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APPLICATION OF MODERN PRE-TREATMENTS IN PLUM DRYING 
 

UPOTREBA MODERNIH PREDTRETMANA PRILIKOM SUŠENJA ŠLJIVE 
 

Tvrtko JELAČIĆ*, Sandra VOĆA**, Verica DRAGOVIĆ UZELAC***, Ante GALIĆ**, Jana ŠIC ŽLABUR** 
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**University of Zagreb Faculty of Agriculture, Svetošimunska cesta 25, 10000 Zagreb, Croatia 

***University of Zagreb Faculty of Food Technology and Biotechnology, Pierottijeva 6, 10000 Zagreb, Croatia 
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ABSTRACT 
The purpose of this study is to determine the influence of abrasive pre-treatments on plum drying time compared to the 

conventional ones. The mechanical pre-treatment examined included the abrasion at three different cylinder rotation times: 5, 10 and 
15 min. The chemical pre-treatment under consideration included the immersion of plums in alkaline solution (KOH) of different 
concentrations (0.5, 1 and 1.5 % (v / v)) at 60 °C for one minute. The thermal treatment performed included the immersion of fruits in 
distilled water at 60 °C for one minute. As a control (untreated) sample, fruits with waxy lawyers were used. According to the results 
obtained, the drying time of plums was significantly reduced compared to the control sample (97 h): in the samples treated with 
distilled water (thermal treatment) drying time was reduced by 21 h, whereas the drying time reduction of up to 68 h was reorded 
using a KOH solution of 1.5 % . In the samples pre-treated by abrasion for 15 min, the drying time recorded was also reduced by 68 
h compared to the control samples, thus proving the exceptional efficiency of abrasive pre-treatment in plum drying.  

Key words: abrasion, chemical pre-treatment, drying time, convection, plum. 

REZIME 
Novija istraživanja sušenja šljiva podrazumijevaju temperature niže od 50°C, s udjelom vode u plodu oko 35%. Proces sušenja 

šljiva je spor i energetski zahtjevan zbog specifičnog voštanog sloja kojim je prekrivena kožica ploda. Kako bi se uklonila voštana 
prevlaka i omogućilo slobodno kretanje vode potrebno je prije procesa sušenja primijeniti predtretmane kojim se omogućuje 
razgradnja voštane prevlake, a time i stvaraju mikroskopske pukotine koje povećavaju propusnost vode. Potražnja tržišta za ekološki 
prihvatljivijim proizvodima dovela je do razvoja abrazivnih predtretmana koji za uklanjanje voštane prevlake koriste razne inertne 
materijale. Cilj ovog rada bio je istražiti utjecaj primjene abrazivnog predtratmana na vrijeme sušenja u odnosu na konvencionalne 
predtretmane. Mehanički predtretman uključivao je upotrebu abrazije pri tri različita vremena vrtnje cilindra: 5, 10 i 15 minuta. 
Kemijski predtretman uključivao je potapanje plodova u otopinu lužine (KOH) različitih koncentracija 0,5, 1 i 1,5% (v/v) pri 
temperaturi 60°C i trajanju od jedne minute. Toplinski predtretman uključivao je potapanje plodova u destiliranu vodu temperature 
60°C u trajanju od jedne minute. Kao kontrolni uzorak korišteni su plodovi koji nisu predtretirani, odnosno nije im uklonjena voštana 
prevlaka. Prema dobivenim rezultatima vrijeme sušenja se značajno skratilo u odnosu na kontrolni uzorak (97 h) i to kod tretmana 
destiliranom vodom za 21 sat, a upotrebom otopine KOH 1,5% za čak 68 sati. Kod uzoraka tretiranih abrazijom uz vrijeme vrtnje od 
15 min vrijeme sušenja se također skratilo za 68 sati čime se može potvrditi iznimna učinkovitost abrazivnog predtretmana u procesu 
sušenja ploda šljive. 

Key words: abrazija, hemijski predtretmani, vreme sušenja, konvencionalno, šljiva. 
 

INTRODUCTION 
Owing to a high water content, fresh plum fruits are 

vulnerable to spoilage and thus often processed into different 
products. One of the most important plum products are prunes 
obtained by different drying methods. The technology of prune 
production is mainly based on drying at high temperatures 
(between 85 and 90°C), with lower fruit water contents (between 
20 and 26 %) (Okos et al., 1992; Cvejanov et al., 2004). Drying 
period significantly depends on the type and preparation 
methods of raw materials, as well as the use of pre-treatment 
(Okos et al., 1992; Cvejanov et al., 2004; Grabowski, 2005; 
Mitić at al., 2015). The dehydration of fruit at high temperatures 
can adversely affect the fruit quality on account of the texture, 
color, flavor, nutrient and bioactive compound losses, which 
require high energy consumption. Recent studies on fruit drying 
have included temperatures lower than 50 °C with a higher final 
fruit water content of about 35 % and longer time period (UN, 
2003; Tarhan, 2007; Adiletta et al., 2015). Abrasive drying 
method has a positive effect on the texture, color, taste and 
nutritional value of fruit, featuring relatively low energy with a 
longer drying period of 50 to 72 h (Cinqvanta et al., 2002; 
Doymaz and Pala 2002; Adiletta et al., 2014). Drying process of 
plums is slow and energy-demanding due to a specific waxy 
layer that covers the fruit skin. In order to remove the waxy 
coating and allow the free movement of water from fruit, it is 

necessary to apply pre-treatments which decompose the waxy 
layer and create microscopic cracks increasing the water 
permeability. The drying of pre-treated fruits is significantly 
faster compared to untreated ones (Cinqvanta et al., 2002; 
Doymaz and Pala 2002; Gazor et al., 2014; Bursać et al., 2014). 
The most common pre-treatments used in the technology of 
prune production are based on different thermal and chemical 
treatments. However, the growing demand of market and 
consumers for more environmentally friendly products has led to 
the development of abrasive pre-treatments which use various 
inert materials to remove wax coating from the fruit skin (Di 
Matteo et al., 2000; Di Matteo et al., 2002; Cinquanta et al., 
2002; Adiletta et al., 2014; Adiletta et al., 2016). Therefore, the 
objective of this study was to determine the influence of abrasive 
pre-treatment on the plum drying time compared to the 
conventional pre-treatments.   

MATERIALS AND METHODS 
For the research purposes, plum fruits of the cv. ‘Bistrica’ 

were used, obtained from the experimental orchard in Donja 
Zelina. Fruits were collected in the optimum harvest period, 
when the dry soluble solids and total acids ratio were optimal for 
the cultivar selected. The fruits were collected manually in 
plastic containers at early morning hours and dry weather. After 
harvest, fruits were transported to the laboratory of the Croatian 
Agency for Food and Agriculture for analysis. Fruits intended 
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for drying were sorted according to the size, previously 
removing all fruits with mechanical damage. Before drying, 
fruits were washed and pitted mechanically. For the purpose of 
waxy layer removal from the fruit skin, different pre-treatments 
were used: mechanical, chemical and hot water treatments 
(thermal). The mechanical pre-treatment performed included the 
abrasion using a cylinder coated on the inside with the inert 
abrasive material type PW400. The cylinder rotation speed was 
120 rpm, and the abrasive pre-treatment was performed at three 
different cylinder rotation times: 5, 10 and 15 min. The chemical 
pre-treatment performed included the immersion of fruits in 
alkaline solution (KOH) of different concentrations (0.5, 1 and 
1.5 % (v/v)) at a temperature of 60 °C for one minute. After the 
chemical pre-treatment, fruits intended for drying were washed 
several times with distilled water in order to remove the excess 
alkaline. The thermal treatment performed included the 
immersion of fruits in distilled water at a temperature of 60 °C 
for one minute. Table 1 shows the experiment design of plum 
fruit pre-treatments. Control samples were fruits which were not 
pre-treated, i.e. featuring a waxy layer.  

 

Before drying, the total moisture content of all plum fruits 
was determined using the standard method (AOAC, 1995). After 
pre-treatment, fruits were properly arranged in the primary layer 
on the drying shelf. The drying process was conducted by 
convection in a chamber drier at an air flow rate of 2.0 m s-1 and 
at a constant temperature of 42 °C. The drying process was 
conducted in triplicate: each replication involved one shelf used 
for drying 2.2 kg of fruits. Such prepared fruits were dried until a 
constant moisture content of 35 %. During the entire drying 
process, the fruit mass was determined every four hours and the 
moisture content was calculated according to Equation 1.   

 

𝑊2 = 100 − 𝑚1

𝑚2
× (100−𝑊1) (1) 

 

where W2 is the fruit moisture content (%) during drying; 
W1 is the initial fruit moisture content (%) before drying; m1 is 
the mass sample (g) before drying; and m2 is the mass sample 
(g) during drying.  In order to determine the final mass to which 
the fruits should be dried to achieve a water content of 35 %, the 
calculation according to Equation 2 was used. 

 

𝑚2 = 𝑚1×(100−𝑊1)
100−𝑊2

  (2)   

RESULTS AND DISCUSSION 
The moisture content loss during plum fruit drying is shown 

in Graphs 1 and 2. According to the results obtained, the longest 
drying time (97 h) was recorded in samples in which waxy layer 
was not removed (C, Graph 1), proving the waxy layer removal 
necessary before plum drying. Other research also confirms that 
pre-treatments use significantly shortened drying times 
(Cinquanta et al., 2002, Di Mateo et al, 2002, Tarhan, 2007, 
Jazini and Hatamipour, 2010, Gazor et al., 2014). In this study, 
the use of pre-treatment also significantly shortened the drying 
period of plums: 21 h shorter in the instance of the sample D, 68 

h shorter in the instance of the sample A3, and even 69 h in the 
instance of the sample K3 (all compared to the control sample 
(C)). Accordingly, pre-treatments, regardless of the type 
(thermal, mechanical or chemical), are required in order to 
reduce the drying time of plums. The use of chemical pre-
treatments with alkaline solution (KOH), regardless of the 
concentration (0.5, 1 and 1.5 % v/v), greatly reduced the drying 
time, even 2.5 times compared to the thermal treatment with 
distilled water (D). The loss of moisture content (%) from plums 
pre-treated by alkaline solution, regardless of the concentration 
(K1, K2, K3), was uniform during the whole drying period 
(Graph 1). The results of chemical pre-treatment effects on 
drying time obtained in this research are in accordance with 
other literature data (Gazor et al., 2014). Tarhan (2007) used 
different chemical pre-treatments (4 % ethyl oleate (v/v), 1 % 
KOH (v/v) and 1 % NaOH (v/v) at two different temperatures 
(23 and 60 °C) and thermal pre-treatments which included the 
immersion of plums in distilled water at two different 
temperatures: 23 and 60 °C) and compared their effect on drying 
time. According to the results obtained, the author concluded 
that the treatment with KOH and NaOH (1 % v/v) at 60 °C was 
the most efficient in shortening the time during plum drying 
compared to the other varied pre-treatments, even when the 
lowest drying temperatures (˂ 55 °C) were used. During the use 
of mechanical pre-treatment by abrasion, the duration of 
abrasion application significantly influenced the drying time. 
The shortest drying time was determined in the sample treated 
by abrasion for 15 min A3 (29 h), which is compared to the 
abrasion application of 5 min A1 (42 h) and 10 min A2 (36 h) 
leading to 45 % and 24 % shorter drying time, respectively. 
Plum samples pre-treated by abrasion showed differences in the 
loss of water content (%) during drying: the most rapid water 
content loss was obtained in the samples pre-treated by abrasion 
for 15 min (A3). Comparing the effect of chemical and 
mechanical pre-treatment in plum drying, it can be concluded 
that the same period of 29 h was needed for plum drying to the 
intended final fruit moisture content of 35 %. Similar results 
were obtained by Jazini and Hatamipour (2010), who studied 
the effects of mechanical pre-treatment by needle piercing of 
skin fruit and chemical pre-treatment by fruit immersion in 
NaOH (1 % v/v) at 100 °C on the drying time of plums. The 
authors concluded that mechanical treatment was more efficient 
in shortening the drying time of plums compared to the chemical 
pre-treatment. Cinquanta et al. (2002) compared the efficiency 
of mechanical pre-treatment by abrasion for 15 min and 
chemical by ethyl oleate (2 % v/v) and K2CO3 (2.5 % v/v) at 60 
°C and also concluded that abrasion pre-treatment significantly 
shortened drying time compared to the varied chemical pre-
treatments. In order to determine the loss of water content during 
plum drying and to obtain drying curves, the derivation of the 
second-degree polynomial equations  (Graphs 1 and 2) was 
calculated (Table 2). Accordingly, linear equations were 
obtained, on the basis of which curve slope coefficients were 
compared (Table 2). The slope coefficients significantly differ 
depending on the pre-treatment used. The highest slope 
coefficient (0.0042) was determined in the sample pre-treated by 
abrasion for 15 min (A3), followed by the samples A1 and A2. 
In the samples chemically pre-treated (K1, K2 and K3), the 
highest slope coefficient (0.0024) was determined in the sample 
pre-treated with KOH solution of 1.5 % concentration, followed 
by the sample treated with 0.5 (K1) and 1 % (K2) KOH solution. 
In the thermally pre-treated sample (D), a slope coefficient of 
0.0006 was determined. The control sample (C) had the lowest 
slope coefficient (0.0004), suggesting that the water content loss 
in this sample was the lowest. According to the obtained slope 
coefficients, it can be concluded that the pre-treatment type 
strongly affects the water loss content and is required as one of 
the major steps in the technology of plum drying.  

Table 1. Design of the plum pre-treatment experiment 

Treatment Sample Time 
(min) Solvent Con. 

(% v/v) 
Temperature 

(°C) 
Control C - - - - 

Abrasia 
A 1 5 - - - 
A 2 10 - - - 
A 3 15 - - - 

Chemical 
K 1 1 KOH 0.5 60 
K 2 1 KOH 1.0 60 
K 3 1 KOH 1.5 60 

Thermal D 1 H2O - 60 
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Fig. 1. Loss of water content (%) during the drying of untreated 
plum fruits (control), fruits treated with KOH and H2O 

 

 
 

Fig. 2. Loss of water content (%) during the drying of untreated 
plums (control) and abrasion-treated fruits 

 
Table 2. Derivation of the second-degree polynomial 

equations for drying curves and final drying time of each sample 
Sample Derivation of the second-degree 

polynomial equations 
Final drying time 

(hour) 
C dw/dt = -0.0134 – 0.0004t 97 

A1 dw/dt = -0.0271 – 0.0020t 42 
A2 dw/dt = -0.0419 – 0.0010t 36 
A3 dw/dt = -0.0389 – 0.0042t 29 
K1 dw/dt = -0.0665 – 0.0006t 29 
K2 dw/dt = -0.0683 – 0.0014t 29 
K3 dw/dt = -0.0546 – 0.0024t 28 
D dw/dt = -0.0181 – 0.0006t 76 

CONCLUSION 
Pre-treatment types strongly affect the drying time of plums. 

