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ABSTRACT 
Quince fruit is characterized by pleasant smell, taste and ability of long-term storage. However, beside these good characteris-

tics, the high quality of hardness and firmness of the fruit influences the decrease in its usage in the fresh state. Drying process is not 
a regular method in processing this type of fruit. Combined drying is a method developed at the Faculty of Agriculture in Novi Sad 
and it consists of osmotic and convective drying. Disadvantages of the product got from convective drying only are eliminated with 
this method. The experiment tested the influence of osmotic drying on the force of rupture and quince color. Osmotic drying was done 
with the following combinations of temperature and concentration of sucrose solution in water: 40oC i 50oBx, 60oC i 50oBx, 40oC i 
65oBx i 60oC i 65oBx. The convective drying of the samples was uniformly done by air drying at the temperature of 400C for 20 hours. 
Osmotic drying time was 180 minutes. Every 20 minutes samples were taken for the measurement of color, force of rupture and mois-
ture. Sample testing by pressure was used for the analysis of rupture force of the quince. During osmotic drying on the samples, test 
was done on the samples of approximate size 10x10x10 mm. After convective drying, the same test was done on the samples with the 
original dimensions of 15x15x15 mm. The measuring instrument used in testing rupture force was TMS-PRO (Food Technology Co-
orporation - USA). Color measurement was performed by Konica Minolta colorimeter CR-400. CIE Lab values were used for color 
parameters. The change in color is defined by overall change in size of ΔE. With the analysis it was determined that the concentra-
tion of osmotic solution is an important factor in rupture force of the quince samples. The concentration of osmotic solution, has also 
shown an important influence on the changes in quince color. The collected results have been statistically processed in software Sta-
tistica 9.1. 
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REZIME 
Plod dunje karakteriše prijatan miris, ukus i mogućnost dugotrajnog skladištenja. Međutim, pored dobrih osobina, visoke vred-

nosti tvrdoće i čvrstoće ploda dunje utiču na smanjenje obima njene upotrebe u svežem stanju. Sušenje nije uobičajen postupak pre-
rade ove voćne vrste. Kombinovano sušenje koje se razvija na Poljoprivrednom fakultetu u Novom Sadu, sastoji se od osmotskog i 
konvektivnog. Ovim postupkom sušenja otklanjaju se nedostaci proizvoda koji se dobija samo konvektivnim sušenjem dunje.  

U eksperimentu je ispitivan uticaj osmotskog sušenja na silu razaranja i boju dunje. Osmotsko sušenje obavljeno je pri sledećim 
kombinacijama temperature i koncentracije rastvora saharoze u vodi: 40oC i 50oBx, 60oC i 50oBx, 40oC i 65oBx i 60oC i 65oBx. 
Konvektivno sušenje uzoraka obavljeno je uniformno zagrejanim vazduhom temperature 400C, u trajanju od 20 časova. Osmotsko 
sušenje trajalo je 180 minuta. Svakih 20 minuta uzimani su uzorci za merenje boje, sile razaranja i vlažnosti. Ispitivanje uzoraka 
pritiskom upotrebljeno je za analizu sile razaranja dunje. Test je tokom osmotskog sušenja izveden na uzorcima dimenzija približno 
10x10x10 mm. Nakon konvektivnog sušenja isti test obavljen je na uzorcima čije su prvobitne dimenzije bile 15x15x15 mm. Za 
ispitivanje sile razaranja korišćen je merni instrument TMS-PRO (Food Technology Coorporation - USA). Merenje boje obavljeno je 
trifilterskim kolorimetrom Konica Minolta CR-400. CIE Lab vrednosti korišćene su za vrednovanje boje. Promena boje definisana je 
ukupnom promenom veličine ΔE. Analizom varijanse utvrđeno je da koncentracija osmotskog rastvora predstavlja uticajan faktor na 
silu potrebnu za razaranje uzoraka dunje. Koncentracija osmotskog rastvora, takođe se pokazala kao uticajan faktor na promenu 
boje dunje. Dobijeni podaci statistički su obrađeni u softveru Statistica 9.1. 

Ključne reči: dunja, osmotsko sušenje, sila razaranja, boja. 
 

