
potassiumbisulfite led to less recovery, but 
also to the worse quality of dried pumpkin.  

Fastest loss of moisture was shown 
pumpkin pieces without additives in 
pretreatment. This explains the resistance of 

materials, since there is a small destruction of the surface 
layer of the pumpkin pieces and the water are attached to 
the surface more easily diffused. Results rehydration 
showed that there is a significant dependence on the 
drying temperature and rehydration is more typical of 
drying pumpkin pieces at air temperature 55 °C. 
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Fig. 2. Changes in moisture content during the convective drying 

 of pumpkin pieces at air temperature 65 °C 
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