Chemical treatments with alkaline solution (KOH) of the highest 
concentration (1.5 % v/v) shorten the plum drying time. In the 
samples treated by abrasion, drying time was also shortened, 
thus indicating that the abrasion pre-treatment is highly efficient 
during plum drying. Mechanical pre-treatments in the drying 
process of plums have not been studied in great detail thus far so 
further studies are in order, focusing not just on the effect of 
mechanical pre-treatments on drying time but also on the 
nutritive quality of final products.  
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ABSTRACT 
The purpose of this paper is to optimize the ratio of wall materials (chitosan (CH): maltodextrin (MD), X1) and spent coffee 

ground extract (SCGE) to the complex wall material (X2), i.e. the so-called infeed formula for the SCGE encapsulation by freeze 
drying. The response surface methodology (RSM), based on the central composite design (CCD), was applied to obtain the infeed 
formula, providing the best encapsulated SCGE properties (encapsulation yield (EY), hygroscopicity (HG), water solubility index 
(WSI), total phenolic compounds (TPC) and encapsulation efficiency (EE)). Multiple regression analysis was performed to derive a 
second-order polynomial equation for predicting properties. The EY (R2 = 0.80), HG (R2 = 0.95), WSI (R2 = 0.96) and TPC (R2 = 
0.97) fitted the data well, and was ultimately used to plot a response surface. The plots obtained indicate that the EY and WSI 
significantly increased during the experimental process, whereas the HG and TPC decreased with the decreasing X1 and X2 (p≤ 
0.05). The equations were used to optimize the infeed formula. The results obtained show that the infeed formula with the CH-to-MD 
of 30:70 and the SCGE-to-the-wall material of 90:10 would provide the most favorable outcomes (EY (80 %), HG (17g/100 g SCGE 
db), WSI (88 %) and TPC (5.27 g gallic acid equivalent/100 g SCGE db)). 

Key words: chitosan, freeze drying, maltodextrin, total phenolic compounds. 

REZIME 
Cilj ovog rada je optimizacija odnosa nosećeg matrijala (chitosan (CH): maltodextrin (MD), X1) i ekstrakta iskorišćene mlevene 

kafe (SCGE) do kompleknog nosećeg materijala (X2), to jest takozvane in-feed formule za enkapsulaciju SCGE liofilizacijom. Metoda 
odzivnih površina, zasnovana na centralnom kompozitnom dizajnu, korišćena je radi dobijanja infeed formule, obezbeđujući najbolje 
osobine enkapsuliranog SCGE (prinos enkapsulacije (EY), higroskopnost (HG), indeks rastvorljivosti u vodi (WSI), sadržaj ukupnih 
fenola (TPC) i efikasnost enkapsulacije (EE)). Višestruka regresiona analiza izvedena je da bi se dobio polinom drugog reda radi 
predviđanja ispitivanih osobina. EY (R2 = 0.80), HG (R2 = 0.95), WSI (R2 = 0.96) i TPC (R2 = 0.97) dobro se poklapaju sa 
eksperimentalnim podacima i korišćeni su za iscrtavanje odzivnih površina. Dobijeni grafici ukazuju da EY i WSI značajno rastu 
tokom eksperimentalnog procesa, dok se HG i TPC smanjuju sa smanjenjem X1 i X2 (p≤ 0.05). Jednačine su korišćene za optimizaciju 
infeed formule. Dobijeni rezultati pokazuju da infeed formula sa odnosom CH:MD - 30:70 i SCGE:noseći materijal - 90:10 može 
obezbediti najbolje izlazne rezultate (EY (80 %), HG (17g/100 g SCGE db), WSI (88 %) and TPC (5.27 g gallic acid equivalent/100 g 
SCGE db)). 

Ključne reči: citozan, sušenje zamrzavanjem, maltodekstrin, sadržaj ukupnih fenola. 
 

INTRODUCTION 
Spent coffee ground (SCG) is a by-product of the coffee 

brewing process, yielding approximately 1.86 kg of SCG per a 
kilogram of the coffee ground produced (Murthy and Naidu, 
2012). Nowadays, coffee consumption is increasing in around 
the world, including Thailand. Consequently, the amount of 
SCG is also increasing which is normally disposed for land filled 
or used as a raw material to produce inexpensive and easily 
available adsorbent, activated carbon, deodorant, skin exfoliate 
and scrubber (Kourmentza et al., 2018). Various authors have 
reported that SCG is a rich source of bioactive compounds 
(Klangpetch, 2017; Ramalakshmi et al., 2009). Those 
compounds include caffeine, trigonelline and chlorognic acid, 
etc. (Esquivel and Jiménez, 2012), which are sensitive to heat, 
light, moisture and oxygen (thus limiting their application in the 
food industry) (Acevedo et al., 2013).  

Encapsulation has been reported to facilitate the protection of 
bioactive compounds in raw materials from degradation during 
processing and storage, while concealing unpleasant flavor and 

taste (Nedovic et al., 2011). There are various encapsulation 
methods used in the food industry depending on the type of core 
and wall materials, size of desired capsules and applications. 
Freeze drying is the most common of the all encapsulation 
techniques stated above on account of its ability to preserve the 
bioactive compounds even though such process is not thermal 
(Wilkowska et al., 2016). The most common wall materials used 
in the food industry include carbohydrates (starch, 
maltodextrins, chitosan, dextran, cyclodextrins), proteins (gluten, 
casein, gelatin, albumin, whey protein, soy protein) and lipids 
(wax, paraffin, oils, fats) (Fang and Bhandari, 2010). Proteins 
usually exhibit favorable emulsion properties. However, some 
proteins are relatively expensive and potentially allergenic 
(Shahidi and Han, 1993). Carbohydrates are usually used as wall 
materials due to their low cost and non-allergic properties. 
Maltodextrin (MD) is one of the most commonly used wall 
material featuring high water solubility and film form ease 
properties (Che Man et al., 1999). MD is also able to protect the 
core material from oxygen, and thus has been used for the 
oxygen sensitive, bioactive compound encapsulation (Desai and 
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Park, 2005). Carbohydrates, particularly hydrolyzed starch, are 
normally deprived of emulsification properties and have poor 
flavor refection (Özkan and Bilek, 2014). These problems can be 
overcome using complex wall materials (containing two or more 
wall materials), which would be properly modified or used in 
combination with other encapsulating agents. Chitosan (CH) has 
attracted much attention due to its biocompatibility, 
biodegradability, nontoxic nature, low immunogenicity and 
antibacterial properties. However, CH is normally insoluble in 
water above pH 6 due to its rigid crystalline structure and 
requires acids to be protonated (Saloko et al., 2013). Therefore, 
the complex CH-MD was applied as a wall material for the 
encapsulation of sensitive core ingredients in order to improve 
their encapsulation efficiency (Yinbin et al., 2018). However, a 
variety of factors could affect the capsule properties obtained 
from the freeze drying process, particularly the type of wall 
material and the ration of core-to-wall material. Thus far, there 
have been no reports on the encapsulation of SCGE using the 
CH-MD complex wall material, particularly in the freeze drying 
process. The purpose of this paper is to optimize the ratio of wall 
materials (CH-MD) and SCGE to the complex wall material for 
encapsulation of SCGE by freeze drying using the response 
surface methodology (RSM) in order to maximize the bioactive 
compounds in the encapsulated SCGE. 

MATERIAL AND METHOD 
Reagents  
The Folin-Ciocalteu’s phenol reagent and gallic acid 

standard were purchased from Sigma Aldich Co. Ltd. Sodium 
carbonate was purchased from AjexFinechem (Australia). The 
encapsulating agents, maltodextrin (MD; food grade DE 10- 12 
%) and chitosan (CH; food grade) were purchased from S. 
Science Equipment Chemical Limited Partnership (Thailand). 
Spent coffee ground (SCG) was obtained from Inthanin Café, a 
coffee shop in Burapha University, Chonburi, Thailand. The 
SCG was dried at 60 °C to a moisture content of 13 %. The dried 
SCG was stored at -20 °C until further analysis. 

Preparation of the aqueous spent coffee ground extract 
The dried SCG was mixed with distilled water (DW) at the 

SCG-to-DW ratio of 1:10. The temperature of the mixture was 
heated up to the temperature of 90 °C and maintained at the 
temperature for 5 min while stirred occasionally. Then, the 
mixture was filtered through filter paper to obtain coffee ground 
extract (SCGE) (Aprilia et al., 2014). The supernatant was 
collected and stored at -20 °C until used. 

Experimental design  
The response surface methodology (RSM) was applied in 

order to investigate the effect of encapsulation conditions (i.e. 
the ratio of wall materials (CH: MD) and SCGE to the complex 
wall material) on the encapsulated SCGE properties (the 
encapsulation yield (EY, Y1), hygroscopicity (HG, Y2), water 
solubility index (WSI, Y3), total phenolic compound (TPC, Y4) 
and encapsulation efficiency (EE, Y5)). Central composite 
design (CCD) was employed to analyze the combined effects of 
these parameters and to find the region providing the best 
condition. A summary of the variables and their levels of 
variation are presented in Table 1. The encapsulated SCGEs 
were examined relative to the response variables (EY, HG, WSI, 
and TPC) and encapsulation efficiency (EE). The results 
obtained were used to determine the coefficients and p-value of 
each condition in order to obtain a regression equation of the 
response variables. The regression equation was used to generate 
a response surface of each response variable, thus the infeed 
formula optimization for the SCGE encapsulation was obtained. 

 

Encapsulation procedure  
The CH solution (0.2 % w/v) and MD solution (12 % w/v) 

were prepared in 100 mM acetate buffer (pH 4.0). The SCGE 
was mixed with CH and MD solutions according to the ratio 
shown in Table 1. The mixture was homogenized (12000 rpm 
for 5 min), and then evaporated at 50 °C using a rotary 
evaporator under reduced pressure to obtain crude extract. The 
crude extract was then subjected to freeze drying at   -100 °C for 
24 hrs. The encapsulated SCGE was collected in an airtight 
container and stored at -20 °C until used (Kaasgaard and Keller, 
2010). 

Encapsulation yield determination 
The EY was calculated and expressed as the percentage of 

total solid of the mixture before encapsulation per weight of the 
encapsulated SCGE dry basis (db) (Marcela et al., 2016). 

Hygroscopicity determination 
The encapsulated SCGE (1.0 g) was weighed in a pre-

weighed Petri dish. The Petri dish was placed in an airtight 
plastic container containing saturated NaCl solution. The 
container was stored at temperatures of 30± 2 °C and 75% RH 
until equilibrium. The encapsulated SCGE was then subjected to 
moisture content determination. The HG of the encapsulated 
SCGE was calculated and expressed as the absorbed moisture 
per 100 g of the encapsulated SCGE (db) (Cai and Corke, 2000). 

Water solubility index determination 
The encapsulated SCGE (1.0 g) was dissolved in distilled 

water (100 mL) and then the mixture was centrifuged at 3000 
rpm for 10 min. The supernatant was carefully transferred in a 
pre-weighed can and dried at 105 °C for 16- 18 hrs in a hot air 
oven. The WSI was calculated as the percentage of the dried 
solid per 100 g of the encapsulated SCGE (db) (Anderson et al., 
1970). 

Total phenolic compound determination 
The encapsulated SCGE was dissolved in distilled water to 

obtain the appropriate concentration. Subsequentlly, the 
encapsulated SCGE solution (0.5 mL) was mixed with 2.5 mL of 
10 % v/v Folin-Cicalteu’s reagent and 2.0 mL of 7.5 % w/v 
sodium carbonate. The mixture was stored at ambient 
temperature for 60 min before the absorbance was determined at 
a wavelength of 765 nm. The TPC was expressed as the gram 
gallic acid equivalent (GAE)/ 100 g of the encapsulated SCGE 
(db)(Singleton et al., 1999). 

Encapsulation efficiency determination 
The EE was calculated and expressed as the percentage of 

the TPC differentiation in the encapsulated SCGE and the wall 
materials used for encapsulation (Marcela et al., 2016). 

Statistical analysis 
All the experiments were carried out in triplicate and 

reported as the mean ± standard deviation (SD). The 
optimization data were analyzed using the Minitab® 17 software 
and the Tukey’s comparison test at the p ≤ 0.05 significance 
level. 

Table 1. Range of variables at different levels for the central 
composite design 

Infeed formula Levels 
-1.414 -1 0 +1 +1.414 

X1; ration of wall 
materials (CH:MD) (%) 0:100 14:86 50:50 86:14 100:0 

X2; ration of SCGE  
to the complex wall 

material (CH:MD) (%) 
0:100 14:86 50:50 86:14 100:0 

*CH:chitosan, MD: maltodextrin, SCGE: spent coffee 
ground extract 



Khotchapong, Wiraya et al./ Opti. of the Infeed Formula for Spent Coffee Ground Extract Encap. Using the RSM 

110 Journal on Processing and Energy in Agriculture 23 (2019) 3 

RESULTS AND DISCUSSION 
Optimization of physicochemical parameters  
RSM was applied to determine the effect of 

infeed formula. i.e. the ratio of wall materials (CH: 
MD) and SCGE to the complex wall material, on 
the encapsulated SCGE properties (EY, HG, WSI, 
TPC and EE). The encapsulated SCGE properties 
(EY, HG, WSI, TPC and EE) obtained from the 
infeed formula designed by CCD are shown in 
Table 2. The multiple regression analysis was 
employed to derive a second-order polynomial 
equation to predict the encapsulated SCGE 
properties. Table 3 shows the regression equations 
for the response variables with the coefficient of 
multiple determination (R2) and coefficient p-values. The 
regression equation with the coefficient p-value of less than 0.05 
and R2 of more than 0.80 indicates that the regression model fits 
the data well (Joglekar and May, 1987). In order to plot a 
response surface, only the statistically significant coefficients of 
the response variables were selected for optimization: EY (R2 = 
0.80), HG (R2 = 0.95), WSI (R2 = 0.96) and TPC (R2 = 0.97). 

Effect of the ratio of wall materials (CH: MD) and SCGE 
to the complex wall material on the the encapsulated SCGE 
properties  

The 3D response surfaces plots generated regarding to the 
effect of infeed formula, i.e. the ratio of wall materials (CH: 
MD) (X1) and SCGE to the complex wall material (X2), on the 
encapsulated SCGE properties (encapsulation yield, (EY) 
hygroscopicity, (HG) water solubility index (WSI), and total 
phenolic compounds (TPC)) are shown in Fig 1. The results 
show that the EY significantly increased as the ratio of wall 
material (CH: MD) and SCGE to the complex wall material 
decreased. These results may be accounted for by the fact that at 
the lower X1 and X2, the higher MD and wall materials in the 
infeed solution was applied, leading to an increase in the EY 
value (Fig 1A). The HG is a crucial feature of 
microencapsulated products as it could promote oxidation of the 
encapsulated powder (Rodríguez-Hernández et al., 2005). 
Therefore, the lower HG could help reduce the bioavailability 
loss of the encapsulated SCGE. The results obtained show that 
the HG of the encapsulated SCGE significantly decreased as the 
ratio of wall materials (CH: MD) (X1) and SCGE to the complex 
wall material (X2) of the encapsulated SCGE decreased (Fig 1B) 
(p≤ 0.05). These results may be due to the action of the higher 
MD in the infeed formula as the X1 and X2 decreased. MD is a 
substance that facilitates the reduction of the water absorption 

ability of materials, thus reducing the HG of the product (Cai 
and Corke, 2000). In addition, MD influences the balance of the 
hydrophilic and hydrophobic system by increasing the 
hydrophobicity of the powder, thus also reducing the HG of the 
encapsulated SCGE (Farahnaky et al., 2016). In contrast to the 
HG, the WSI of the encapsulated SCGE increased as the ratio of 
wall materials (CH: MD), (X1) and SCGE to the complex wall 
material (X2) decreased (Fig 1C). These results are consistent 
with the results of Vidović et al. (2014), who reported that 
higher MD provided higher HG and lower WSI of the 
encapsulated product. WSI determines the amount of soluble 
components released from the encapsulated powder. Higher 
WSI of the powder indicates better rehydration abilities of the 
powder (Cano-Chauca et al., 2005). MD has been reported to 
provide higher porosity of the encapsulated powder, 
consequently increasing the surface area to absorb more water 
during rehydration process (Suriyajunhom and Phongpipatpong, 
2017). In addition, the MD with lower dextrose equivalent could 
also contribute to higher WSI of the powder (Fazaeli et al., 
2012). In addition, the results showed that the TPC of the 
encapsulated SCGE powder exhibited lower than that of the 
non-encapsulated SCGE powder, which is consistent with those 
previously reported by Ballesteros et al. (2017). Furthermore, 
the TPC of the encapsulated SCGE powder significantly 
increased as the ratio of wall materials (CH: MD) (X1) and 
SCGE to the complex wall material (X2) increased (Fig 1D). 
Higher values of the X1 and X2 indicate higher CH and higher 
SCGE, respectively. Higher TPC values may be accounted for 
by the fact that the interaction between gallic acid or other 
phenolic compounds in the extract, and the CH via hydrogen 
bonds, consequently increases the TPC of the encapsulated 
SCGE powder (da Rosa et al., 2013). 