INTRODUCTION 
Quince is a fruit that is rarely used in its fresh state , more of-

ten it can be found in the production of compotes, jelly, jam and 
juice. Reasons for this are its taste, chemical composition and 
mechanical properties. It tastes bitter and sour because of the 
higher content of tannin and stronger firmness with lots of stone 
cells. Quince fruit is rich with pectins, carbonhydrates, tannins, 
carotenes, vitamin C and other substances (Martinić, Evica, 
2010). It is characterized by a very pleasant smell. Further de-
velopment and improvement in the method of processing the 
fruit is conditioned by these characteristics. One type od process-
ing which is developed at the Faculty of Agriculture in Novi Sad 
is the combined drying of quince. This technology consists of  
osmotic and convective drying. The advantages of combined 
drying, apart from the improvement of mechanical properties, 

are reflected in preserving the quality of dried fruit (color, flavor, 
aroma and taste), prolonged periods of storage with higher final 
moisture and shorter drying to final moisture content (Babić, 
Ljiljana and Babić, M., 2003). During the drying process the 
physical properties of materials change. These changes can 
cause lower quality of the final product. The aim of the im-
provement of every technological method in food processing is 
to preserve the quality of the product by controlling these 
changes. Drying of food products is one of the most widely used 
methods of protecting and preserving the food stability (Mayor 
and Sereno, 2004). But, during the drying process material is 
exposed to higher temperatures which can have negative influ-
ence on the quality (Barreiro et al, 1997; Lozano and Ibarz, 
1997; Avila and Silva, 1999; Ibarz et al, 1999). However, ac-
cording to some authors, osmotic drying reduces these changes 
preventing enzymatic activity which causes tanning. One of the 
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first indicators of the product quality is its color. Color is what 
the buyer sees and the  base for the acceptability of the product. 
Change of the fruit color may be due to chemical, biochemical 
and physico-chemical mechanisms: degradation of cells, changes 
of natural pigments (chlorophylls, carotenoids and anthocyanins) 
and development of enzymatic browning.  Today color can be 
measured by instruments called colorimeters and spectropho-
tometers (Konica Minolta). The most practical and most success-
ful techniques for nondestructive evaluation of the fruit quality 
are based on optical characteristics of the fruit, color and physi-
cal appearance. Optical fruit characteristics have been studied 
for a long time (Birth and Olsen, 1964; Worthington et al, 1976; 
Nattuvetty and Chen, 1980; Dull and Birth, 1989; Chen and Sun, 
1991; Felfoldi et al., 1995). Mechanical characteristics of bio-
materials are tested with similar mechanical materials (Babić, 
M., and Babić, Ljiljana, 2007). High quality of firmness is one 
of the main disadventages of quince. Because of this, its usage is 
directed towards processing. Based on the research conducted at 
the Faculty of Agriculture in Novi Sad, we have concluded that 
with osmotic dehidration of the quince as a part of combined 
drying we get the final product with positive mechanical proper-
ties (Babić et al, 2008). Exposure of the fruit to the moderately 
elevated temperature leads to degradation of certain substances 
within the cell which influences the changes in its structure. 
Changes in the structure of the cell change the firmness of fruit 
tissue. Higher concentration of osmotic solution accelerates the 
transfer of water molecules from the fruit in a solution. Water 
loss in the cell leads to the firmness reduction of the plant tissue. 
The aim of this paper was to test the influence of the temperature 
and the concentration of osmotic solution on the changes in color 
and force neccessary for sample rupture of the quince. 

Nomenclature: 
L* - color parameter- brightness 
a* - color parameter – red and green 
b* - color parameter – yellow and blue 
Lo* - initial value of color parameter - brightness 
ao* - initial value of color parameter – red and green 
bo* - initial value of color parameter – yellow and blue 
XYZ - color parameters 
ΔE*ab - total color change  
C* - color chromaticity 
t(C0) - temperature 
F - value of rupture force at the end of osmotic drying 
Fo - value of rupture force at the beginning of osmotic 

drying 
ΔF - difference between the value of rupture forces at the 

beginning and end of osmotic drying 
„r“ - point of rupture 

MATERIAL AND METHOD 
A variety of quince leskovačka was used in the experiment. 

This variety is characterized by pleasant smell and taste. On the 
basis of previous research results have proved to be satisfactory 
for drying when it comes to shape and dimensions. These prop-
erties also provide satisfactory shape and dimensions of the final 
product (Radojčin et al., 2010). The values of color measure-
ment on the surface of the samples color can be considered non-
objective because it is not possible to capture the same area by 
colorimeter (Magdić and Dobričević, 2007). Color measurement 
on the same samples 15x15x15 mm enabled that possibility. 
During this experiment the measurement was carried out on the 
same area. Before each measurement the excess of osmotic solu-
tion was removed from the samples. Samples were formed by a 

quarter of quince, which were treated with sulfur dioxide. Color 
measurement was performed by Konica Minolta colorimeter 
CR-400. The working principle of this colorimeter is based on 
the trichromatic theory. The measured value of the colors during 
osmotic drying is shown in the CIE L*a*b* color system (Kon-
ica Minolta). In this three-coordinate system L* indicates light-
ness (brightness, light), a negative value a* is green, and positive 
a* is red. Negative b* is yellow, a positive b* is blue (Alvarez-
Fernandez, 2003). For presentation of color change the value 
ΔE*ab is used. ΔE*ab is the total color change. The difference 
between the colors at the beginning and at the end of the experi-
ment. The total change in color is (Konica Minolta): 

 

( ) ( ) ( )222* ∗∗∗∗∗∗ −+−+−=Δ bbaaLLаbE ooo  (1) 
 

where: Lo*, ao* bo* is the initial value of fresh fruit samples, 
and L*, a*, b* are values after osmotic drying.  

