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MODEL OF CONVECTIVE DRYING OF BLACK CHOKEBERRY (ARONIA 
MELANOCARPA L.) 

  
Marko Petković1, Igor Đurović1, Nemanja Miletić1, Alexander D. Lukyanov2, 

Evgenia P. Klyuchka2, Jovana Radovanović1, Danila Y. Donskoy2  
Abstract: Drying kinetics of fresh uncrushed chokeberries (Aronia 

melanocarpa L.) was analyzed by the convective method at temperatures of 50, 60 and 70 °C. The experimental results were fitted using eight models for the moisture ratio (MR), and four models for dehydration ratio (drying speed, DR). The modified Page and the Logarithmic equation were successfully used to describe the 
MR, as well as the Polynomial and modified Gauss equation, for the DR. According to the efficiency of the convective drying (cost price, energy efficiency,constants of drying models), the recommended method of convective drying is the drying at 70 °C (the shortest dehydration time and the fastest dehydration speed).  

Key words: convective drying, black chokeberry, moisture ratio, drying ratio  
Introduction  Black chokeberry (Aronia melanocarpa L.), native to eastern North America, has become very popular in Eastern Europe and Russia (Valcheva-Kuzmanova and Belcheva, 2006), because of the high content of bioactive compounds (tannins, procyanidins, anthocyanins, phenolic acids, and quercetins) (Kim et al., 2012). The new fruit products, such as fruit powders or snacks, are commercially available. In processing, the dehydration is probably the oldest and the most frequently used methods of fruit and vegetable preservation (Calín-Sánchez et al., 2015). The advantages of the dehydrating methods are the efficient preservation and long storage, prevention of microorganisms’ development, cheaper and easier transport, the simple industry or laboratory equipment (Wojdyło et al., 2016).This method has many disadvantages: long dehydration time, high dehydration temperature, flavor and color degradation, tissue denaturation and material shrinkage (Figiel et al., 2010).The final quality of dehydrated chokeberries is defined by physical (texture, appearance, porosity, color) and (bio)chemical properties (vitamins, bioactive components, flavor) (Gawałek et al., 2017). The aim of this study was to find the optimal model for the drying kinetics behavior of fresh chokeberries using a convective drying method at 50, 60, 70 °C.  

                                                 1Univesity of Kragujevac, Faculty of Agronomy Čačak, Cara Dušana 34, Čačak, Serbia (marko.petkovic@kg.ac.rs, igor.djurovic@kg.ac.rs, n.m.miletic@kg.ac.rs, radovanovicjovana2@gmail.com); 2Don State Technical University, Ploshchad' Gagarina 1, Rostov-on-Don, Russian Federation (alexlukjanov1998@gmail.com, klyuchkae@mail.ru, dand22@bk.ru); 
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Material and methods 
 

Material 
 Fruits of black chokeberry (Aronia melanocarpa L.) were collected in the village Kušići, located on Javor mountain (43°28'40.8"N, 20°03'35.7"E, Serbia), and immediately transported and dehydrated to the Faculty of Agronomy.  

Methods  Convective drying was conducted in the dehydrator (Colossus CSS 5330, PRC) at temperatures of 50, 60 and 70 °C at atmospheric pressure, to the constant weight. Uncrushed chokeberries were placed in a tray of 320-mm diameter in a thin layer with a mass load of 3 kg m−2, and at an air velocity of 0,25 m s−1.The convective drying kinetics was based on mass losses of chokeberry (Szychowski et al., 2018). The moisture ratio (MR) is defined according to Equation 1:     (1) 
 
Mt, Mo and Me represent the moisture content achieved after convective drying time t, the initial moisture content, and the equilibrium moisture content, respectively. The value of equilibrium moisture content (Me) usually is very low and can be deleted from Eq. (1) without a significant change in the value of MR. The drying kinetics(drying ratio, DR)  is a change in the total mass loss of fruits (Mi-1 – Mi) in the interval of time between 2 measurements (ti-1 – ti) on a particular tray during the convective drying(Equation 2, Petković et al., 2019).  (2)  Origin8 software was used for the fitting basic convective drying models (Origin8,  2007). The best fitting of a specific model to the experimental data was evaluated using the coefficient of determination (R2) and the root means square error (RMSE). The model fit is better if the value of R2 is closer to 1 and the RMSE value is closer to 0 (Petković et al., 2019).  