Table 2. Infeed formula, the ratio of wall materials (CH: MD) (X1) and SCGE to the complex wall material (X2), and the 
encapsulated SCGE properties (EY, HG, WSI, TPC and EE) 

Runs X1 X2 
EY 
(%) 

HG 
(g/100 g SCGE db) 

WSI 
(%) 

TPC 
(g GAE/100 g CGEdb) 

EE 
(%) 

1 86:14 (+1) 86:14 (+1) 69.95 ± 0.88 24.07 ± 0.12 77.27 ± 0.83 5.33 ± 0.05 99.81 ± 0.00 
2 86:14 (+1) 14: 86 (-1) 71.26 ± 0.98 26.44 ± 0.20 79.27 ± 0.11 0.36 ± 0.02 97.18 ± 0.13 
3 14: 86 (-1) 86:14 (+1) 91.18 ± 0.57 18.31 ± 0.06 85.23 ± 0.76 3.42 ± 0.02 99.71 ± 0.00 
4 14: 86 (-1) 14: 86 (-1) 80.33 ± 0.84 17.09 ± 0.07 90.45 ± 0.07 0.19 ± 0.00 94.75 ± 0.13 
5 100:0 (+1.414) 50:50 (0) 64.11 ± 0.80 31.60 ± 0.04 67.26 ± 0.76 2.22 ± 0.01 97.75 ± 0.01 
6 0:100 (-1.414) 50:50 (0) 94.45 ± 0.98 15.90 ± 0.12 89.33 ± 0.72 0.50 ± 0.01 98.01 ± 0.03 
7 50:50 (0) 100:0 (+1.414) 60.21 ± 0.77 19.77 ± 0.08 86.11 ± 0.79 7.91 ± 0.13 100.00 ± 0.00 
8 50:50 (0) 0:100 (-1.414) 83.45 ± 0.83 17.19 ± 0.13 90.48 ± 0.88 0.01 ± 0.00 0.00 ± 0.00 
9 50:50 (0) 50:50 (0) 90.68 ± 0.89 17.86 ± 0.12 85.84 ± 0.39 0.59 ± 0.01 98.30 ± 0.02 

10 50:50 (0) 50:50 (0) 89.82 ± 0.73 17.83 ± 0.06 84.59 ± 0.34 0.60 ± 0.00 98.33 ± 0.01 
11 50:50 (0) 50:50 (0) 90.10 ± 0.8 17.75 ± 0.20 85.34 ± 0.19 0.58 ± 0.00 98.29 ± 0.01 

*Mean ± SD with in the same row, means in a column with different letters are statistically difference (p≤ 0.05), EY: 
encapsulation yield, HG: hygroscopicity, WSI: water solubility index, TPC: total phenolic compound and EE: encapsulation 
efficiency. 

Table 3. Regression equations, coefficient of multiple determinations 
(R2), and coefficient p-values of the response variables for the infeed 
formula optimization of the SCGE encapsulation by freeze drying 

Response 
variables Regression equations R2 p-value* 

EY Y1=90.27-9.02X1-2.92X2-4.68X1
2-8.37X2

2 0.80 0.026 
HG Y2=17.816+4.666X1+0.311X2+3.058X1

2+0.423X2
2 0.95 0.001 

WSI Y3 =85.47-6.230X1-1.720X2-3.606X1
2+1.402X2

2 0.96 0.000 
TPC Y4=0.590+0.565X1+2.422X2+0.302X1

2+1.601X2
2 0.97 0.000 

EE Y5=98.3+0.27X1+18.63X2+5.8X1
2-18.2X2

2 0.61 0.162 
*Significant at p≤ 0.05, EY: encapsulation yield, HG: hygroscopicity, 

WSI: water solubility index, TPC: total phenolic compound and EE: 
encapsulation efficiency. 
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Infeed formula optimization for the SCGE encapsulation  
The regression equations (Table 3) were used to optimize the 

infeed formula for the SCGE encapsulation as shown in Table 4. 
The best predicted response variables were obtained when the 
ratio of CH-to-MD was 30: 70 and the ratio of the SCGE-to-the 
complex wall material was 90: 10. With this optimal 
formulation, the EY, HG, WSI and TPC would be 80.00 %, 
17.00 g/ 100 g SCGE db, 88.05% and 5.27 g GAE/ 100 g SCGE 
db, respectively. 

CONCLUSION 
The infeed formula for the SCGE encapsulation by freeze 

drying was successfully optimized using the RSM via CCD. A 
multiple regression analysis was employed to derive a second-

order polynomial equation to predict the encapsulated SCGE 
properties. The second-order linear and square models were 
generated and found to be statistically adequate to describe and 
predict the responses for the EY (R2 = 0.80), HG (R2 = 0.95), 
WSI (R2 = 0.96) and TPC (R2 = 0.97). The best encapsulated 
SCGE properties were obtained when the CH-to-MD ratio was 
30: 70 and the SCGE-to-the complex wall material ratio was 90: 
10. With this optimal formulation, the EY, HG, WSI and TPC 
would be 80.00 %, 17.00 g/ 100 g SCGE db, 88.05% and 5.27 g 
GAE/ 100 g SCGE db, respectively.  
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Fig 1. 3D Response surface optimization of the infeed formula for the SCGE encapsulation by freeze drying, the ratio of wall 
materials (CH: MD) (X1) and SCGE to the complex wall material; (X2) on the encapsulated SCGE properties; (A) encapsulation 

yield, (B) hygroscopicity, (C) water solubility index, and (D) total phenolic compounds 

Table 4.Single and multi-response variables of the encapsulated SCGE as affected by the ratio of wall materials (CH:MD, X1) 
and SCGE to the complex wall material (X2) 

Response variables 
Variable codes Variable values Predicted response variables 

X1 X2 X1 X2 
EY 
(%) 

HG 
(g/100 g SCGE db) 

WSI 
(%) 

TPC 
(g GAE/100 g SCGE db) 

Single response (EY) -0.96 -0.19 34/66 43/56 94.87 - - - 
Single response (HG) -0.76 -0.36 27/78 37/63 - 15.98 - - 
Single response (WSI) -0.87 -1.41 30/70 0/100 - - 93.40 - 
Single response (TPC) 1.41 1.41 100/0 100/0 - - - 8.62 

Multi response 
(EY+ HG+ WSI+ TPC) -0.87 1.16 30/70 90/10 80.00 17.00 88.05 5.27 

*EY: encapsulation yield, HG: hygroscopicity, WSI: water solubility index, TPC: total phenolic compound 
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ABSTRACT 
The purpose of this paper is to characterize the amino acid profiles of wholegrain buckwheat, quinoa and amaranth proteins. The 

content and protein quality of these pseudocereals were compared mutually and with those of wholegrain wheat as a widespread 
cereal in human nutrition. Amaranth seeds showed the highest total amino acid (TAA) content, followed by wholegrain buckwheat 
and quinoa, which showed the lowest TAA content compared to the other two pseudocereals (180.85, 162.46 and 125.37 g per 100 g 
protein, respectively). The protein digestibility, protein efficiency ratio, protein chemical score and essential amino acid index of the 
pseudocereals under consideration ranged from 79.25 – 84.58 %, 2.9 – 6.17 %, 16.24 – 47.59, and 45.68 – 68.36, respectively. The 
results obtained indicate that buckwheat, quinoa and amaranth are promising raw materials that can meet the daily requirements of 
most essential amino acids, and can be used for the development of a range of value-added bakery products.  

Keywords: buckwheat, quinoa, amaranth, protein, amino acid. 

REZIME 
Porast svesti ljudi o uvođenju zdravijih navika u ishrani doprinela je da potrošači zamene kaloričnu hranu sa funkcionalnom i 

hranom koja poseduje veću nutritivnu vrednost. Poslednjih godina naročito velika pažnja posvećena je unapređenju nutritvnog 
profila bezglutenskih proizvoda. Među pseudožitima, heljda, kinoa i amarantus privukli su najviše interesovanja imajući u vidu da 
ova pseudožita ne sadrže gluten, imaju visok sadržaj masnih kiselina, vitamina, minerala i prehrambenih vlakana. Osim navedenog, 
ona se smatraju nutritivno veoma bogatim sirovinama zbog visokog sadržaja proteina i dobro izbalansiranog profila aminokiselina. 
Istraživanja u okviru ovog rada bazirana su na karakterizaciji profila aminokiselina proteina heljde, kinoe i amarantusa. Sadržaj i 
kvalitet proteina ovih pseudožita upoređen je i sa istim parametrima određenim u integralnom pšeničnom brašnu. Za analizu 
aminokiselina korišćena je tehnika tečne hromatografije visoke rezolucije (HPLC). Najviši sadržaj aminokiselina određen je u 
amarantusu (180,85 g/100 g proteina) i heljdi (162,46 g/100 g proteina). Sadržaj aminokiselina u kinoi (125.37 g/100 g proteina) bio 
je značajno niži u poređenju sa druga dva pseudožita, ali nanivou sadržaja određenog u pšenici (134.20 g/100 g proteina). 
Svarljivost proteina, efikasnost proteina (PER), hemijski proteinski skor (CS) i indeks esencijalnih aminokiselina (EAAI) analiziranih 
pseudožita, heljde, kinoe i amarantusa, bio je u sledećim opsezima 79,25 – 84,58%, 2,9 – 6,17%, 16,24 – 47,59 i 45,68 – 68,36 
Dobijeni rezultati ukazuju da su heljda, kinoa i amarantus nutritivno vredne sirovine koje mogu da zadovolje dnevne potrebe za 
većinom esencijalnih aminokiselina, a kao takve mogu imati dobrobiti za zdravlje ljudi ukoliko se konzumiraju inkorporirane u 
različite prehrambene proizvode. 

Ključne reči: heljda, kinoa, amarantus, proteini, aminokiseline.  
 

INTRODUCTION 
The practice of healthier lifestyles has increased worldwide, 

thus consumers have made a shift from high-calorie foods 
towards functional foods and foods providing more nutritional 
impacts. Due to increasing protein requirements caused by the 
global population growth, the enrichment of food products with 
proteins has become a topical issue. Plant proteins have the same 
quality as the proteins based on meat and dairy substitutes, while 
having lower costs (Šimurina et al., 2015). There is a constant 
need in the food industry for nutritionally powerful alternative 
grains that can be incorporated into various food products, 
particularly gluten-free products. Most of the “new” grains are 
actually ancient crops, grown commercially in Central and South 
America (López et al., 2018). Due to great genetic variability, 
most of these grains can adapt and grow in the most detrimental 
environmental conditions (Aziz et al., 2018).  

Pseudocereals have recently attracted increased attention. 
These seeds can be milled into flour and used as a cereal crop. 
Among pseudocereals, buckwheat (Fagopyrumesculentum and 
Fagopyrumtartaricum), quinoa (Chenpodium quinoa) and 
amaranth (Amaranthus sp.) have been extensively studied over 

the last two decades (Abderrahim et al., 2015; Jambrec et al., 
2015; Motta et al., 2019; Sakač et al., 2011; Škrobot et al., 
2017). Although they are not as widespread as wheat, the interest 
in these grains has grown rapidly as all of them feature the total 
absence of gluten, possess high levels of fatty acids, vitamins, 
minerals, dietary fibres and polyphenols (Pellegrini et al., 2018; 
Sedej et al., 2011). Moreover, amaranth, quinoa and buckwheat 
are classified as highly nutritious food because of high protein 
contents and a well-balanced essential amino acid profiles (Mota 
et al. 2016).  

The nutritional value of pseudocereals is mainly connected to 
their proteins (Berghofer and Schoenlechner, 2007). Proteins are 
an important group of biomacromolecules that are involved in 
physiological functions. Natural vegetable proteins are 
convenient materials due to their safety, high biocompatibility, 
nutritional value and low cost. Discovering new vegetable 
proteins rich in essential amino acids is very important for the 
food industry, as well as the information on their health effects 
on foods. Therefore, the objective of this study was to 
investigate the amino acid profiles of buckwheat, quinoa and 
amaranth, three pseudocereals very present in human nutrition 
nowadays, and to compare them with the content of amino acids 
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of wheat, a world widespread cereal and the staple food in 
Serbia.  

MATERIAL AND METHOD 
Samples 
Common wholegrain wheat flour, wholegrain buckwheat 

flour, amaranth and white quinoa seeds were purchased from 
local markets in Novi Sad, Serbia. For each type of the grains 
examined, a representative sample consisted of a mixture of 
grains purchased from three randomly chosen suppliers. For the 
purpose of analysis, amaranth and white quinoa seeds were 
reduced to a fine dried powder (∼20 mesh) and mixed to obtain 
a homogeneous sample. Flours were mixed directly.   

Nutritional value 
Nutritional value was determined according to the 

Association of Official Agricultural Chemists procedures 
(AOAC, 2000) using the methods for determining moisture 
(AOAC, 925.09), fat content (AOAC, 922.06) and protein 
content (AOAC, 920.87). Total starch content was determined 
according to ISO 10520 (1997), whereas the total carbohydrates 
were calculated as the sum of total starch and sugar content. 
Energy content was determined as follows: Energy (kcal) = 17× 
(g protein + g carbohydrates) + 37×(g fat). 

Amino acid analysis 
The amino acid analysis was carried out using the high 

performance liquid chromatography (HPLC). Milled samples 
(50 mg) were subjected to the acidic hydrolysis (6M HCl with 
addition of 0.1% phenol and 3% thioglycolic acid) in closed 
vessels. Further sample preparation included the pre-column 
derivatization using o-phthalaldehyde (OPA) and 9-
fluorenylmethylchloroformate (FMOC), according to the method 
proposed by Agilent Technology 5990-4547EN protocol 
(Henderson and Brooks, 2010). Chromatographic separation was 
achieved using the Eclipse Plus C18 column, 5.0 μm, 3.0 x 250 
mm. Amino acids were detected with the Diode Array Detector 
(DAD) (Agilent Technologies, United State) on 338 and 262 nm, 
and Fluorescence Detector (FLD) (Agilent Technologies, United 
State) (parameters for excitation set on 340 nm, and emission set 
on 450 nm). Components spectre was recorded in the range from 
190 to 400 nm, R500/100. 

Prediction of protein quality 
In vitro protein digestibility 
In vitro protein digestibility was determined using the pepsin 

method described by Duodu et al. (2002). Briefly, the incubation 
mixture, after pepsin (from porcine stomach mucosa) digestion, 
was filtered using the Whatman No. 4 filter paper, which 
enabled a better separation of insoluble proteins. The residue on 
the filter paper was analysed for nitrogen using the Kjeldahl 
method. Protein  digestibility  was  calculated  by expressing the 
difference between the total nitrogen and residual nitrogen  as  a  
percentage  of the total  nitrogen.  

