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SUMMARY 
In this study, the influences of various pre-treatments on the drying kinetics and quality parameters of freeze-
dried sour cherry were investigated. Prior to freeze-drying, sour cherry was pre-treated by blanching in boiling 
water (100°C, 3 and 6 min), immersion in sugar solution (20% w/w, 10 and 20 min), soaking in citric acid (1% 
w/w, 5 and 10 min) and blanching (100°C) in sugar solution (20% w/w, 3 and 6 min). Freeze-drying of raw 
samples was taken as a control. The quality of the dried sour cherry was the evaluated in terms of water activity, 
colour, texture and rehydration. Our research results have shown that all of the pre-treatments can effectively 
reduce the freeze drying time, the best treatment method is blanching boiling water (6 min). The highest values 
of hardness and rehydration were found blanching in sugar solution with water at 100°C for 6 min. The better 
colour retention was observed for samples pre-treated with citric acid solution (1%, 10 min). 
 
1. INTRODUCTION 
 

Research and developments of new preservation methods are continuously carried out 
in order to improve the quality of the final product. For drying of fruits, freeze drying 
(lyophilisation) is known to be a good method, by which product shrinkage is eliminated or 
minimized, and near-perfect preservation results are expected. Freeze drying also prevents 
heat damage and produces products with excellent structural retention (Aktas et al., 2007). 

Energy consumption and quality of dried products are critical parameter in the selection 
of a drying process. To reduce operating costs of freeze drying, different pre-treatments have 
evolved. The chemical and thermal pre-treatments have proven to reduce drying time while 
improving product quality and minimizing energy requirements. 

Sour cherries are relatively diverse and broadly distributed around the world. The fruits 
are generally used for processing purposes, such as for juice, wine and jam. The fruits of sour 
cherries can also be frozen and dried (Doymaz, 2007). A waxy cuticle covers this fruit, which 
hinders water transfer and makes dehydration rate very low (Ochoa et al., 2007). 

The effects of pre-treatment on some fruits are reported by some authors in the 
literature. However, there is no or little information regarding the effect of the blanching, 
citric acid, sugar solution and combined solution on the freeze drying of sour cherry in the 
literature. The objectives of this paper were to investigate the effects of above mentioned pre-
treatments on the drying kinetics, water activity, colour, rehydration ratio and hardness. 
 
2. MATERIALS AND METHODS 
 
2.1. Material 
 

Sour cherry fruits (Újfehértói fürtös) were purchased from a certified organic producer. 
Fruits were washed, manually pitted, frozen and stored at -20°C prior to drying. The initial 
moisture content of sour cherry was determined using a forced air oven set (model LP-306, 
Labor-MIM, Budapest, Hungary) at 105°C, and kept until reaching constant weight. The 
initial moisture content of the samples was found as 4.52 kg water/kg dry matter (81,9%, wet 
basis). The final moisture contents of the products for untreated samples and treated ones with 
blanching, combined solution (soaking time:3 and 6 min), sugar- and citric acid solutions 
(soaking t.: 10, 20 and 5, 10 min) were 6.1%, 4.8%, 4.6%, 5.3%, 5.35%, 5.93%, 5.95%, 5.2%, 
5.1% (wb), respectively. 
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2.2. Pre-treatments 
 

To reduce the freeze drying time and enhance the quality of sour cherry, four pre-
treatments were used before freeze drying. The first pre-treatment was blanching for 3 and 6 
minutes in boiling water. Secondly, the samples were blanching in sugar solution (20%, w/w) 
at 100°C for 3 and 6 min (so called combined). After blanching and combined (blanched in 
sugar solution) treatment the samples were immediately cooled to room temperature with 
running water (5 min). The sour cherry samples were immersed in jars of sugar and citric acid 
solutions, respectively. The sugar concentration was 20% (w/w) and the citric acid 
concentration was 1% (w/w), respectively. The ratio of material to solution was 1:4 w/w. 
After range of immersion times (10-20 min and 5-10 min), the samples were blotted with 
tissue paper, in order to be used for further analysis. Untreated sour cherries were used as a 
control. Each sample utilized in the experiment weighed 200 g. 
 
