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Abstract: In this work experimentally investigated the drying 

rate of Cherry on the freeze-dryer (FD) and FD with infrared 
pretreatment (IR), and compared the quality characteristics of the 
cherry after rehydration. Results of experimental studies was 
determined that, the use of IR pre-treatment on the FD was much 
more effective. The use of IR waves showed that the drying time of 
cherries with IR pre-treatment is shorter than without 
pre-treatment. Especially, the application of IR pretreatment 
before freeze-drying, allows you to get quality products, and 
provides to reduce energy consumption by 15-17%. 
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I. INTRODUCTION 

In recent years, the cultivation of cherries in Uzbekistan 
is gaining momentum. It should be noted that in 2018, 
Uzbekistan was among the four largest world exporters of 
cherries, second only to three countries in terms of exports: 
Chile, the United States and Turkey. Careful work with the 
data shows that in 2018 about 45-50 thousand tons of cherries 
were exported from Uzbekistan, although some market 
operators say about 55-60 thousand tons of exports. 

Mainly from Uzbekistan is offered cherry varieties 
"Regina" and the folk name "Bull's Eye", as well as the Uzbek 
cherry varieties "gross". 

Since most suppliers and gardeners in Uzbekistan do not 
have at their disposal the technology and capacity for 
long-term storage of cherries. Sometimes farmers and 
entrepreneurs in this industry will have to sell very urgently at 
any price, because of the emerging problems in customs, 
sanitary epidemiology centers, since the availability of cherry 
cooling capacity in Uzbekistan is very low. 

The question is also, whether Uzbek farmers will be able 
to withstand such a low level of prices for cherries from year 
to year. Without improving the quality parameters of 
products, such as caliber, cooling, sorting, packaging, etc., it 
is hardly possible to increase prices. 
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These changes will require new knowledge and 
investments from Uzbek cherry producers. 

One of the solutions to emerging problems is drying 
cherries. The advantages of dried fruits are that: first, you get 
resistant foods that can be used with a guarantee throughout 
the year. Secondly, they are well-preserved vitamins and 
valuable substances. Third, the relative caloric content of 
dried foods is very high. Finally, they lose a lot of weight and 
volume during drying, so they do not require a lot of storage 
space and are very convenient for transporting the product. 

The use of thermos radiation method in drying fruits is 
the most modern method of dehydration, which allows the 
transfer of energy from the heating element to the surface of 
the raw material [7]. In addition, IR waves can penetrate the 
material up to 2 cm, and it depend on the frequency of IR 
waves. In General, IR waves due to high frequencies are able 
to evaporate moisture from the raw material rather faster [1]. 

The application of IR waves in drying technology has 
many advantages. The main advantage of infrared waves is a 
high rate of evaporation of moisture, which is much higher 
than drying by convection or contact heaters [2,3]. Reflected 
from the capillaries, infrared rays change direction inside the 
product many times and thus almost completely absorbed into 
the product. In this case, the heat transfer coefficient is 
obtained sufficiently high, which means the transfer of a large 
amount of heat per unit surface of the drying product [6]. 

It is possible to get acquainted with many studies in the 
field of drying, which used IR waves on convective drying, as 
well as vacuum (Hebbar, Sukumar, & Ramesh, 2005). Studies 
have confirmed the effectiveness of IR rays when applied in 
parallel with hot air. 

Also in scientific research (Afzal, Abe, and Hikida, 
1999), a combined drying method - thermoradiative and 
convective method-was used. It is shown that with the use of 
long-wave IR rays, the energy consumption decreased 
sufficiently and the drying rate increased. 

Among the various drying methods used in the 
pharmaceutical and food industry, freeze-drying is the most 
common, for delicatessen fruits such as cherries, strawberries, 
raspberries and others. Freeze-drying allows you to best 
preserve the useful properties of the dried products [4,5]. 

Freeze-drying is a popular and rapidly developing 
technological process of the last few decades. 

The reason for this is the high quality of the products and 
the indispensability of freeze-drying, primarily in the food 
industry, biotechnology for drying thermos labile, oxidizing 
and expensive substances.  

Products obtained by freeze-drying are very hygroscopic 
and easily soluble [8,9]. 
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However, thus there are disadvantages of freeze-drying. 
The disadvantages of freeze-drying is the frequency, duration 
and energy intensity of the process. 

The main reason for the high cost of the freeze-drying 
process is that the process occurring at a negative temperature 
is not as intense as at positive temperatures, the driving force 
of the process is lower than in the case of thermal drying 
methods. 

From the literature data, it can be seen that the use of a 
combined method involving infrared waves helped to 
decrease the drying period. In our case, we wanted to look at 
the application of IR heating, before freeze-drying to intensify 
the process. 

II. MATERIALS AND METHODS 

A. Materials 

Fresh cherry (Bull's Eye), with black red color and good 
test, were collected from Bustanlik area, in Tashkent region, 
Uzbekistan, stored in refrigerator at -200C. The weights of the 
cherry were 14g (±1), with dimensions of 2.5 cm (±0.2) in 
diameter. The taste is sweet, the color of the fruit is dark red, 
the flesh is above average, and the shape is rounded. 

Cherries initial moisture content was 86% (±0.4) of total 
weight. 

B. IR pre-treatment 

During the experiment we are used Infrared lamps with 
10 000 W/m2 heat flux density. Application of IR 
pretreatment was carried out within 5 minutes (±1). The 
distance between IR source and material was 15cm. 

C. Freeze Drying 

Frozen cherries weighing 100 g were placed in the drying 
chamber EYELA FDU-2110 (3L unit type dryer for small 
samples at -80℃, vacuum rate, trap temperature and 

operation time are simultaneously displayed on control panel 
and operation condition). 