Chemical score (CS) 
The protein chemical score (CS, %) was calculated as the 

ratio of the restrictive amino acid to the concentration of this 
amino acid in the standard protein (Khattab et al., 2009) 
(Equation 1): 

 

CS = (ai/as) x 100  (1) 
 

where: ai – content of amino acid with the shortest supply 
(restrictive amino acid) in the analysed sample, and as – content 
of this amino acid in the standard protein as (FAO/WHO, 1973).   

Essential amino acid index 
The essential amino acid index (EAAI) was calculated 

according to Khattab et al. (2009) Equations (2, 3): 

EAAI = 10logEAA (2) 
 

logEAA = 0.1[log (a1/a1s × 100) + log (a2/a2s × 100)+ 
…+ log (an/ans × 100)]  (3) 
 

a1–an are the content of amino acids including Lys, Met + 
Cys, Thr, Ile, Trp, Val, Leu, His, and Phe + Tyr in the test 
samples, while a1s–ans are the essential amino acid requirements 
in the protein standard (FAO/WHO, 1973).  

Protein Digestibility Corrected Amino Acid Score 
(PDCAAS)  

The Protein Digestibility Corrected Amino Acid Score 
(PDCAAS) was estimated using the regression equation (4) 
proposed by Alsmeyer et al. (1974): 

 

PDCAAS = 0.08084 x Σ[AA7] – 0.1094 (4) 
 

where: Σ[AA7] = [Thr] + [Val] + [Met] +[Ile] + [Leu] + 
[Phe] + [Lys].  

Statistical analysis 
The means of the results obtained were submitted to the one-

way analysis of variance (ANOVA). Significant differences 
between the means of the treatments were observed by the 
Tukey's HSD (honestly significant difference) test (p < 0.05) 
using the STATISTICA (Data Analysis Software System), 
v.13.2 (2016), Stat-Soft, Inc, USA. 

RESULTS AND DISCUSION 
Nutritional value 
One of the more relevant characteristics of pseudocereals is 

their high protein content (Table 1). According to the results 
obtained, the pseudocereals examined showed significantly (p < 
0.05) higher contents of total proteins compared to the 
wholegrain wheat, whereas buckwheat exhibited the highest total 
protein content (15.24 g per 100 g). Another important aspect of 
the nutrient value of pseudocereals is the fat content and 
composition, especially the fatty acid profile. In the present 
study, the fat content of the analysed pseudocereals was more 
than twice that of wheat (2.03 – 4.30 %), whereas amaranth 
showed the highest fat content (7.05 g per 100 g). The fat 
content of pseudocereals and its composition are important 
factors that have to be taken into account during grains storage 
and handling as fat deterioration can adversely affect food 
quality and shelf-life (Alvarez-Jubete et al., 2009). The 
carbohydrate content of amaranth and quinoa was significantly 
lower in comparison to the other samples, causing lower energy 
value of these samples.The results obtained within this study are 
comparable with those reported by Alvarez-Jubete et al. (2009), 
which showed significantly higher contents of proteins and fat 
for amaranth and quinoa in comparison to that established in 
wheat. 

 

Table 1. Nutritional composition of wholegrain wheat, 
wholegrain buckwheat, amaranth and quinoa  

Samples Protein (%) Carbohydrate 
(%) Fat (%) Energy 

(kJ) 
Wholegrain 
 wheat flour 13.60±0.30a 73.55±0.10c 1.64±0.25a 1542.23 

Wholegrain 
buckwheat  

flour 
15.24±0.14b 73.63±0.55c 3.33±0.12b 1633.49 

Amaranth 14.31±0.31b 65.39±0.70b 7.05±0.10d 1615.75 
Quinoa 14.35±0.15c 60.50±1.05a 6.13±0.15c 1499.26 

Values are means ± SD of three measurements. Values in the 
same row followed by the same letter are not significantly 
different at p≤0.05.  
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Amino acid analysis 
The amino acids composition of the samples examined is 

shown in Figures 1 and 2. The amino acids content was 
expressed as a percentage of total protein. The total sum of 
amino acids was 162.46, 180.85, and 125.37 g per 100 g protein 
in buckwheat, amaranth and quinoa, respectively, indicating that 
buckwheat and amaranth possessed higher concentrations of 
amino acids in comparison to the wholegrain wheat flour 
(134.20 g per 100 g protein). In contrast to wheat, the proteins of 
pseudocereals are composed mainly of cytoplasmatic proteins 
(globulins and albumins), of which amino acid are high in Lys 
and low in Glu and Pro. However, wheat storage proteins 
(Alvarez-Jubete et al., 2009) are high in Glu and Pro, but low in 
Lys, Arg, Thr and Try. In like fashion, the results obtained in the 
present study indicate that the predominant amino acids of wheat 
proteins were glutamic acid and proline, and that the 
pseudocereals under consideration showed higher contents of 
lysine.   The sum of essential amino acids was 87.92, 105.0, and 
61.68 g per 100 g protein in buckwheat, amaranth and quinoa, 
respectively, indicating that buckwheat and amaranth possessed 
higher concentrations of essential amino acids in comparison to 
the wholegrain wheat flour (62.78 g per 100 g protein). 
Comparing pseudocereals, the highest content of EAA was 
found in amaranth with Val as the predominant EAA, and CS of 
935.4% (Table 2). Conversely, quinoa possessed the lowest 
EAA content, with Leu as the limiting amino acid with CS of 
16.24%. According to Nowak et al. (2016), sulphur amino acids 
(Cys and Met) are limiting amino acids in amaranth, quinoa and 
buckwheat. Contrary to this report, Cys was the predominant 
EAA in quinoa in the present study, and the second dominant 
EAA in amaranth. The discrepancies established in those 
findings may be attributed to the fact that the protein content and 
amino acid composition depend on the genotype and growing 
conditions (Delgado et al., 1999). The limiting amino acid of 
buckwheat was Ile with CS of 22.57 %, followed by Cys (48.33 
%). However, His and aromatic amino acids (Tyr and Phe) 
presented the highest values of CS. This last finding is in 
agreement with those presented by Motta et al. (2019) and 
Nowak et al. (2016). Buckwheat protein was rich in essential 
amino acids such as Lys, sulphur amino acids (Cys and Met), 
aromatic amino acids (Tyr and Phe), Try, Val and His, compared 
with the FAO/WHO (1973) requirements since their contents 
were higher than that in the reference protein. Moreover, their 
content was higher in comparison with their corresponding 
content in wholegrain wheat protein, as well. On the other hand, 
Ile and Leu were slightly deficient in buckwheat protein, 
compared to the standard pattern.  

 
Fig 1. Essential amino acids composition of wholegrain 

wheat flour, wholegrain buckwheat flour, amaranth and quinoa 

 

 
Fig 2. Non-essential amino acids composition of wholegrain 

wheat flour, wholegrain buckwheat flour, amaranth and quinoa   
 
Protein quality estimation 
An adequate supply of dietary protein is crucial since 

proteins are the major structural component of all body cells, and 
are essential to maintaining cellular integrity and function, health 
and reproduction (Food and Nutrition Board, I. O. M., 2005). 
Vegetable proteins are considered useful components due to 
their high biocompatibility, nutritional value and low cost, 
particularly in foods rich in essential amino acids (Gorinstein et 
al., 2002). The scoring patterns proposed by FAO/WHO expert 
Committee were designed for evaluating the adequacy of 
proteins for different age groups, and they should be based 
mainly on the estimated amino acid requirements for the specific 
age group. The proposed patterns are expressed as mg of amino 
acid per gram of protein. The amino acid values were selected so 
that proteins having the amino acid composition matching or 
exceeding the scoring pattern should meet the requirements for 
all the essential amino acids when consumed in the amount that 
will meet the total requirement for high quality protein 
(FAO/WHO, 1973).  

 
Table 2. Protein digestibility and protein quality parameters 

– protein digestibility, chemical score (CS), essential amino acid 
index (EAAI) and protein efficiency ratio (PER) 

Sample 
Protein 

digestibility 
(%) 

CS (%) EAAI (%) PDCAAS 

Wholegrain 
wheat 85.62 20.99 (Ile)* 56.07 2.75 

Wholegrain 
buckwheat 83.26 22.57 (Ile)* 68.36 3.35 

Amaranth 84.58 47.59 (Ile)* 59.76 6.17 
Quinoa 79.25 16.24 (Leu)* 45.68 2.90 
* CS were presented for restrictive amino acids 
 
The calculated protein quality parameters of the samples 

analysed are shown in Table 2. The values obtained were in the 
range from 2.75 to 6.17 for PDCAAS. According to the results 
obtained, it is evident that amaranth possessed the highest 
protein efficiency ratio. The protein digestibility of wheat, 
buckwheat and amaranth were similar, whereas quinoa showed 
slightly lower protein digestibility.  
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CONCLUSIONS  
A comparative study of pseudocereals (buckwheat, amaranth 

and quinoa) and wheat flour (the global staple food) showed the 
superiority of pseudocereals relative to the protein content and 
its quality. Regarding lysin, the limiting amino acid of a majority 
of plant proteins, buckwheat, amaranth and quinoa possess 
almost twice as much of the recommended lysin value. 
Conversely, the fat content of pseudocereals under consideration 
was more than twice as high as that of wheat, which poses an 
issue to be tackled if these seeds are to be incorporated in foods, 
especially regarding storage conditions and the shelf-life of 
products. Accordingly, buckwheat, amaranth and quinoa are 
promising raw materials that can be used for the development of 
a range of value-added bakery products.    
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ABSTRACT 
Local Kadirli radises were harvested and divided into four different groups. The crops were selected according to their 

uniformity, and then cut manually using a sharp knife. Treatments with 1 % calcium chloride, 1 % chitosan coating and 1 % calcium 
chloride + 1 % chitosan coating were applied to the fresh-cut radish slice samples and stored in a polypropylene box at 0 ° C in the 
90 % relative humidity for 12 days. The treated fresh-cut radish samples were analyzed for mass loss, firmness, ethylene production, 
color (Chroma), sensory analysis, chemical (TSS, pH), microbiological and E.C. membrane integrity for 3-day intervals during 
storage. When the data obtained from the study were evaluated, it was determined that the calcium chloride application had 
significant effects on the mass loss (%) and firmness (N) of the samples examined, whereas CaCI2 exerted a significant impact on the 
firmness and E.C. (%) membrane integrity of the samples examined. According to the results of microbiological analysis, the 
chitosan application was found to exert a notabe effect on the development of total aerobic bacteria.  

Keywords: calcium chloride, chitosan, firmness, fresh-cut, radish, storage. 

REZIME 
Lokalne Kadirli rotkvice su podeljen je u četiri grupe, odmah nakon ubiranja. Rotkvice su podeljen je u odnosu na njihovu 

uniformnost, a potom su ručno rezane sa oštrim nožem. Tretmani sa 1% kalcijum hloridom, 1% hitozanom, i 1% kalcijum hloridom    
+1% hitozanom su primenjeni na sveže izrezane uzorke i skladištene u polipropilenske kutije na 0°C sa 90% relativne vlažnosti 
vazduha u trajanju od 12 dana. Tretirani sveže rezani uzorci su analizirani prema gubitku mase, čvrstini, proizvodnji etilena, boji 
(hromatičnosti), senzornim osobinama, hemijskom sastavu (TSS, pH), mikrobiološkim osobinama, i postojanosti membrane u trajanju 
od 3 dana tokom skladištenja. Procenom dobijenih podataka, definisan je značajan efekat tretmana kalcijum hloridom na maseni 
gubitak (%) i čvrstinu (N) uzorka, dok CaCI2 pokazuje značajan učinak na čvrstoću i postojanost membrane uzorka. Prema 
razultatima mikrobiološke analize, upotreba hitozana ima primetan efekat na razvoj aerobnih bakterija.  

Ključne reči: kalcijum hlorid, hitozan, čvrstoća, zveže sečene rotkvice, skladištenje. 
 

 

INTRODUCTION 
Fresh fruits and vegetables, which are important food 

sources, are rich in dietary fibers and phytochemicals, thus play 
an important role in human nutrition (Mahajan, 2017). 
Vegetables and fruits, especially those consumed fresh, help to 
prevent various diseases (Jovanović et al., 2016). Nowasdays, 
many consumers are aware of the importance of fresh 
vegetables, which are important sources of vitamins, minerals 
and fibers in their daily nutrition (Jovanović et al., 2016). For 
these reasons, an increase in the consumption of fresh products 
has led to the development of the sector related to these products 
(Jovanović et al., 2016). In addition, fruits and vegetables are 
rapidly degraded because they contain a high proportion of water 
and continue their metabolic activities after harvesting (Mahajan 
2017). These deteriorations can be defined as browning, mass 
loss and microbial tissue spoilage (Pushkala et al., 2013). 
Efforts are being made to develop cheap and effective strategies 
to minimize these negative situations and to provide consumers 
with better quality and longer shelf-life products (Pushkala et 
al., 2013). These studies include chemical and natural 
preservatives (liquid chlorine, calcium, essential oils, citric acid, 
etc.), active packaging, edible coatings (chitosan, starch, 

cellulose, alginate, wax etc.), Modified Atmosphere Packaging 
(MAP) (Corbo et al., 2010). The radish (Raphanus sativus L.) 
belongs to the family of Brassicaceae (Cruciferae). It is a rich 
vegetable featuring a number of cultivars and devoted to wide 
production areas, especially in China, Japan and Asia, where 
radishes play an important role in the fresh vegetables 
requirement of consumers (Akan et al., 2013). The radish is a 
vegetable consumed especially by salting, as well as in the form 
of shredded garnish and salad (Kaneko and Matsuzawa 1993). 
While radishes are generally consumed fresh in Europe, radishes 
produced in Asian countries are generally consumed, cooked, 
pickled or dried (Akan et al., 2013). The root portion consumed 
in radishes can be of various sizes and colors (Akan et al., 2013). 
The total volume of the radish production in Turkey indicates a 
slightly increasing trend since 2010 (TÜİK 2017a). The white 
radish production in Turkey started in 2014. The annual per 
capita consumption of radishes in the country is 2.2 kg / year 
(TÜİK 2017). The annual amount of radish exports is 640 tons 
(TÜİK 2017a). Radishes are grown in almost every region of 
Turkey. However, the Turkish radish production is more intense 
in the provinces such as Osmaniye, Ankara, Kahramanmaras, 
Hatay, Mersin and Konya (Akan et al., 2013). The Kadirli 
district of Osmaniye generates 70-80 % of the total radish yield 
in Turkey (TÜİK 2017b). The radish is an important source of 
vitamin C (ascorbic acid), folic acid, potassium, B6, riboflavin 
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and magnesium (Akan et al., 2013). Minimally processed fresh 
products have a number of advantages such as saving time and 
reducing solid waste problems. As they are partially prepared, no 
additional preparation is required for their use (Pilizota et al., 
2004). Calcium is a metabolite that plays an important role in 
regulating the physiological functions of fruits and vegetables 
during and after harvest (Aghdam et al.,2012). Calcium is a 
potential regulator of  the physiology of fruits and vegetables at 
the cellular level after harvest (Aghdam et al.,2012). It also plays 
an important role in the quality and preservation of fruit and 
vegetables by maintaining the integrity of the cell membrane of 
calcium fruits and vegetables and by reducing the membrane 
permeability (Kou et al.,2015). Different calcium salts such as 
calcium lactate, calcium chloride (CaCI2), calcium phosphate, 
calcium propionate and calcium gluconate are used in pre-
harvest and post-harvest treatments of fruits and vegetables to 
reduce their physiological disorders (Naser, et al.,2018). Among 
these salts, CaCI2 is widely used to preserve the quality and 
texture of post-harvest fruits and vegetables (Naser, et al.,2018). 
CaCI2 is used as a hardening additive in the canned tomatoe and 
cucumber pickle industry (Guzman and Barrett 2000). Other 
products that are protected and developed by CaCI2 include all 
apples, whole hot peppers, whole or sliced strawberries, chopped 
tomatoes and whole peaches (Guzman and Barrett 2000). CaCI2 
provides texture protection, development enhancement, cell wall 
and middle lamella complexing pectins, calcium ions, 
stabilization of cell membrane with calcium ions, and the effect 
on cell turgor pressure (Guzman and Barrett 2000). Fruits and 
vegetables contain 80-90 % water and are highly degradable 
(Dhall 2012). If there was no cuticle layer on the surface of fruit 
and vegetables, the water in the product would evaporate 
rapidly, causing the shelf-life of the product to shorten (Dhall 
2012). The main losses in fruits and vegetables occur from 
harvest to consumption (Dhall 2012). When fruit and vegetables 
are harvested, the gas balance between oxygen production and 
carbon dioxide production is changed (Dhall 2012). The 
prolongation of the post-harvest shelf life of food products 
depends on three critical factors: the reduction of water loss, the 
impediment of physiological processes (such as maturation and 
aging) and the reduction of initial microbial load and rate of 
increase (Dhall 2012). Techniques such as controlled 
atmosphere storage and modified atmosphere storage are used to 
reduce quality losses during storge (Dhall 2012). Edible films 
and coatings have become widespread nowadays and have been 
used in the fruit and vegetable industry (Nawab et al., 2017). 
Edible coatings form a barrier on the product surface, thus 
hindering water loss and oxidation rate (Nawab et al., 2017).  
Commercially used edible films and coatings are produced from 
waxes, polyesters, oils, resins, polysaccharides and proteins 
(Hassan et al., 2018). Starch is the storage polysaccharide of 
various legumes and tubers, and is a commonly used raw 
material for various industrial uses (Dhall 2012). Films and 
coatings made from starch are widely used because they are 
transparent, odourless and tasteless, and also have good oxygen 
and carbon dioxide barriers (Hassan et al., 2018). However, due 
to their hydrophilicity, starch-based films and coatings are 
soluble in water and act as a weak water barrier (Hassan et al., 
2018). Starches, a source of high amylase, such as corn starch, 
are often used in the food industry because they provide a good 
film formulation (Dhall 2012). They are alternative edible 
coating methods which enhance the quality of minimally 
processed products (Wong et al., 1994). Fresh-cut products are 