Results and discussion  The decrease in the MR during convective drying was described using eight drying models (Table 1).All models were found as outstanding models. However,  
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the modified Page, the Logarithmic, and the Weibull were found as the best models taking into account the highest values of R2 (means of ± standard deviation, 0,9955 ± 0,0040, 0,9967 ± 0,0026, and 0,9952 ± 0,0044, respectively) and the lowest values of RSME (means of ± standard deviation, 0,0300 ± 0,0177, 0,0310 ± 0,0194, and 0,0300 ± 0,0177, respectively). The similar models were used to predict the drying behavior of many fruit materials, such as quinces (Szychowski et al., 2018), and plums (Živković et al., 2011).The drying constant a varied slightly and had values closed to 1. This parameter in the Weibull model was 0, so the model could be converted into the modified Page model. The higher temperature of the samples promoted higher values of constants k (in the modified Page, the Logarithmic, and the Weibull) and consequently higher drying rate which guarantees the shortening of drying time.  The change in the DR during convective drying was described using four drying models (Table 2). The Polynomial and the modified Gauss model were found as the best models (means of ± standard deviation, R2= 0,9912 ± 0,0075, R2= 0,9889 ± 0,0059, respectively). An increase in a drying temperature was in a correlation to the increase of the drying constants a, xc, and w, and the decrease of the drying constants yo and to of the GaussMod model. The results are according to the results as in research by Mitrović et al. (2012). The constants a1, a3, and a5 were increased with the temperature growth, unlike the decrease of constants a2, 
a4, and a6.  

Conclusions  Drying kinetics of chokeberries dried by convective techniques at 50, 60, or 70 °C were assessed. The modified Page, and the Logarithmic equation weresuccessfully used,as a models, to describe the moisture ratio (MR) of chokeberry fruits (R2 = 0,9955 ±0,0040, 9967 ± 0,0026 respectively; RSME = 0,0300 ± 0,0177, 0,0310 ± 0,0194,respectively), as well as the Polynomial and the modified Gauss equation,as far as drying ratio (drying speed, DR) was concerned (R2 = 0,9912 ± 0,0075,0,9889 ± 0,0059, respectively). According to the efficiency of the process (costprice, energy efficiency, constants of drying models), the recommended convective drying method wasconvective drying at 70 °C (the shortest dehydrationtime and the fastestdehydration speed).     
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MODEL KONVEKTIVNOG SUŠENJA CRNEARONIJE (ARONIA 
MELANOCARPA L.) 

  
Marko Petković1, Igor Đurović2, Nemanja Miletić3, Alexander D. Lukyanov4, 

Eugenia P. Kluchka5, Jovana Radovanović6, Danila Y. Donskoy7  
Izvod: Kinetika sušenja svežih celih plodova aronije (Aronia melanocarpaL.) analizirana je konvektivnom metodom na temperaturama od 50, 60 i 70 °C. Rezultati eksperimenta su postavljeni na osnovu osam modela za promenu odnosa vlage (MR) i četiri modela za promenu ukupnih masa plodova (brzina sušenja, DR). Modifikovana Page i Logaritamska jednačina uspešno su korišćene za opisivanje MR, kao i polinomne i modifikovane Gaussove jednačine, za DR. Prema efikasnosti konvektivnog sušenja (cena koštanja, energetska efikasnost, konstante modela sušenja), preporučeni metod konvektivnog sušenja je sušenje na 70 °C (najkraće vreme i najbrža brzina dehidracije). 
 
Ključne reči: konvektivno sušenje, crna aronija, promena odnosa vlage, brzina sušenja 

  

                                                 1Univerzitet u Kragujevcu, Agronomski fakultet Čačak, Cara Dušana 34, Čačak, Srbija (marko.petkovic@kg.ac.rs, igor.djurovic@kg.ac.rs, n.m.miletic@kg.ac.rs, radovanovicjovana2@gmail.com); 2Državni tehnički univerzitet Don, Trg Gagarina 1, Rostov na Donu, Ruska Federacija (alexlukjanov1998@gmail.com, klyuchkae@mail.ru, dand22@bk.ru);  
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