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Abstract. Cranberries (Oxycoccus palustris) and blueberries (Vaccinium corymbosum) are berries rich in 

polyphenols known to promote health in various ways as a diuretic, to prevent cancer, to improve the function of 

the cardiovascular system and digestive tract. Containing a relatively large amount of vitamin C, they can 

significantly enhance the effects of antibiotics. One method of long-term preservation is to dry them. Drying 

conditions also have a significant effect on product quality. As the berry skin inhibits the removal of moisture, it 

is necessary to find a simple and convenient way to prepare the berries to speed up the drying process in low-

heated air. An IR beam dryer with a drying temperature of 41 ºC was chosen as an experimental device. The 

moisture output of whole berries and needled pierced berries was compared. The results of the experiment showed 

that the moisture removal of whole berries is linear, which means that the skin of the berries plays an important 

role. The slope was k = 17.7·10-3 (change in weight (g) in relation to drying time (min)). The pierced cranberries 

showed an exponential dynamics of moisture removal. This means that the holes in the casing play a very important 

role in drying the berries faster. After 22 hours of drying, moisture from pierced cranberries was removed almost 

3 times more than from whole berries (64.4% vs. 26.5%). Blueberries have a similar situation, but they dry faster 

because their skin is thinner.  
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Introduction 

Drying is a basic method for preserving various products. An important aspect of drying is energy 

consumption, drying time and reduction of quality losses. One of the drying methods that has gained a 

lot of popularity in recent years, also at the industrial level, is infrared (IR) drying, especially at low 

temperatures, which helps preserve the quality of the product. Due to the research carried out on this 

type of drying and its advantages over other drying methods, it has started to be implemented. Research 

shows that infrared has effective moisture diffusion and higher thermal sensitivity than air drying, which 

is the most widely used method [1].  

The infrared drying method has shorter drying times, and better product quality than hot air drying 

[2,3] at the same temperature. 

There are many studies on drying of different products: mushrooms [3-5], fruits [6-9], vegetables - 

carrots [10; 11], potatoes [12], rhubarb cubs [13] and etc.  

Several studies have found that drying agricultural materials with infrared radiation is one of the 

most effective, as the heating occurring in it is able to promote the rate of dehydration of products and 

also helps improve their quality. Infrared drying is practical due to the even distribution of heat, fast 

drying speed and the simplicity of the equipment used. In infrared drying, infrared radiation penetrates 

the material and is converted into heat energy, thus removing water more evenly. Infrared drying 

provides more even heat distribution than convection. It is especially widespread in the biological drying 

of various herbs, teas, medicinal plants and other thin materials [14-23]. 

It is emphasized that infrared drying has a higher energy efficiency compared to hot air drying [24]. 

The theoretical aspects of leaf drying in the infrared environment are discussed [25]. 

Berries are rich in vitamins, minerals and antioxidants. For these reasons, berry consumption is 

important throughout the year. Since the berries are harvested once a year, it is important to choose a 

good preservation technique to later produce healthy and tasty edible berry products. Therefore, the 

issue of their preservation over a longer period of time, minimally reducing their quality during storage, 

becomes relevant. In addition, their storage costs should also be observed.  

We can find in the literature that drying using infrared rays is a modern technology that preserves 

berries, preserving most of their nutrients, vitamins, smell, and taste [26-30]. Blueberries and cranberries 

are one of the most common berries in Latvia. Our task is to preserve them for as long as possible and 

so that they do not lose quality during storage and processing. 
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Blueberries and cranberries are berries with their surface covered with a denser shell that prevents 

moisture from being easily removed from the inside of the berry. This significantly affects the drying 

speed and time, especially when drying at low temperatures. Therefore, the question of how to process 

the berries before drying arises. The given study compares the drying dynamics of whole and pierced 

berries under the same drying conditions. 

Materials and methods 

Whole cranberries (Oxycoccus palustris) and blueberries (Vaccinium corymbosum) were selected 

for the research. Some of them were left whole, but some of them were pierced in 20 different places 

Fig.1.  

  

Fig. 1. Whole and pierced berries used in the experiment 

An IR drying equipment was used for drying the samples, which was described in the study of 

carrot drying [10]. The drying procedure of the studied samples is analogous to drying of rhubarb [13] 

and the drying and rehydration studies of carrots [11]. Each sample was weighed with a Kern EW 1500-

2M scale with a weighing accuracy of ± 0.01 mm before being placed in the drying machine and between 

drying times. In order to determine the change in mass during drying, the weight of the samples to be 

dried was controlled after certain time intervals by removing the samples from the drying equipment 

and then putting them back. Each sample was weighed every 60 minutes for the first 8 hours every 

drying day. The duration of the experiment was 54 hours. A Memmert convection drying cabinet was 

used to determine the dry matter of the samples.  