gaining popularity for their convenience. The purpose of this 
paper is to examine the quality preservation of fresh-cut radishes 
and their quality loss during cold storage. Therefore, the effects 
of CaCI2 and chitosan, separately and in a combination 
(CaCI2+chitosan), on the quality and shelf life of fresh-cut 
radished were examined in the present study.  

MATERIAL AND METHOD 
Preparation of chitosan coating and % CaCl2 solution 
Chitosan (CH) solutions were made according to (Alvarez et 

al., 2018), and chitosan solution was dissoleved overnight at 
room temperature. CaCl2 solutionwere dissolved in distilled 
water with magnetic stirring at 25 ∘C. 

 

Plant materıal 
Lcal Kadirli radishes were used as raw material. After 

harvest, radishes, which are suitable for storage, were separated 
into four groups. After washing with deionized water, the first 
group was not subjected to any application, whereas the control 
group was separated (no treatment) (I), the second group 
radishes were terated with CaCl2 (1 % w/v) solution (II) (dipping 
for 2 min at 20oC). The third group of radishes were treated only 
with chitosan (1% w/v) (III) material (dipping for 2 minutes). In 
the fourth, radishes were first dipped in CaCl2 (1 % w/v) solution 
for 2 minutes, then the extra water was removed under room 
conditions and the crops were dipped in chitosan (1 % w/v) 
coating (IV) for 2 minutes. After the samples were treated with 
CaCl2 plus chitosan and coated, they were placed on a metal grid 
at room temperature (25 °C) until the coating material was dry. 
Fresh-cut radishes were stored at 0°C for 12 days. To determine 
the effects of the treatments, ethylene production rate, quality 
parameters (firmness, mass loss, soluble solids, electrical 
conductivity (E.C.) and color (chroma) value were measured 
every three days of storage (as described below). 

 

Determining Changes During Storage 
 

1. Mass Loss 
The mass loss of fresh-cut radishes was measured during 

storage by monitoring the mass changes of fresh-cut radishes. 
The mass loss was considered the difference between the initial 
and final mass of coated and uncoated fruits. The results are 
expressed as the percentage loss from the initial mass, according 
to the method described by Meng et al. (2008). The mass loss 
was expressed as a percentage of the initial mass. 

 

2. Texture and SSC Measurements 
The texture of the fresh-cut radishes (i.e. firmness) was 

detrmined using the CT3 model (Brookfield Engineering Labs 
Inc., Middleboro, MA, USA) (Bao et al., 2016). The samples 
were subjected to the following testing; compression, test 
distance; 4,00 mm, trigger load; 0.1 N and test speed;  1.00 
mm/s and TA39 (TA General Probe KIT- Brookfield 
Engineering Labs Inc.). The total amount of dry matter dissolved 
in water was calcualted relative to the amount of dry matter 
present in the fruit juice and the refractometer (sensitivity ± 
0.01) (Krüss brand) digital refractometer (Cemeroğlu, 2010). 

 

3. Colour Measurements 
The surface colour of the samples was determined using the 

Chroma Meter CR-400 (Konica Minolta, Tokyo, Japan) to 
assess the L (lightness), a (-green, +red) and b (-blue,+yellow) 
values. The chroma values (C) of the samples were calculated 
according to McGuire (1992). 
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4. Determination of Ethylene Production Rate 
The measurements of ethylene production were made using 

the Trace GC Ultra ThermoSCIENTIFIC brand Gas 
Chromatography (GC) device with a flame ionization detector 
(FID) and column (TG-624 30m x 0.32mm x1.80μm). The 
ethylene measurements were performed in 10 repetitions by 
taking 1 mL air sample of the jar head space with a plastic 
syringe evrey hour of measurement. Ethylene measurements 
were made at 20 oC and the results were expressed in μlC2H4 / kg 
/ h. 

 
5. Electrical Conductivity Measurements 
The electrical conductivity of the samples 

was measured according to Liu et al. (2016), 
with minor modifications. Three pieces of fruit 
steel core probe (10 mm diameter, 1 mm 
thickness), shaken 3 times and immersed in 25 
mL of distilled water at 25 °C for 2 hours, were 
used to determine the first electrical 
conductivity (E.C) (C.0) with the DDS-307A 
conductivity meter (Leici Inc., Shanghai, 
China). Then second measurement was made 
the next day, then the samples were frozen for 1 
night and the total electrical conductivity 
(E.C)(C1) was monitored at room temperature.  

 
6. Microbiological Analysis 
Sterilized 90 mL of peptoned buffer 

dilution liquid is placed into a stomacher bag 
and 10 g of radishe slices were taken under 
sterile conditions and homogenized in the 
stomacher bag. After homogenization, the 
samples were diluted 1/10 with buffer pepton 
water and the appropriate medium were sown 
using the cast plate method. In the experiments, 
all microbial cultivations were performed in 
parallel with each dilution and count results 
were expressed as log.cob / g by taking the 
average of these two parallels (Ulukanli and 
Karadag, 2010).  

 
6.1. Total Yeast and Mold 
The dilutions were prepared to determined 

the total number of yeast and mold in the 
radishes planted in ther PCA medium 
(containing 50 mg / L chloramphenicol 
antibiotic and cast plaque method) 
(Anonymous, 1989; Anonymous, 2001). 
Following the sowing process, the radish 
samples were incubated for 120 hours at 25 oC, 
and the number of colonies was counted 
(log/cob / g). 

 
7. Sensory Evulation 
Sensory evulation was measured for the 

determined acceptable level of radishes using a 
nine-point hedonic scale as (1: extremely poor; 
5: excellent) according to the method of Santos 
et al. (2012). 

 
8. Statistical Analysis  
Each result was expressed as the mean 

value ± standard deviation. All statistical analyses were 
performed using the SPSS version 13.0 (SPSS, Inc., Chicago, 
IL). One-way ANOVA and the least significant difference 
(LSD) tests were used to determine the significance of mean 
differences among the treatments and storage times. Differences 
at P < 0.05 were considered significant and are indicated using 
different letter designations. 

RESULTS AND DISCUSSION 
1. Mass Loss 
In general, fresh fruits and vegetables continue to their 

respiration after harvest and storage. This causes the loss of 

Fig. 1. Changes in the mass loss of fresh-cut radish slices 
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Fig. 2. Changes in the firmness of fresh-cut radish slices 
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water in fresh commodities and naturally causes the loss of 
mass. Mass losses lead to tissue changes that negatively affect 
the shelf-life of vegetables (Nawab et al., 2017). The coatings 
provide a semi-permeable membrane to fresh crops to protect 
them from water loss and gas transfer. The mass loss of the 
control group was higher (7 %) at the end of storage, whereas 
the lowest mass loss was recorded in the chitosan coated samples 
(4.4 %) (Fig.1). Therefore, the coating application reduced the 
moisture transfer from the fresh-cut radish surface to the 
environment. The rate of mass loss increased with the storage 
time at 0 ºC. Coating treatments significantly decreased the mass 
loss percentage compared to the control radish samples. The 
mass loss decrease recorded may be attributed to the CaCI2 and 

chitosan application which hindered the 
respiration rate of the radish samples. Previous 
studies have suggested that decreasing water 
losses may significantly affect radish appearance, 
i.e. prevent browning, wilting and shrivelling. 
However, the most significant changes in the 
appearance of radish slices were observed in the 
control samples. 

 

2. Firmness (N) and SSC (%) 
Measurements 

Tissue is an important factor in determining 
the sensory properties of fruits and vegetables. 
The tissue softening rate is closely related to the 
shelf-life of fruits and vegetables due to the 
depolymerization and dissolution of 
polysaccharides in the cell walls during the post-
harvest storage (Chong et al., 2015). In general, 
fruits and vegetables are preserved during the 
post-harvest period due to the metabolic activies 
and the loss of water in the product and decrease 
in the hardness of the fresh produce with aging. 
However, in many studies (apple, apricot and 
persimmon etc.), calcium application has been 
found to slow down the rate of decrease in flesh 
hardness.The firmness of radishes is the most 
important quality parameter that affects the 
quality of fresh commodities during their shelf 
life. At the initial time of storage, the radish 
texture was   about 8 N and decreased to nearly 
6 N after the treatments (Fig. 2). However, the 
firmnes of CaCI2 treated fresh-cut radishes was 
increased to approximately 13 N, followed by 
the chitosan and CaCI2+chitosan treated radish 
samples (8 N), which idicated that the chitosan 
coating prevented firmness losses  compared to 
the control radish samples during the 12 days of 
storage (Fig. 2). Statistically significant 
differences were found betweet the control 
radish samples and coated radish samples 
throughout the storage period. The total soluble 
solids value of fruits and vegetables is important 
for the taste of fresh commodities (Ikeda et al., 
2013). Coating treatments cause the slowdown 
of of fruits and vegetable metabolic activity, 
leading to a reduction of degradation reactions 
of polysaccharides (Liu et al., 2016). At the 
begining of storage, SSC approximated to 4 % in 
all the treatment. However, the SSC of the 
treated fresh-cut radish remained invariant at the 

end of storage. The SSC of the control group increased up to 5.5 
%, whereas significant differences between the treatments and  
SSC of control had the highest value at the end of storage 
(Fig.3.). 

3. Electrical Conductivity (EC) 
Tissue electrolyte leakage is a value that predicts the cell 

membrane damage of fresh produce, and there is a close relation 
with the cell membrane quality level of fresh-cut produce during 
the shelf life. The fresh-cut radish samples treated with CaCI2 
and chitosan coating showed low values of electrical 
conductivity (EC) and significant differences were found 
between the treatments conducted (P < 0.05) at the end of 

 
Fig. 3. Changes in  SSC of fresh-cut radish slices 
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Fig. 4. Changes in the EC of fresh-cut radish slices 
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storage (Fig.4.) (CaCI2 and chitosan treatments exhibited low EC 

levels at the end of storage.  
4. Color Determination 
The color of fruits and vegetables is the first 

quality parameter to be considered by consumers 
when buying, and is critical to the acceptance and 
purchase of the product. Therefore, different color 
indexes are used for a detailed description of this 
quality parameter. Chroma (C) values, which are 
color quality indices in this context, are 
characterized by internal and external color values 
of fruits and vegetables. As a result, these indexes 
are used as a parameter in the ripening, preservation 
and storage of fruits and vegetables (Goyeneche et 
al., 2014).The chroma color value of the fresh-cut 
radishes examined was around 6 at the begining of 
storage (Fig. 5). However, this value increased 
during storage and the CaCI2+chitosan  treated 
groups exhibited the highest C color value of 11 
compared to the other groupd (Fig. 5). 
5. Ethylene Production Rate 
Ethylene production levels affect the shelf life of 
many fruits and vegetables. Even very low amounts 
of ethylene exerst effect on the maturation and aging 
of many fruits and vegetables. For this reason, 
ethylene is a critical factor in the shelf life of fruits 
and vegetables, and is largely caused by the ripening 
of fresh products and the loss of freshness. The 
prevention or suppression of ethylene production is 
necessary to extend the shelf life. Significant 
statistical differences were found in ethylene 
prodution rates between the control and treated 
radish slices during storage (Fig. 6). The ethylene 
production of fresh-cut radish samples approximated 
to 0.07 (µl/kg/h) at the begining of storage. 
However, the ethylene production decreased to 
approximatelz 0.01 (µl/kg/h) during storage storage. 
However, the lowest ethylene production value was 
recorded in the CaCI2+chitosan treated samples at 
the end of storage. 
6. Microbiological Analysis 
The outer surfaces of fruits and vegetables may be 
contaminated with various mesophilic 
microorganisms and coliform bacteria, as they come 
into contact with soil, irrigation water, packaging 
facilities and many different places during the 
growth period (Jovanović et al., 2016). Yeast and 
molds act as hidden or strong parasites, depending 
on plant resistance, ambient conditions and 
competing microflora (Goyeneche et al., 2015). 
When plant resistance decreases after harvesting, 
they show an extreme development and lead to a 
rapid deterioration of the plant (Goyeneche et al., 
2015). CaCl2 and chitosan strengthen the structure 
of the cell wall and prevent the deterioration of 
fruits and vegetables after harvest and thus provide a 
protective barrier for fruits and vegetables (Liu et 
al., 2016). 
7. Sensory Analysis 
The coating and CaCI2 treatments showed better 
taste and aroma sensory quality than other 
treatments. The panelists did not taste any off -odors 
in the fresh-cut radish samples presented  (Fig. 8). 