On the samples used for color measurement during osmotic 
drying, the color was measured after convective drying, too. 

The samples on which the measurement of rupture force was 
conducted were cut into quince quarters every 20 minutes during 
osmotic drying. Cutting was done by special tools made for this 
purpose. That is how samples obtained approximately the same 
size 10x10x10 mm. Since the anisotropy is the property of bio-
materials, each sample was tested in the same direction (fig. 1). 
That way the influence of  anisotropy on the results of the ex-
periment  is avoided. The measurement of rupture force was car-
ried out by the measuring instrument TMS-PRO Texture ana-
lyzer (Food Technology Coorporation - USA). The speed of a 
pressing plate was 30 mm/min. Measurement was limited by the 
maximum force of 150 N. At no point did the measurement ex-
ceed the maximum force. Three samples were tested every 20 
minutes. The average moisture content of fresh quince was about 
80%.  

 

 
 

Fig. 1. Cut quince cubes to measure the forces of rupture 
 
The device used for measuring the forces of rupture has a 

lower plate which is fixed and one upper plate that is movable. 
The samples are placed on the the lower fixed plate. The upper 
movable plate presses the sample. Device management is per-
formed by using the software accompanying it, TMS-PRO Soft-
ware. The results of each test are shown diagrammatically, as a 
force-dependence curve and a force-deformation curve (figure 
2). The force of rupture is a point marked as “r” in figure 2. That 
point on the curve is called “yield point”. By further pressuring 
the samples after the “r” point leads to a sudden decrease in the 
value of force. This point on the diagram represents the begin-
ning of the disintegration of plant tissue. Since the aim of this 
study was to determine the influence of osmotic drying parame-
ters on force of rupture, the difference between the values of 
force of destruction of the sample at the beginning and end of the 
osmotic drying is calculated: 

 

ΔF = - (Fo – F) (2) 
 

where: Fo – value of rupture force at the beginning of drying, 
F – value of rupture force at the end of drying 
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After the convective drying, the force of rupture of the sam-
ples was measured too. The measurement was carried with the 
same equipment on the same device as well as during osmotic 
drying. On the curve force-deformation for samples tested after 
convective drying have no characteristic point denoting the end 
of elastic deformation, “yield point“. That is why, during the 
measurement, deformation of the samples is limited to 50%. 

 
 

Fig. 2. Force-deformation curve 
 

Maximum  force achieved during all that deformation repre-
sents the rupture force of quince samples. Osmotic drying was 
carried out in the originally projected osmotic drier (Babić et al, 
2005). Osmotic solution temperature was controlled at two lev-
els 400C i 600C. Initial concentration of solution was 500Bx and 
650Bx. The ratio of fruit weight and the solution was 1:12. Dry-
ing lasted for 180 minutes. After osmotic drying, convective dry-
ing was conducted in the drier with wattles (Babić, Ljiljana and 
Babić, M., 2000). Convective drying lasted for 20 hours on the 
air temperature of 40oC.  

The collected results have been statistically processed in 
software Statistica 9.1. 

RESULTS AND DISCUSSION 

Color parameters  
Changes in color parameters L*, a* i b* during osmotic drying 

are shown in figures 3, 4, 5 i 6. Figures show the values of these 
parameters in different conditions of osmotic drying. None of the 
experiments has recorded a significant change of the parameter 
L*.  
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Fig. 3. Change of color parameters with t = 40oC, c = 50oBx 

 

There has been just a smaller increase and dicrease of this 
value. There is no constant change in parameter L*. These minor 
changes can be attributed to the influence of other factors not 
included in the experiment. The value of this parameter varies in 
the range from 70 to 80. Osmotic drying provides the color of 
the final product very similar to fresh fruits, what was also con-
firmed by Rodrigues (2003). Parameter a*  has a negative value 
indicating the color green. This value is varied within the limits 
of -3 to -5. The constant growth of the parameter value b* was 
recorded in all experiments. This change is more intense towards 
the area of intensive and "cleaner" yellow color. 
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Fig. 4. Change of color parameters with t = 60oC, c = 50oBx 
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Fig. 5. Change of color parameters with t = 40oC, c = 65oBx 
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Fig. 6. Change of color parameters with t = 60oC, c = 65oBx 

Total color change ΔE*ab 
The total color change ΔE*ab is a parameter that is often 

used to evaluate color changes in fruit (Maskan, 2000; Chua, 
2002). In all the experiments the change in value ΔE*ab was 
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recorded. Figure 7 shows total color change during osmotic dry-
ing. Larger chnges ΔE*ab value were measured at the solution 
concentration of 65oBx. During thermal processing of fruit, 
some chemical reactions occur which result in the formation of 
compounds that have a brown color. All those chemical reac-
tions which primarily affect the color are known as browning. 
However, less moisture in the product is favorable for  the pro-
gress of the tanning process. This could explain the biger total 
color change in the experiments conducted with biger solution 
concentration.  