2.3. Freeze drying experiments 
 

Drying experiments were carried out using a laboratory scale freeze dryer (model 
Armfield FT33, Armfield LTD, Ringwood, England), installed in the College of Nyiregyhaza. 
Weight loss was recorded at 1 min intervals and drying was continued until no mass change 
was detected. Drying runs were performed at pressures of 40-50 Pa and temperature of 17-
20°C. The condenser temperature was set at -54°C during all tests.  
 
2.4. Determination of water activity 
 

Approximately 3 g of chopped dried sour cherries were placed in the sample holder of a 
Novasina Labmaster (model CH-8853, Novasina AG, Switzerland) aw-meter, at 25°C.  
 
2.5. Measuring of color 
 

Colours of fresh, pre-treated and dried sour cherry were measured using a ColorLite 
sph900 spectrophotometer (ColorLite GmbH, Germany). For each sample at least five 
measurements were made at different positions of the sample and the measured values were 
compared with those of the fresh sour cherry. Before each test the colorimeter was calibrated 
on a special white plate. Three Hunter parameters, namely L (lightness), a (redness/greenness) 
and b (yellowness/blueness) were obtained from each colour measurement. The total colour 
difference (∆E) was used to quantify the colour and its changes during treatments (Eq. 1). 

( ) ( ) ( )222 baLE ∆+∆+∆=∆              (1) 

 
2.6. Texture analysis 
 

The texture characteristics of the pre-treated sour cherries were measured using a CT3-
4500 (Brookfield Engineering Laboratories, Middleboro, USA) texture analyzer fitted with a 
spherical probe (d=4 mm). Compression test was carried out to generate a plot of force (N) vs. 
time (s). This plot was used to determine the value of hardness.  

 
2.7. Method for rehydration ratio (RR) determination 
 

The rehydration tests were performed at 25°C in distilled water for 120 min. About 5 g 
dried products were placed in glass beakers containing water. The samples were taken out 
(when the time reached 120 min) and blotted with tissue paper to eliminate excess water on 
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the surface. The weights of dried and rehydrated specimens were measured with an electronic 
digital balance (model JKH-500, Taiwan). RR was calculated as follows (2):  

sampledriedofMass

samplerehydratedofMass
RR=             (2) 

 
2.8. Data analysis 
 

All data were analyzed using the analysis of variance (ANOVA). The Duncan’s test was 
used to establish the multiple comparisons of mean values. A statistical program PASW 
Statistics 18 was used to perform all statistical calculations. All tests were performed in 
triplicate and the average values were reported.  
 
3. RESULTS 
 

The Table 1 shows the significant effect of pre-treatments on dehydration time, except 
of sugar solution. In order to improve the drying rate of high moisture content sour cherries 
with waxy skin layers, pre-treatments prior to drying are considered. 

 
Table 1: Effect of pre-treatments on the drying time of sour cherry under lyophilisation 

Treatment Control 
 

(FD) 

Blanch. 
 

(3 min) 

Blanch. 
 

(6min) 

Combin
ed 

(3 min) 

Combin
ed 

(6 min) 

Sugar 
 

(10 min) 

Sugar 
 

(20 min) 

Citric 
acid 

(5 min) 

Citric 
acid 

(10 min) 
Drying t. 

[h] 
24f 18b 17a 19c 18b 23e 23ef 20c 21d 

abcdef statistical analysis (p<0,05) ANOVA Duncan test applies between pre-treatments. 
 

It also reduces the resistance to moisture transport and thereby increasing the drying 
rate. The sour cherry samples immersed in boiling water (6 min) prior to drying were found to 
have a shorter drying time than the other pre-treatments and control samples. These results 
demonstrated that drying times of blanched samples (soaking time: 6min) was about 29,1% 
shorter than that of untreated samples. 

As observed in Table 2, that the blanching and citric acid solution had a significant 
effect on the water activity of freeze dried sour cherry. The lowest aw values were observed 
for citric acid treatment, being between 0.382-0.391. 
 