Fig. 5. Changes in the chroma color values of fresh-cut radish slices 
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Fig. 7. Changes in the total yeast count in the mildew of fresh-cut radish slices 
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Fig. 6. Changes in the ethylene production rate of fresh-cut radish slices 
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CONCLUSION 
The shelf-life of fresh-cut radishes can be prolonged with 

CaCI2 and chitosan treatments. There are several studies that 
include postharvest coating treatments that can be applied to 
enhance the quality, storage and shelf life of radishes in the 
literature. The present investigation showed the use of chitosan 
coating and CaCI2 treatments on fresh-cut radishes. Chitosan 
coating treatments and CaCI2 were found to improve the shelf 
life of radisdhes. Coatings provide a semi-permeable barrier on 
the coated product, which decreases the O2 and CO2 exchange 
between the coated product and the environment and suppresses 
the ethylene production rate and mass loss decline in fresh-cut 
radishes during storage. CaCI2 exerted a significant impact on 
the firmness and EC membrane integrity. Chitosan coating and 
CaCI2 treatments prevented the loss of quality by preventing 
water and fimness loss. To conclude, we suggest that chitosan 
and CaCI2 treatments do not only favor the quality of minimally 
processed fresh-cut radishes, but also reduce the microbial 
growth and fruit tissue decay. Furthermore, these treatments can 
be applied to freshly harvested radishes when required. The 
effect on the other quality parameters of the fruit needs to be 
assessed in future research. On balance, it was found that 
calcium chloride + chitosan applications contribute significantly 
to the preservation of the physical properties of fresh-cut 
radishes (mass loss and tissue). The quality losses of radishes, 
caused by mass and firmness losses, were hindered for a longer 
period due to the application of calcium chloride. The 
application of calcium chloride and chitosan is low-cost, thus 
can be easily applied by fruit and vegetable producers in 
practice. 
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ABSTRACT 
 The primary purpose of this study is to create a thermal model of a photovoltaic module which is usable under real climatic 

conditions in the Central Europe region. The system for temperature measurements of the photovoltaic module was designed and 
built at the Department of Physics SUA in Nitra. The climate data utilized in the present study were obtained from a weather station. 
The measurements were performed during the summer on PV modules. The results obtained indicate that the response of the module 
temperature is dynamic with changes in irradiance and module temperature, particularly during the periods of fluctuating 
irradiance. Mathematical descriptions of the obtained time-temperature and time-irradiance relations were made on the basis of the 
experimental results obtained. A second-degree polynomial function was established for every graphical relation obtained with 
relatively high coefficients of determination. The temperature model of PV modules was generated after fitting the experimental 
results to real dependencies and correlation analysis values.  

Key words: external factor, relation, solar system, energy. 

REZIME 
Primarni cilj ovog rada je kreiranje termalng modela fotonaponskog modula koji je upotrebljiv u pravim klimatskim uslovima u 

regionu Centralne Evrope. Sistem za merenje temperature fotonaponskog modula je projektovan i napravljen na Departmanu za 
fiziku, Slovačkog poljoprivrednog univerziteta u Nitri, Slovačka. Klimatski podaci prikazani u radu su izmereni stanicom za prognozu 
i praćenje vremenskih uslova. Merenja su obavljena tokom leta sa PV modulom. Dobijeni rezultati pokazuju da je odziv temperature 
modula dinamičan sa promenama zračenja i temperature modula, posebno u periodima fluktuirajućeg zračenja. Na osnovu dobijenih 
eksperimentalnih rezultata napravljeni su matematički modeli dobijenih odnosa temperaturnog zračenja i vremena. Polinomna 
funkcija drugog stepena je definisana za svaki grafički odnos, sa relativno visokim koeficijentima determinacije. Temperaturni model 
PV modula nastao je nakon prilagođavanja eksperimentalnih rezultata  sa stvarnim zavisnostima i vrednostima korelacione analize. 

Ključne reči: spoljni uticaj, relacija, solarni sistem, energija. 
 

INTRODUCTION 
One of the most important renewable energy is solar energy 

due to its availability and cheap energy resources. Photovoltaic 
cells are devices which directly convert solar energy into 
electrical energy (Chander et al., 2015). The possibilities of 
photovoltaic system application were described in publications 
by Čorba et al. (2009) and Milićević et al. (2012). The PV 
module operating temperature is dependent on many factors: 
solar radiation, ambient temperature, wind speed and direction, 
module material composition and mounting structure. These 
dependencies have been argued by Amstrong (2010), Bilčík and 
Božiková (2018), Malínek et al. (2018) and Libra et al. (2017). 
A number of factor exert effects on the PV cell energy 
production, but temperature is of paramount importance. 
Amstrong (2010), Jones (2001), Duffie (1980), Schott (1985) 
and Servant (1985) studied the effects of the PV module 
operating temperature on the output efficiency, reporting that 
increasing temperature decreases the amount of power available. 
Therefore, the present paper deals with the analysis of 
photovoltaic module temperature. Experiments under real 
climatic conditions were conducted including the photovoltaic 
system located in the area of CULS in the Czech Republic. The 
temperature of photovoltaic modules was detected using a fully 
autonomous measuring system with 24 temperature sensors. The 
climatic data were collected from a weather station which 
located near the photovoltaic system.  

 

MATERIAL AND METHOD 
A system for measuring temperature, i.e. one of the most 

important external factors, was designed and constructed for the 
purpose of the study. The system consists of B&R components 
and operates fully automatically. It is run by a software, which 
was programmed in the Automation Studio. 

 

 
Fig. 1 Measuring system 

 

The PV module consists of several components made of 
different materials. It was necessary to measure the temperature 
of the individual components of the PV module. The measuring 
system features 24 temperature sensors. The accuracy of these 
sensors is ± 0.75 %. The thermal camera Fluke TiR1 was used 
for detecting temperature changes on the PV module surface. 
The measurements performed indicate that different parts of the 
PV module exhibit different temperatures (Figure 2).  
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Fig. 2 Identification of temperature changes using the 

 thermal camera Fluke TiR1 
 

Climatic data were obtained from a weather station in the 
area of CULS. The weather station measures ambient 
temperature, humidity, air pressure, rainfall, wind velocity, wind 
direction and solar radiation. Ambient temperature was 
measured using the sensor HMP45C manufactured by Vaisala, 
Inc. The measurement accuracy of the sensor HMP45C was ± 
0.5 °C. The solar radiation was detected using the pyranometer 
CM11 (Kipp & Zonen).  

 

 
Fig. 3 Weather station in the CULS area in Prague 

 

The main experiment was carried out on the polycrystalline 
PV module (Table 1). Polycrystalline solar modules tend to have 
slightly lower heat tolerance than monocrystalline solar 
modules. This technically means that they perform slightly 
worse than monocrystalline solar modules at high temperatures. 
Heat can affect the performance of solar modules and shorten 
their lifespans. The efficiency of polycrystalline-based solar 
modules is typically (13 – 16) %, in our case the efficiency of 
solar module was 14 %. 

 

Tab. 2 Technical parameters of the PV module 
Brand Yingli Solar 
Module type YL230P-29b 
Rated maximum power 230 W 
Rated voltage 29.5 V 
Rated current 7.8 A 
Size (1590 x 990 x 45 ) mm 

RESULTS AND DISCUSSION 
The experimental results are presented in graphical 

dependencies, especially the time-temperature and solar 
radiation relations via temperature dependencies. The following 
parameters were measured: temperature of the PV cells active 
part, temperature of no active white part of the PV module and 
temperature of the PV module frame. The thermal camera was 
used to determine differences between the upside and downside 
temperatures of the PV module, so the temperatures were 
measured on both the upside and downside of the PV module.  

 
Fig. 4 Time-temperature dependencies of the PV module 

different parts and ambient temperature – real curves 
 
Figure 4 shows changes in the temperatures of the PV 

module individual parts. The graphical relation in Figure 4 
represents a certain deviation from the expected trend of 
temperature, which is consistent with the theoretical models 
presented in the literature (Amstrong (2010), Jones (2001), 
Duffie (1980), Schott (1985), Servant (1985)). The primary 
purpose of this paper is to create a simplified mathematical 
model for temperature and solar radiation which could be used 
for predicting the operational parameters of PV modules. From 
the mathematical description perspective, it was necessary to 
smooth out extreme parts of the time-temperature graphical 
dependences, so a fitting procedure was applied. The fitting 
procedure eliminates extremes of graphical dependencies which 
did not correspond to the assumed trend of the graphs. This 
procedure was used for all the measured dependencies. 
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Tab. 1 Table of statistical coefficients for the time-
temperature relations 

 

Coefficients of the 
regression equation 

 Part of PV 
module A B C Coefficients of  

determinations 

PV cells -1035.7 1101.4 -240.06 0.97 
Frame -642.8 699.13 -149.84 0.97 

White part -814.68 865.29 -181.27 0.98 
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The following objective of this research was to identify the 
effect of ambient temperature on the temperature of different 
parts of the PV module through correlation analysis of all 
graphical dependencies. The correlation coefficients were found 
in the range from 0.32 to 0.7. A correlation coefficient of 0.34 
was found for the correlation between the ambient temperature 
and the temperature of the PV cells, which indicates a middle-
degree correlation. The temperature of the PV module frame and 
ambient temperature correlate significantly with a correlation 
coefficient of 0.7. Moreover, the correlation between the 
temperature of the PV module and white area was identified as 
mild with a correlation coefficient 0.32. On the basis of the 
results obtained, the influence of ambient temperature on the 
temperature of the individual parts of the PV module is evident. 
This result is new because all the mathematical models arguedd 
in the literature ( Amstrong (2010), Jones (2001), Duffie (1980), 
Schott (1985), Servant (1985)) assume the constant temperature 
of all PV module parts which is contrary to the results obtained 
under real conditions. Figure 6 show the fluctuations in the 
intensity of sunshine due to cloudiness change. These 
fluctuations also affected the temperature of the PV cells.  These 
extremes were inappropriate for creating a mathematical model, 
so fitting procedure was applied.  

 

 
 

Fig. 5 Time-temperature dependencies of the PV module 
different parts and ambient temperature after the fitting 

procedure and regression analysis 
 

The next step of graphical dependency processing was a 
regression analysis. The regression analysis allowed the 
selection of the most appropriate graphical dependence. On the 
basis of the descriptive characteristics (coefficients of regression 
equation, coefficients of determination etc.) of graphical 
dependencies, a second-degree polynomial function was created, 
which is represented by the following regression equation (1): 

 

𝑇 = 𝐴𝑡2 + 𝐵𝑡 + 𝐶  (1) 
 

Where T – is the temperature of the PV module part, t – is 
time. Coefficients of the regression equation and coefficients of 
determinations are presented in Table 2. Consequently, a 
polynomial function for the time-temperature relations was 
obtained, in contrast to mainly linear or exponential graphical 
dependencies by Amstrong (2010), Jones (2001), Duffie (1980), 
Schott (1985), Servant (1985).  

 
Fig. 6 Time-temperature and solar radiation 

 dependencies – real curves 
 
After applying the fitting procedure, graphs with smooth 

curves were obtained (Fig. 7.) and a regression analysis was for 
regression equations, i.e. the second-degree polynomial function. 
These functions are generally represented by a regression 
equation (2). 

 
𝐼 = 𝐸𝑡2 + 𝐹𝑡 + 𝐺 (2) 
 
where I – is solar radiation, t – is time. Table 3 shows the 

coefficients of this regression equation and the coefficients of 
determinations.  Determination coefficients are relatively high, 
ranging from 0.8 to 0.92. A second-degree polynomial function 
was chosen not only from the mathematical perspective, but also 
from the physical theory perspective that predicts the polynomial 
progress of temperature in relation to the culmination of the 
sun's intensity.  

A basic correlation analysis was performed to evaluate 
graphical dependencies as in previous cases. The correlation 
coefficients for the correlation between the temperature of the 
PV module different parts and the solar radiation intensity were 
in the range of 0.69 - 0.89, indicating a high-degree correlation. 
The result of the measurements and statistical evaluation are 
consistent with those reported in the literature, confirming that 
the intensity of solar radiation significantly affects the 
temperature of the PV module. 

 

𝑇𝐶 =  𝑇𝑎 +  𝛼𝐺𝑇(1 +  𝛽𝑇𝑎)(1 −  𝛾𝑣𝑊)(1 − 1.053𝜂𝑐) (3) 
 

Equation 3 presents a temperature model by Servant. This 
model incorporates parameters such as ambient temperature, 
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Tab. 3 Table of statistical coefficients for time relations of 
solar radiation 

 
Coefficients of the regression 

equation  
Part of PV 

module E F G Coefficients of  
determinations 

PV cells -844.75 909.13 -192.33 0.8 
Frame -590.66 645.21 -135.68 0.92 

White part -542.29 577.58 -105.98 0.82 
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solar radiation, module electrical efficiency and constant wind 
velocity with value 1 ms-1. The values of constants are α = 
0.0138, β = 0.031 and γ = 0.042.  

 
𝑇𝐶 =  𝑇𝑎 +  𝐺𝑇

𝐺𝑁𝑂𝐶𝑇
�𝑇𝑐,𝑁𝑂𝐶𝑇 − 𝑇𝑎,𝑁𝑂𝐶𝑇� �1 −  𝜂𝑐

𝜏𝛼
� (4) 

 
The temperature model by Davis, Dougherty and Fanney is 

showed in Equation 4. The coefficient NOCT (nominal 
operating cell temperature) is incorporated in the model and 
defined as the temperature of a device at the conditions of the 
nominal terrestrial environment: solar radiation flux 800 W.m-2, 
ambient temperature 20 °C, average wind speed 1 m.s-1, zero 
electrical load (i.e. open circuit), and free-standing mounting 
frame oriented ‘‘normal to solar noon’’.  

Both the equations predict the temperature of the PV cell 
with a linear trend. However, Equations 1 and 2 represents 
second-degree polynomial functions, which are superior because 
the culmination of sun intensity has a polynomial trend too.   

 

 
Fig. 7 Time-temperature dependencies of the PV module 

different parts and solar radiation after the fitting procedure and 
regression analysis 

CONCLUSION 
The results obtained are in good agreement with those 

reported in the literature (Amstrong (2010), Jones (2001), Duffie 
(1980), Schott (1985), Servant (1985)). On the basis of the PV 
module temperature and solar radiation intensity measurements 
performed, it is evident that the reaction of the PV module 
temperature is dynamic under real conditions. The temperature 
changes in the PV module different parts, for the Central Europe 
region, were characterized by second-degree polynomial 
functions (determined by the regression analysis of the 
experimental data and the application of the fitting proper 
procedure). The correlation analysis confirmed a significant 
influence of solar radiation intensity on the temperature of 

polycrystalline PV modules, as well as a partial influence of 
ambient temperature on the PV module temperature. The 
temperature of the PV module depends on the material of PV 
module components. 
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ABSTRACT 
The revitalization of marginal agricultural soils poses one of the major challenges to the Croatian agriculture. One of the viable 

solutions could be the introduction of perennial energy crop Miscanthus x giganteus in the intensive agricultural bioenergy 
production. Miscanthus is characterized by the possibility of growth under different agro-ecological conditions, featuring low growth 
requirements and high-yielding biomass production. The purpose of this paper is to determine the possibility of the Miscanthus 
introduction to currently abandoned and marginal agricultural lands in Croatia. There are more than 600,000 ha of that type of 
lands, identified as potentially interesting areas for planting various energy crops. Furthermore, it will be determined how much 
biomass and how many various biofuels can be produced from Miscanthus x giganteus devoted to 5 %, 10 % and 15 % of the 
potentially available abandoned land.  

Keywords: Miscanthus x giganteus, abandoned areas, revitalization, biofuel 

REZIME 
Revitalizacija zapuštenih poljoprivrednih površina predstavlja jedan od glavnih izazova hrvatske poljoprivrede. Jedno od 

mogućih rješenja moglo bi biti uvođenje višegodišnje energetske biljke Miscanthus x giganteus u intenzivnu poljoprivrednu 
proizvodnju za proizvodnju bioenergije. Miskantus karakterizira mogućnost uzgoja u različitim agroekološkim uvjetima, niske 
potrebe tijekom uzgoja i proizvodnja visokog prinosa biomase. Cilj ovog rada je utvrditi mogućnost uvođenja miskantusa na trenutno 
napuštene i marginalne poljoprivredne površine u Hrvatskoj. Postoji više od 600.000 ha te vrste poljoprivrednih površina koje su 
potencijalno zanimljivije za sadnju različitih energetskih usjeva. Nadalje procjena količina biomase i raznih biogoriva koje se može 
proizvesti iz miskantusa uzgojenih na 5%, 10% i 15% potencijalno dostupnih napuštenih površina. 