Analysis of variance confirmed the influence of osmotic so-
lution concentration on the color change (P<0,05).  
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Fig. 7. Total color change during osmotic drying 

 

In figure 8 the results of total color change after osmotic and 
convective drying are shown. The biggest difference was meas-
ured at the lowest concentration and temperature, and the 
smalles difference was at the highest concentration and tempera-
ture. This difference decreases with increasing temperature and 
concentration. This result suggests that elevated temperature and 
concentration of osmotic solution affect the preservation of color 
during convective drying of fruits. Significant color changes of-
ten occur during convective drying (Krokida et al., 1998).  

15,78

20,64

17,47

6,37

10,16

15,86
14,5115,06

0,00

5,00

10,00

15,00

20,00

25,00

40oC; 50oBx 60oC; 50oBx 40oC; 65oBx 60oC; 65oBx

To
ta

l c
ol

or
 c

ha
ng

e 
Δ

E
*a

b

After OD

After CD

 
Fig. 8. Total color change after osmotic and convective drying 

The forces of rupture 
Mechanical properties of fruit tissue depend on chemical and 

biological changes in cells that may occur during different fruit 
processing procedures. The consequence of these changes is the 
loss of water in the cell. Loss of water decreases cell pressure, 
which combined with the composition of the cell determines 
highly elastic properties of biomaterials (Mohsenin, 1980). 
Changes in the value of rupture forces after osmotic drying are 
presented in figure 9. Among all four experiments the difference 
in power was measured for about 5 N (fig. 9). The greatest re-
duction in force was measured for the concentration of the solu-
tion of 65oBx and temperature of 60oC. Increasing temperature 

and concentration of osmotic solution accelerates the transfer of 
water from the fruit in the solution and reduces the cell pressure. 
As a result, the strength of plant tissue is reduced. Analysis of 
variance confirmed the influence of solution concentration on 
the change in strength of quince. Influence of osmotic solution 
temperature on the strength of quince was not statistically con-
firmed (P<0.05).  

 
Fig. 9. Value of rupture forces after osmotic drying 

 

Figure 10 shows the measured values of rupture forces of 
quince after osmotic and convective drying. The regularity of 
changes of the measured strength during osmotic drying does not 
exist after convective drying. Based on the measured quince val-
ues of strength after convective drying, we can not talk about the 
impact of osmotic drying parameters to force of rupture. Analy-
sis of variance have confirmed it. There is no effect of tempera-
ture and solution concentration to the rupture force of quince af-
ter the convective drying(P<0.05). However, the smallest differ-
ence in changes between the values of force after osmotic and 
convective drying, was observed at the highest temperature and 
osmotic solution concentration. This result shows the positive 
impact of increased temperature and concentration on the change 
of mechanical properties of quince.  

 
Fig. 10. Values of rupture forces after osmotic and convective 

drying 

CONCLUSION 
Measurement of the color and the rupture force of the quince 

was carried out during the osmotic and after convective drying. 
Osmotic drying was performed with the following parameters of 
osmotic solution: 40oC i 50oBx, 60oC i 50oBx, 40oC i 65oBx i 
60oC i 65oBx. In all experiments, there has been a substantial 
growth in the value of parameter b*, yellow color. Values of the 
parameters L* i a* did not change significantly during the 180 
minutes of osmotic drying. The biggest difference in overall 
color change of samples after osmotic and convective drying 
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was  measured for the lowest concentration value and tempera-
ture of osmotic solution. The smallest difference was measured 
for the highest value of concentration and temperature of os-
motic solution. Based on this we can conclude that elevated con-
centration and temperature of osmotic solution affect the conser-
vation of color during the convective drying. Among all four ex-
periments ordered above the difference is noted in the force of 
rupture for about 5 N. However, these differences are small. 
Based on the measured strength after convective drying, we can 
not talk about the impact of osmotic drying parameters to the 
rupture force of quince after convective drying. However, the 
smallest difference in the change between the values of force 
after osmotic and convective drying, was measured at the highest 
temperature and osmotic solution concentration. This result indi-
cates the positive influence of higher values of temperature and 
concentration of osmotic solution on mechanical properties of 
dried quince. 
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