 

Fig. 2. Placement of samples in IS drying equipment: 5, 6 – whole; 7, 8 – pierced 
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The drying temperature in the equipment was 41 ± 0.3 ºC during the experiment. Determination 

and registration of drying air parameters was carried out by data loggers KM120 with 16 sensors, 12 of 

which were temperature sensors TSIC 506 with a measurement accuracy of ± 0.1 ºC and 4 temperature 

and relative humidity sensors HYT 939 with a measurement accuracy of ± 0.2 ºC (Fig.2). 

Results and discussion 

Comparing the berries before (Fig. 2) and after drying (Fig.3) shows that the pierced berries have 

shrunk and significantly reduced their volume. The unpierced berries have changed their shape much 

less. This shows that the main output of moisture occurs at the places of the holes, and this causes the 

berries to shrivel. 

 

Fig. 3. Samples at the end of the experiment 

After 22 hours of drying, the moisture content of the whole cranberries decreased from 87% to 

64.5%, while the moisture content of the pierced berries reached 26.5%, it is almost 3 times more 

moisture was removed from the pierced berries than from the whole berries. The situation is similar for 

blueberries, where after 22 hours of drying, the moisture difference in the samples is 34% versus 4% in 

the pierced berries, Fig.4. 

 

Fig. 4. Moisture content in berries during drying 

Looking at the moisture change in the samples, it can be seen that in the whole berries it occurs 

linearly, especially in cranberries, Fig 4. The slope for cranberries was k = -17.7·10-3 and for blueberries 

k = -27.4·10-3. This indicates that whole blueberries dry about 1.5 times faster than cranberries, at a 

correlation of r > 0.98. 

This could be explained by the influence of the berry skin, where the moisture transport is 

determined by diffusion through the skin. Moreover, this linearity is much more pronounced in 

cranberries, which could be explained by a thicker skin than in blueberries. 
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Exponential drying dynamics can be observed for pierced berries, and it is much more pronounced 

for pierced blueberries. Drying pierced blueberries is up to 2 times faster than drying of pierced 

cranberries. 

Changes of the moisture content Δm during the time difference Δt describe the drying rate v 

expressed in (1): 

 
t

m
v




= , (1) 

where  Δm – moisture content, g;  

 t – time, min;  

 v – changes of the moisture content rate, g·min-1. 

Looking at the drying rate (Fig. 5) during the first 8 hours of the experiment, it can be seen that it 

is significantly higher (2-3 times) for the pierced berries than for the whole berries. This can also be 

explained because the most moisture is removed through the holes in the berry shell. It is higher for 

blueberries because the shell is thinner and diffusion through it is greater than for cranberries. This is 

also confirmed by the drying rate of the whole berries. 

 

Fig. 5. Drying rate v of berry samples during 8 hours of drying 

The moisture removal was measured in the experiment for 8 hours every day, the average drying 

rate at the beginning of each day was determined in Fig.6. 

 

Fig. 6. Average drying rates for the first 8 hours of each drying day 
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Comparing the changes in the drying rate of whole blueberries and cranberries, it can be seen that 

it decreases insignificantly for cranberries throughout the experiment. On the other hand, for blueberries, 

it significantly decreased on the 2nd day of drying.  

For pierced berries, the highest drying coefficient is observed at the beginning of the drying process. 

Within 24 hours, it decreased more than 3 times for cranberries and more than 10 times for blueberries. 

Conclusions 

1. The study shows the importance of pre-treatment of berries, especially thick-skinned berries, 

using IR drying at low temperatures (<50 ºC). 

2. After 22 hours of drying, the moisture content of whole cranberries decreased from 87% to 

64.5%, while the moisture content of pierced berries reached 26.5%, it is almost 3 times more 

moisture was removed from pierced berries than from whole berries. For blueberries, this ratio 

is even higher, from 80% at the beginning to 34% (whole berries) and 4% (pierced berries) after 

22 hours of drying. 

3. The drying rate during the first 8 hours of the experiment is significantly higher (2-3 times) for 

pierced berries than for whole berries. This is explained by the fact that most moisture is 

removed through the holes in the berry skin. It is higher for blueberries because the skin is 

thinner and diffusion through it is greater than for cranberries. 
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