Na osnovu analize uzgoja Miskantusa na napuštenim područjima Sisačko-moslavačke, Karlovačke i Ličko-senjske županije, može 
se zaključiti da postoji veliki potencijal za proizvodnju biomase i bioenergije - bioplin, bioetanol i toplinska energija. Proizvodnja 
biomase može imati direktan utjecaj na smanjenje uvoza fosilne energije i goriva, podsticanje energetske nezavisnosti i smanjenje 
negativnog uticaja na životnu sredinu i klimatske promjene. 

Ključne riječi: Miscanthus x giganteus, zapuštene površine, revitalizacija, biogoriva. 
 

INTRODUCTION 
Energy crops show the significant potential for future energy 

production in the world. A number of studies have reported that 
energy crops can be used for the economically and 
environmentally sustainable energy production. Some energy 
crops can be grown on marginal land with a high biomass yield 
(Koçar et al., 2013). A very interesting energy crop for biomass 
production is the grass Miscanthus (Miscanthus x giganteus), 
which has recently attracted increased attention in both Croatia 
and the EU. This crop does not require special cultural practices 
and agroecological conditions because it is exceptionally 
adaptable to various climatic and pedological environments 
(Krička, et al., 2007; Voća et al., 2016). Miscanthus improves 
soil fertility, reduces erosion and positively affects its 
biodiversity. It is resistant to diseases and pests, whereas 
fertilization requirements are low (Miguez et al., 2008). 
However, the positive ecological aspect of Miscanthus 
production is limited by the first and possibly the second year of 
cultivation due to herbicide treatments and other cultural 
paractices. Miscanthus is easy to grow and harvest. It is a 
perennial herb (growing more than 25 years from the same root) 
that efficiently utilizes nitrogen and water. It is resistant to 
diseases and pests, has good dry matter yields and good heating 

values. These are desirable positive properties for the sustainable 
Miscanthus production alongside ensuring environmental 
protection and conserving natural resources through improved 
soil quality and reduced nitrate leaching (Miguez et al., 2008). 
Because of all these characteristics, Miscanthus is an 
ecologically and economically viable raw material for 
agricultural energy production. At present, Miscanthus is used 
co-firing with coal and/or their direct incineration for heat and/or 
electricity production. Using different compressing technologies, 
biomass is processed by briquetting and pelleting, thus can be 
used more efficiently in the production of “green energy” 
(Bilandžija, et al., 2017). Moreover, this crop can be used in 
combination with other raw materials for improving the 
anaerobic fermentation in biogas production, as well as the 
production of other liquid biofuels, especially the second-
generation bioethanol (due to high contents of cellulose and 
hemicellulose). The Miscanthus biomass can significantly 
preserve fossil fuels: 20 t of the Miscanthus biomass is 
equivalent to 12 t of coal, wheras 30 t of biomass is equivalent to 
12,000 litres of fossil fuel. Miscanthus can also be used for other 
purposes, such as the paper, plastic, construction material and 
other biomaterial production. It is also used to improve soil 
structure, erosion reduction and phytoaccumulation (Jones and 
Walsh, 2001; Baxter et al., 2013, Bilandžija, 2014). 
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In the cultivation of lignocellulosic crops, the 
focus should be put on the utilisation of abandoned 
agricultural lands. According to the digital CLC 
database (2012), the total abandoned agricultural 
land in Croatia amounts to almost 600,000 hectares, 
which represents a large potential for introducing 
energy crops without interfering with the current 
agricultural production. Therefore, the purpose of 
this paper is to analyse the possibility of introducing 
the energy crop of Miscanthus to currently 
abandoned agricultural areas in Croatia and their 
revitalization for energy production. On the basis of 
the data obtained, the amount of potentially available 
biomass generated from Miscanthus on such soils 
will be calculated, as well as the concomitant 
quantities of biofuel obtainable by its processing. On 
the basis of the expected Miscanthus yields for lower 
quality soils, the Miscanthus biomass potential for 
biogas, heat energy and ethanol production will be 
calculated. The calculations will be performed 
relative to 5 %, 10 % and 15 % of the abandoned 
agricultural land in Croatia, with the emphasis on the 
Sisak Moslavina, Karlovac and Lika-Senj counties. 

MATERIAL AND METHOD 
For the purpose of the present research, the latest 

data of the Central Bureau of Statistics and the 
Corine Land Cover (CLC) digital database have been 
processed. The CLC Croatia base is consistent and 
homogenized with the land cover data across the 
European Union. It was developed according to the 
CORINE (Coordination of Information on the Environment) 
Coordination Program adopted by the European Union and 
serves as a fundamental reference data set for territorial and 
spatial analysis. CLC Croatia is publicly available as a GIS 
browser (AZO, 2015). Table 1 shows the condition of 
agricultural land by counties (ha). These areas, which are in the 
CLC digital database, are placed in the category of grassland and 
treated as agricultural areas with a significant share of vegetation 
(abandoned areas or areas with poor processing) that could be 
relatively quickly converted to intensive agricultural production. 

According to Table 1, agricultural areas ideal for the 
Miscanthus production are located in the following counties in 
Croatia: Sisak-Moslavina (63,062 ha), Karlovac (53,273 ha) and 
Lika-Senj (33,299 ha). Those counties will be subjected to 
further evaluation and research. The Istrian and Split Dalmatia 
counties, for example, were not involved in this calculation 
because those areas are primarily used for the intensive 
production of horticultural crops, featuring unfavourable 
climatic conditions for energy crops. Furthermore, as the Law on 
Short Rotation Crops (OG 15/2018) defines areas for cultivating 
energy crops that are classified as abandoned areas with poor 
quality such as soils in the Sisak-Moslavina, Karlovac and Lika-
Senj counties with no intensive food production. Areas in the 
Osijek-Baranja and Vukovar Srijem counties are not favourable 
for the energy crop production as they are devoted to the 
production of food crops such as cereals and oilseeds, which 
require high-quality soils. (OG 15/2018). Accordingly, the 
counties of Sisak-Moslavina, Karlovac and Lika-Senj were 
chosen based on the following criteria (OG 15/2018): low food-
energy crop competition, reduced agricultural potential due to a 
low population density and satisfactory agro-climatic conditions 
for cultivating Miscanthus. It is characterized by a significant 
amount of available abandoned agricultural areas suitable for the 
cultivation of energy crops, which are not used today in any 

form of agricultural production. The expected yield of 10 tonnes 
of dry matter per hectare was used for calculating the 
Miscanthus biomass energy potential relative to three basic 
scenarios including 5 %, 10 % and 15 % of the abandoned land 
under consideration. Thermal energy, biogas and bioethanol 
potential will be calculated and compared to the literature data. 

The expected yield of the Miscanthus biomass obtained from 
the low-quality abandoned soils considered was determined 
according to previous research (Bilandžija et al., 2014) and 
amounted to 10 t/ha of dry matter. For the calculation of the 
thermal energy potential, the range of lower heat value of 
Miscanthus x giganteus (17.60 to 17.91 MJ/kg), from our 
previous investigations, was used (Bilandžija et al., 2014). The 
thermal energy potential of the investigated counties expressed 
in MJ is shown in Table 3. 

The average share of ash according to Bilandžija (2014) was 
calculated according to the formula: 

 
𝑎𝑣𝑒𝑟. 𝑎𝑠ℎ 𝑐𝑜𝑛𝑡. = 1,30 x dry matter yield/100 

 
The obtained average ash content was taken from the dry 

matter yield in order to obtain the organic dry matter. The above 
calculation is based on the following formula: 

 
𝑜𝑟𝑔.𝑑.𝑚. = dry biom. yield (t/ha) − aver. ash con. (t/ha) 

 
An average literature value of 253.3 Nm3/t of the organic dry 

matter was used for the calculation of biogas yields (Kiesel and 
Lewandowski, 2014). The biogas yield results are expressed in 
m3 in accordance with the formula (Kaltschmitt and Hofbauer, 
2001; Batzias et al., 2005). For the calculation of the bioethanol 
yield, the average value found in the literature is 361.8 kg/dry 
matter per ton of biomass produced in soils of low quality 
(Scordia et al., 2014).  

Table 1. Condition of agricultural areas by counties (ha) 

County 

Land 
devoted to 

crops  
CLC (ha) 

Abandoned areas (ha) 

Total 5%  
areas 

10%  
areas 

15%  
areas 

Bjelovarsko-Bilogora 106,811 20,935 1,047 2,093 3,140 
Brod-Posavina 90,179 17,334 866 1,733 2,600 

Dubrovnik-Neretva 19,071 19,768 988 1,976 2,965 
City of Zagreb 16,470 5,467 273 546 820 

Istria 35,826 63,792 3,189 6,379 9,568 
Karlovac 47,545 53,273 2,663 5,273 7,990 

Koprivnica-Križevci 80,591 12,839 641 1,283 1,925 
Krapina-Zagorje 39,433 14,640 732 1,464 2,196 

Lika-Senj 34,175 33,299 1,664 3,329 4,994 
Međimurje 41,926 6,076 303 607 911 

Osijek-Baranja 235,375 23,080 1,154 2,308 3,462 
Požega-Slavonia 54,780 16,336 816 1,663 2,450 

Primorje-Gorski kotar 7,793 20,557 1,027 2,055 3,083 
Sisak-Moslavina 96,572 63,062 3,153 6,306 9,459 
Split-Dalmatia 48,053 54,206 2,710 5,420 8,130 
Šibenik-Knin 43,997 28,517 1,425 2,851 4,277 

Varaždin 47,426 8,809 440 880 1,321 
Vukovar-Srijem 144,826 9,770 448 897 1,345 

Zadar 49,279 28,399 1,420 2,840 4,260 

Zagreb 117,056 32,791 1,419 2,839 4,259 
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RESULTS AND DISCUSSION 
Table 2 shows the potential levels of biomass (based on dry 

matter) on the abandoned soils under consideration according to 

three basic scenarios of utilization 5 %, 10 % and 15 %. 
The potential for the Miscanthus production on low-quality 

soils are the most interesting in the Sisak-Moslavina county: 5 
%, 10 % and 15 % of the poorer quality areas can yield 31,531 t, 
63,063 t and 94,594 t dry biomass, respectively. In the Karlovac 
county, the results obtained indicate that the potentially 
generated dry matter content is 26,637 t on 5 % of the 
abandoned areas, 52,273 t on 10 % and 79,910 t on 15 % of 
areas with low soil properties and a dry matter yield of the 
Miscanthus biomass of 10 t/ha. The Lika-Senj county can 
produce only 16,650 t on 5 % of the abandoned areas, 33,300 t 
on 10% and 49,950 t at 15% of total abandoned areas with low 
soil properties. 

The following table shows the possibility of producing 
thermal energy (MJ) from the biomass obtained on soils with 
low properties. The greatest potential for thermal energy 
production on low-quality soils was established in the Sisak-
Moslavina county, on 5 %, 10 % and 15 % of the poorer quality 
areas can produce 559,683 MJ, 1,119,366 MJ and 1,679,050 MJ 
respectively. The Karlovac county follows with 472,798 MJ on 5 

%, 945,596 MJ on 10 % and 1,418,394 MJ on 15 % of the 
abandoned surfaces. The lowest potential was determined in the 
Lika-Senj county with a total amount of thermal energy of 
295,537 MJ on 5%, 591,073 MJ on 10% of the abandoned 
surface of 886,610 MJ of the potential energy from the 
Miscanthus biomass on 15 % of the areas under consideration. 

Croatia encourages the production of biogas and domestic 
production of biogas plants as part of the national energy 
strategy. The main target is to generate 2.6 PJ of energy from 
biogas in 2020, i.e. 100 million m3 of biogas. The abandoned 
areas in Croatia could be successfully utilized for biogas 
production in keeping with the established energy strategy. The 

potential for biogas production from Miscanthus grown on low-
quality soils in the counties under consideration are shown in 
Table 4. 

Table 4 indicates that the highest biogas yield can be 
achieved in the Sisak-Moslavina county with 23,649,172 m3 on 
15 % of the abandoned areas, with 15,766,198 m3 on 10 % and 
7,882,974 m3 on 5 % of the abandoned areas under 
consideration. The Karlovac county follows with 19,978,067 m3 
on 15 % of the abandoned areas, 13,318,628 m3 of biogas on 10 
% and 6,659,439 m3 on 5 % of the abandoned areas. Finally, the 
Lika-Senj county’s potential is 12,487,855 m3 of biogas on 15 % 
of the abandoned soils, 8,325,236 m3 of biogas on 10 % and 
4,162,618 m3 of biogas on 5 % of the abandoned areas under 
consideration. Consequently, it can be concluded that there is 
considerable potential to reduce natural gas consumption by 
using cultivated energy crops for biogas production and the 
production of their own biofuels, thereby achieving energy 
independence but also contributing to the reduction of 
greenhouse gas emissions. 

Table 5 shows the potential amount of bioethanol on the soils 
of poorer quality under consideration.   

As seen in Table 5, the greatest potential for bioethanol 
production on the low-quality soils was determined in the Sisak-
Moslavina county with an amount of 34,224,109 t of ethanol 
produced on 15 % of the abandoned areas, 22,816,193 t ethanol 
on 10 % of the abandoned areas and 11,407,916 t on 5 % of the 
abandoned areas. The Karlovac county follows with a potential 
production of 28,911,438 t of ethanol on 15 % of the abandoned 
soils, 19,275,171 t on 10 % and 9,637,267 t on 5% of the 
abandonedareas. The Lika-Senj county exhibited the lowest 
potential of ethanol production: 18,071,910 t of ethanol on 15 % 
of the abandoned areas, 12,047,940 t on 10 % of the abandoned 
areas and 6,023,970 t on 5 % of the abandoned areas. 

On the basis of all the considerations mentioned above, it can 
be concluded that there is considerable potential for reducing 

Table 2. Total yield expressed in dry matter of the 
Miscanthus biomass (t) grown on 5 %, 10 %, 15 % of the total 
abandoned areas under consideration.  

County 
Yield on 5 %  
of abandoned 

areas (t) 

Yield on  
10 % of 

abandoned 
areas (t) 

Yield on  
15 % of 

abandoned 
areas (t) 

Karlovac 26,637 53,273 79,910 
Lika-Senj 16,650 33,300 49,950 

Sisak-Moslavina 31,531 63,063 94,594 
 

Table 3. Calculation of the thermal energy from the 
Miscanthus biomass grown on 5 %, 10 % and 15 % of the 
total abandoned soil (MJ) 

County 

Thermal energy 
(MJ) per 5 %  
of the total  

leaked areas 

Thermal 
energy 

 (MJ) per  
10 % of 
 the total 

leaked areas 

Thermal 
energy (MJ) 

per 
15 % of the 
total leaked 

areas 
Karlovac 472,798 945,596 1,418,394 

Lika-Senj 295,537 591,073 886,610 
Sisak- 

Moslavina 559,683 1,119,366 1,679,050 
 

Table 4. Total biogas yield from the Miscanthus biomass 
grown on 5 %, 10 % and 15 % of total abandoned soil (m3) 

County 

Biogas (m3)  
per 5 % of 
 the total 

abandoned 
areas 

Biogas (m3) 
 per 10 % of  

the total 
abandoned  

areas 

Biogas (m3) 
per 15 % of 

the total 
abandoned 

areas 
Karlovac 6,659,439 13,318,628 19,978,067 

Lika-Senj 4,162,618 8,325,236 12,487,855 
Sisak-

Moslavina 7,882,974 15,766,198 23,649,172 
 

Table 5. Calculating the production of bioethanol from 
the Miscanthus biomass grown on 5 %, 10 % and 15 % of 
the abandoned soils under consideration (t) 

County 

Bioethanol per  
5 % of the 

 total  
abandoned 

surfaces 

Bioethanol 
 per 10 % of 

 the total 
abandoned 

surfaces 

Bioethanol  
per 15 % of 

the total 
abandoned 

surfaces 
Karlovac 9,637,267 19,274,171 28,911,438 

Lika-Senj 6,023,970 12,047,940 18,071,910 
Sisak-

Moslavina 11,407,916 22,816,193 34,224,109 
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gasoline consumption by using cultivated energy crops and 
producing liquid biofuels, thus achieving energy independence 
and reducing greenhouse gas emissions. 