Table 2: Effect of pre-treatments on the water activity (aw) for sour cherry  
Treatment Control 

(FD) 
Blanching 

 
Combined 

(Blanching+sugar) 
 

Sugar, 20% 
 

Citric acid, 1% 
 

Drying t. 
[h] 

0,469c 0,401-0,413b 0,472-0,481cd 0,495-0,506d 0,382-0,391a 

abcd statistical analysis (p<0,05) ANOVA Duncan test applies between water activity. 
 

Microorganisms generally grow best between aw values 0.99-0.98, while most microbes 
cease growth at aw<0.90. The aw of fresh sour cherries is in the range 0.972-0.963. Besides, 
our results shows that no microbial proliferation and non-enzymatic browning in the treated 
samples. According to Klewicki et al. (2009) no microbial proliferation occurred when the aw 

was ≤0,5 and non-enzymatic browning is most intense at aw values in the range of 0,6-0,7. 
The total colour difference (∆E) of freeze dried (control) and pre-treated sour cherry are 

presented in Table 3. The L, a and b parameters of raw material: 59.4, 17.3 and 3.56, 
respectively. The drying process and pre-treatments changed the values of all parameters. 
Consequently, citric acid solution (∆E=3,21-4,62) was more effective solution for sour cherry. 
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Table 3: Effect of different pre-treatments on colour, hardness and rehydration ratio (RR) of sour cherry  
Quality 

parameters 
Control 

 
(FD) 

Blanch. 
 

(3 min) 

Blanch. 
 

(6min) 

Combin
ed 

(3 min) 

Combin
ed 

(6 min) 

Sugar 
 

(10 min) 

Sugar 
 

(20 min) 

Citric 
acid 

(5 min) 

Citric 
acid 

(10 min) 
Colour 
(∆E, -) 

16,82h 8,31d 7,66c 9,86e 10,02e 12,22f 13,41g 4,62b 3,21a 

Hardness 
(Force, N) 

9,45f 5,72b 5,56b 5,12a 4,89a 6,36c 6,45c 8,92e 8,54d 

Rehydration 
(RR, -) 

2,31h 5,46d 6,04c 6,29b 6,42a 3,19f 4,07e 2,42g 2,55g 

abcdefgh statistical analysis (p<0,05) ANOVA Duncan test applies between pre-treatments 
 

The all pre-treatments effects were more significant on texture of sour cherries (Table 
3). Longer time of immersing gave decreasing in surface hardness of samples (except of sugar 
solution). As shown in Table 3, the combined pre-treatment (6 min) has the lowest hardness. 

The RR of sour cherry at different pre-treatments, calculated from Eq. (2), is shown in 
Table 3. Rehydration ratios of the pre-treated samples were higher than those of control 
samples. It can be seen that the rehydration ratio of pre-treated samples with combined 
solution (soaking time: 6 min) resulted in the highest rehydration. 
 
4. CONCLUSION, SUGGESTIONS 
 

The effect of thermal and chemical pre-treatments on the freeze drying time and quality 
of sour cherry was studied. The increase in immersing time of blanching and combined 
treatment decreased the freeze drying time. Blanched (dipping time: 6 min) sweet cherries 
have shorter drying time than other pre-treatments and control samples. The shorter drying 
time leads to lower energy consumption and lower drying cost. 

The water activity values (aw) corresponding to these values were under 0.51 for treated 
sour cherry. These aw values are recommended for storage of the products under optimal 
conditions. 

The total colour change and hardness of the pre-treated samples were lower than those 
of the control samples. The rehydration ratio values of pre-treated samples were higher than 
those of untreated sour cherries. The best pre-treatment is combined solution (soaking time: 6 
min) in case of quality of sour cherry. It was established that blanching can reduce the initial 
number of microorganism, drying time and improve the final texture, water uptake. In 
contrast with above-mentioned advantages, the blanching process lead to unacceptable 
microstructure, chemical components and flavours (thermal degradation of products).  
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