The samples were dehydrated until they reached the final 
moisture content (17% w.b.) by GOST (State standard) 
32896-2014 dried Fruit. General specifications. 

D. Analysis 

 Proximate composition analysis 
Moisture, ash, crude fat, and crude protein (by method 

Kjeldahl N·6.25) content were determined by following the 
standard method, while Carbohydrate contents were 
calculated by official methods of Analysis Total 
Carbohydrates: 100 percent minus percent (Crude Protein + 
Ash + Crude Fat + Moisture) – item 85. The values of 
analyses were the means of four determinations: 

- moisture content of samples was determined by oven 
drying; 

- ash content were measured by Muffle furnace with 
ventilation, temperature control and refractory coating, which 
does not crack at the temperature 5500C in 12 h; 

- crude fat content is determined by extracting the fat from 
the sample using a solvent.  

 Vitamins Content 
Vitamin C (ascorbic acid), were analyzed using the HPLC 

system (Agilent 1260 Infinity HPLC, USA) equipped with a 
UV Vis detector. Results were calculated on a dry weight 
basis. 

III. RESULT AND DISCUSSION 

In the laboratory experiment, the cherry samples after 
cleaning, sorting and calibration were processed with IR 
heating for 5 minutes; the distance between the samples and 
the IR lamps was 15 cm. After pretreatment, the cherry 
samples were placed in the refrigerator for freezing. After 8 
hours, the frozen fruit was dried in a freeze-drying unit.  

The results of experimental studies showed that the use of 
IR in the form of pretreatment for 5 minutes (the temperature 
is reached to 100-1100C) reduced the drying period by about 
3 hours or 17%.  In the graph, we can see the change in mass 
during drying. Alternatively, you can say the loss of moisture 
in the process of freeze-drying.  

IV. That is, the use of IR pretreatment of only 5 minutes 
helped to reduce the drying time by 3 hours (Fig. 1.). This 
means that the pretreatment allows you to save energy 
15-17%, which will be spent on freeze-drying. 
 

 
 

Fig.1. Drying curves of Cherry with IR pre-treatment and 
without IR on FD 

 
And in the course of the study, we considered the 

qualitative analysis of Cherry samples. How much did IR 
pretreatment affect the quality of the product, the organoleptic 
characteristics of the product. The study determined the 
quantitative analysis of the components in the samples. It 
should be noted that pretreatment did not significantly affect 
the chemical composition of cherries, except ascorbic acid 
(Table I). The amount of ascorbic acid of natural cherries and 
dried in sublimation without pretreatment are the same-14.8 
mg/100g. 

And in the course of the study, we considered the 
qualitative analysis of Cherry samples. How much did IR 
pretreatment affect the quality of the product, the organoleptic 
characteristics of the product. The study determined the 
quantitative analysis of the components in the samples. It 
should be noted that pretreatment did not significantly affect 
the chemical composition of cherries, except ascorbic acid 
(table 1).  

The amount of ascorbic acid of fresh cherries and dried in 
FD without pretreatment are the same – 14.8mg/100g.  
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In dried cherries freeze-dried with IR pretreatment, the 
amount of ascorbic acid was 11.9mg/100g. Loss or change of 
ascorbic acid during the experiment turned out to be 
approximately 20% due to IR treatments. 

This decrease will indicate that the application of IR 
heating longer or higher heat flow can cause an increase in the 
loss of valuable substances, in particular ascorbic acid. 

 
Table-I: Chemical content of cherries 

Component 

Samples 

Cherry 
(Fresh 

sample) 

Dried Cherry 
(by FD 

method) 

Dried Cherry 
(by FD method 

with IR 
pretreatment) 

Moisture, % 86,3±1 17,2±0,1 16,8±0,1 
Crude protein, 
N·6.25. % 

1,1±0,1 6.6±0,2 6.2±0,2 

Fat, % 0,4±0,05 2.3±0,05 2.3±0,05 
Ash, % 0,6±0,1 3.6±0,1 3.7±0,1 
Carbohydrates, % 11,6±0,7 70±1,2 69.6±1,2 
Food energy, 
kcal/100g 

54,1 ±1,6 327,1±4,4 323,9±4,5 

Ascorbic acid, 
mg/100g 

14.8 14,8 11,9 

Values are means ± standard deviation of three determination (n=3). 
Food energy calories was calculated by summation of fat, carbohydrate and proteins (Fat x 9 kcal, 

Carbohydrate x 4 kcal, Proteins x 4 kcal). 

 
Qualitative analysis of the organoleptic parameters of the 

samples are the same. Appearance and shape of cherries were 
with intact skin, mugs full of flesh, as well as without foreign 
taste and smell. Dried cherries can be stored up to 12 months, 
with a relative humidity of not more than 75%. 

As shown in Table. I. FD cherries had the best, ascorbic 
acid content and there was no significant difference food 
energy between FD and FD with IR pre-treatment products. 

V. CONCLUSION 

The use of IR waves as a pre-treatment on FD is more 
effective for drying cherries. The results showed that the 
duration of drying with IR pre-treatment cherries is quite 
shorter than FD. The application of IR pretreatment before 
freeze-drying, allows you to get quality products, and 
provides to reduce energy consumption by 15-17%. From an 
economic point of view, the use of preliminary treatments in 
large-scale plants gives a significant benefit to production. 

This method of drying retains vitamins and other nutrients 
in the product. In order to reduce the drying time by 3 hours, 
only 5 minutes of pre-treatment is needed. In this case, the 
organoleptic, physical and chemical parameters will almost 
completely correspond to the original product. In the future, it 
is possible to improve the technology by finding the optimal 
dose of IR waves and this will give a more significant 
economic income in large-scale productions. 
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