CONCLUSION 
To achieve the goals set by 2020 and 2030, and in the period 

thereafter, the European Union (Croatia included) is determined 
to develop new renewable energy sources. Although renewable 
sources such as the sun and the wind played a significant role in 
the energy supply of the European Union during the past 10 
years, it has been found that the considerable potential lies in the 
field of biomass. Croatia has more than 600,000 ha of abandoned 
lands, identifying the counties of Sisak-Moslavina, Karlovac and 
Lika-Senj as the potentially most favourable for the Mischantus 
x giganteus production. 

On the basis of the analysis of the Miscanthus cultivation on 
the abandoned areas in the Sisak-Moslavina, Karlovac and Lika-
Senj counties, it can be concluded that there is the great potential 
for producinf biomass and bioenergy - biogas, bioethanol and 
thermal energy. Biomass production can have a direct impact on 
reducing fossil energy and fuel imports, encouraging energy 
independence and reducing the negative impact on the 
environment and climate change. 

In addition, the use of biomass enables the creation of new 
and saving the existing jobs in rural areas, increases the local and 
regional economic activities, and generates additional incomes in 
agricultural production. 
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ABSTRACT 
Bioethanol production in batch culture by free Saccharomyces cerevisiae cells from intermediate and by-products of sugar beet 

processing was investigated. This research relays on the previouslyconducted experiments in the bioreactor of 1.5 L working 
volumewhere key fermentation parameters, including initial sugar concentration and fermentation time, were optimized. This study 
was performed to validate the applicability of obtained results in the enlarged scale i.e. in 10 L laboratory bioreactor. The main aim 
was to analyze the bioprocess time course by monitoring the yeast cell number and concentrations of sugar, amino nitrogen, total 
soluble salts,and ethanol. Also, the kinetic analysis of ethanol and yeast biomass formation as well as sugar consumption during 
fermentation of media based on raw juice, thin juice, thick juice,and molasses was performed. 

Key words: bioethanol, sugar beet, kinetics, laboratory bioreactor, Saccharomyces cerevisiae. 

REZIME 
U ovom radu ispitana je šaržna proizvodnja bioetanola između i nusproizvoda prerade šećerne repe submerznom kultivacijom 

Saccharomyces cerevisiae. Ključni parametri fermentacije, uključujući početnu koncentraciju šećera i dužinu trajanja fermentacije, 
optimizovani su u eksperimentima izvedenim u bioreaktoru radne zapremine 1,5 L. Ovo istraživanje izvedeno je sa ciljem validacije 
primenljivosti ostavrenih rezultata u uvećanim zapreminama odnosno u 10 L laboratorijskom bioreaktoru. Osnovni cilj ovog 
istraživanja je bila analiza toka bioprocesa praćenjem broja ćelija kvasca i koncentracija šećera, amino azota, ukupnih rastvorljivih 
soli kao i etanola. Takođe, izvedena je i kinetička analiza nastanka etanola i biomase kvasca kao i potrošnje šećera tokom 
fermentacije hranljivih podloga na bazi ekstrakcionog, retkog, gustog soka i melase. 

Rezultati ove studije otvaraju nove perspektive za među i nusproizvode prilikom prerade šećerne repe u proizvodnji bioetanola, 
koja bi se u poslednje vreme mogla koristiti kao biogorivo ili za primenu u različitim industrijama, uključujući prehrambenu, 
farmaceutsku i hemijsku industriju. Istraživanje predstavlja neophodnu osnovu za razvoj proizvodnje bioetanola u srpskim pogonima 
šećera. 

Kljućne reči: bioetanol, šećerna repa, kinetika, laboratorijski bioreaktor, Saccharomyces cerevisiae. 
 

INTRODUCTION 
The enthusiasm of scientist working on the development of 

new approaches for renewable energy production is matched 
with the global problem of rapid depletion of fossil fuels, which 
has been occurring much faster than it had been previously 
predicted (Grahovac et al., 2012a). Biofuels are recognized as a 
possible alternative solution to the growing world energy 
demand and a substitution for fossil fuels.The promotion of 
biofuels sector is instigated by the fact that they present an 
alternative without negative influences on the environment, with 
a tendency of contributing to public savings (Bhatia et al., 
2017).  

The productivity and cost-effectiveness of bioethanol 
production, as one of the most important biofuels,is strongly 
dependent on low-cost substrates utilization (Gnansounou et al., 
2005). Bioethanol co-production in sugar plants is considered as 
a promising possibility for the utilization of sugar beet outside 
the food industry. The optimization of bioethanol production 
from intermediates and byproducts of sugar beet processing 
means a step closer to the mass production of this biofuel 
(Grahovac et al., 2016; Pajčin et al., 2017). 

The most commonly used feedstock for bioethanol 
production is molasses. It is a well-known by-product obtained 
at the end of sugar beet processing and the cost of its production 
is considerably higher comparing to the cost of raw juice 
produced at the beginning of the process by water extraction of 
sliced sugar beet. Raw juice contains about 15–20 % of dry 
solids and its purity ranges between 85 and 90 %, which means 
that it consists of about 85–90 % of sugars and 10–15 % of non-
sugars in dry matter. The obtained raw juice can be used either 
directly for ethanol and sugar production during the sugar beet 
harvest season, or it can be concentrated and stored for several 
months. Thick juice is the relatively pure intermediate product of 
sugar beet processing due to a largeamount of fermentable 
sugars (55–65 %) accompanied by a profuse mineral 
composition which makes it suitable for bioethanol 
production(Grahovac et al., 2012b).  On the other hand, thin 
juice contains significantly lower sugar content (12-14 %), but it 
is also successfully used as a substrate for bioethanol production. 
Which substrate will be used is influenced by the time of the 
year and whether there is an ongoing annual campaign of sugar 
beet processing, when all fresh intermediate products are 
available, or there are only stored raw materials (Dodić et al., 
2018). 
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In order to provide producers in sugar factories with reliable 
information whether it is more economically efficient to produce 
sugar or ethanol, what is the optimal ratio between them and 
which is the most suitable substrate for bioethanol production 
(raw juice, thin juice, thick juice or molasses) it is crucial to 
determine the yield, cost-effectiveness, technical requirements 
and optimal conditions of bioethanol production by using each 
of the side-products mentioned above. The aim of this study was 
to describe changes of yeast cell number, total sugar content, 
total nitrogen content, total dissolved salts (TDS) content, pH 
value and ethanol fraction volume and perform kinetic analysis 
of biomass growth, product formation and sugar consumption 
during the batch fermentation of each previously described 
substrate by using Saccharomyces cerevisiae in a laboratory 
scale bioreactor (10 L). 

MATERIAL AND METHOD 
Microorganism and inoculum preparation 
The producing microorganism used in the experiments was 

Saccharomyces cerevisiae - fresh baker’s yeast – FB (Alltech, 
Serbia), which is at the same time the most commonly used 
yeast type in distilleries in our region. Prior to inoculation the 
yeast cells were suspended in a small quantity of the same 
fermentation mediumthat was used for ethanol production (see 
next section). 

Raw materialand fermentation medium preparation 

Substrates used for the preparation of fermentation medium 
were raw juice, thin juice, thick juice and molasses obtained 
from the local sugar beet processing factories including 
“Crvenka” JSC (Crvenka, Serbia), “ТЕ-ТО” JSC (Senta, Serbia), 
and “Šajkaška-Hellenic Sugar Industry” JSC (Žabalj, Serbia). 
All substrates mentioned above were diluted using distilled 
water to achieve optimal values of initial total sugar content, as 
determined in the previous study (Popov et al., 2010; Grahovac 
et al., 2012b; Grahovac et al., 2016). The initial pH value of 
fermentation medium was adjusted to 5.0 with 10% (v/v) 
sulphuric acid. 

Fermentation conditions 

The fermentation process was carried out in a laboratory 
scale bioreactor (CH-8708, Chemap AG, Switzerland) with a 
total volume of 14 L (working volume 10 L) under anaerobic 
conditions at 28 °C (internal temperature regulation) with 
mixing using two parallel Rushton turbines (agitation rate 150 
rpm) and 4 baffles during 48 h. The fermentation time was 
measured from the moment of inoculation. The samples were 
collected immediately after the inoculation and every 2 h from 
the moment of inoculation. 

Analytical methods  

Biomass 
Biomass concentration was determined by the 

spectrophotometric method based on predefined dependence of 
absorbance as a function of yeast cell concentration. The 
absorbance was measured by a spectrophotometer (UV 
Spectrophotometer, UV-1800, Shimadzu, Japan) at 660 nm. 
Before the fermentation starts fresh commercial baker's yeast 
suspensions, which will be later used for bioethanol production, 
were made by using saline to achieve different concentrations (5, 
10, 20, 40 and 50 g/L) in order to perform calibration. Biomass 
concentration in these suspensions was determined by measuring 
the mass of dry cells for each concentration, by centrifuging a 
certain volume of each suspension (10 mL) for 10 minutes at 

3000 rpm (LC-321, TehtnicaŽelezniki, Slovenia), pouring off 
the supernatant, placing the flasks together with the sludge on 
drying at 105 ºC and measuring them till a constant mass was 
reached.  

Fermentable sugars 

Fermentation broth samples were centrifuged for 10 minutes 
at 3000 rpm (technical centrifuge LC-321, TehtnicaŽelezniki, 
Slovenia), and then the content of fermentable sugars (sucrose, 
glucose, fructose) was analyzed using the obtained supernatants 
by HPLC (PU-980 pump, detector RI-930, autosampler A-950 
(Jasco Inc., USA)), using the column Shodex Sugar KS-801 
(Showa Denko K.K., Japan) and water as the mobile phase, 
under the following conditions: 20 μL injection volume, flow 
rate 0.6 mL/min and elution time 30 min. The results of these 
measurements are presented hereafter as a concentration 
offermentable sugars. 

Bioethanol 

The bioethanol concentration was determined in the 
distillates of fermentation broth samples by gas chromatography, 
using a system of Hewlett Packard HP 5890 Series II GC 
(Agilent Technologies Inc., USA) equipped with a flame 
ionization detector, and Carbowax 20 M column (Agilent 
Technologies Inc., USA) at a temperature of 85 ºC, while the gas 
carrier was helium. Injector and detector temperature were 
maintained at 150 ºC. For the construction of the calibration 
curve, standard aqueous solutions of ethanol with concentrations 
of 0, 3, 5, 8, 10, 15 and 20 % (v/v) were made. 

Statistical analysis 
All experiments in this study were carried out in triplicate 

andthe results were averaged. The reproducibility of these 
measurementswere good, the deviation between parallel 
experimentswere in the range of ±4.6%. 

Kinetic analysis 

Microbial growth was described by using Monod kinetic 
model, based on the following assumptions: stirring in the 
bioreactor provides homogenous conditions in the entire volume 
and stirring rate of 150 rpm provides more than sufficient mass 
transfer and uniform substrate availability.  

The rate of biomass production (Rx), substrate consumption 
(Rs) and ethanol production (Rp) were calculated by dividing the 
“moving average” (Data Analysis ToolPak, Microsoft Office 
Excel 2007, Microsoft, USA) of biomass content, total sugar 
content and ethanol content, respectively (from the first to the 
third sample of three consecutive sampling) with a time interval 
of sampling.  

The coefficient of ethanol yield YP/S (%) was calculated using 
the following equation: 

 

𝑌𝑃
𝑆�

=
𝑃𝑡 − 𝑃0
𝑆0 − 𝑆

∙ 100                                                                   (1) 

 
wherePtis ethanol content at the sampling point (g/L), P0 is 

ethanol content at the moment of inoculation (g/L), S0 is total 
sugar content at the moment of inoculation (g/L), while S is total 
sugar content at the sampling point (g/L). 

The coefficient of yeast biomass yield YX/S (g/g) was 
calculated using the following equation: 

 

𝑌𝑋
𝑆�

=
𝑋𝑡 − 𝑋0
𝑆0 − 𝑆

                                                                         (2)  
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whereXt is biomass content at the sampling point (g/L), while 
X0 is biomass content at the moment of inoculation (g/L). 

The degree of substrate conversionK(%) was calculated 
using the following equation: 

 

𝐾 =
𝑆0 − 𝑆𝑡
𝑆0

∙ 100                                                                  (3)  

RESULTS AND DISCUSSION 
The optimal initial substrate concentration and optimal 

fermentation time were determined in the previous study by 
performing fermentation in the laboratory bioreactor of smaller 
volume (1.5 L). The fermentation media were based on raw 
juice, thin juice, thick juice and molasses with optimized initial 
sugar mass content of 12.71, 12.75, 21.12 and 11.59 % (m/v), 
respectively. The fermentation time values, also optimized in the 
previous research step and employed in this study, were 38, 42, 
47 and 34 h, for the media based on raw juice, thin juice, thick 
juice,and molasses, respectively (Popov et al., 2010; Grahovac 
et al., 2011; Grahovac et al., 2012b; Grahovac et al., 2016). In 
order to verify the applicability of the previously obtained 
mathematical model for fermentation of each aforementioned 
substrate, fermentation experiments were performed under the 
optimal conditions in a larger scale laboratory bioreactor (10 L). 

Before the fermentation starts, it is necessary to adjust the 
pH value of the fermentation medium based on raw juice to 5.0 
and perform sterilization. Raw juice is recognized as one of the 

most promising substrates for the economically efficient 
bioethanol production, compared to other byproducts, due to its 
affordable price (Hinková and Bubník, 2001).  

The course of raw juice fermentation is given in Fig. 1A. 
After 38 hours of fermentation, the mean value of ethanol 
content was 7.65±0.22 % (v/v). The mean values of yeast cells 
number and total sugar content were 2.25±0.14×108 CFU/mL 
and 0.09±0.03 % (w/v), respectively. Values of the selected 
variables predicted by the previously obtained model were: 
number of yeast cells 2.31×108 CFU/mL, ethanol content 7.99 % 
(v/v) and total sugar content approximately equal to zero. It 
could be concluded that good agreement of the experimental 
results with the variables’ values predicted by the model can be 
confirmed (the maximum deviation is about 4%), suggesting the 
validity of the obtained model, which could also be applied in a 
larger volume bioreactor. 

Thin juice is recognized as a very suitable substrate for 
bioethanol production. However, its utilization for this purpose 
is limited due to lack of possibility to store this raw material 
over a long time period, since it contains sugar in concentration 
range optimal for growth of different microorganisms(Hinková 
and Bubník, 2001). 

The course of thin juice fermentation is given in Fig. 1B. 
After 42 hours of fermentation, the mean value of ethanol 
content was 7.78±0.09 % (v/v). The mean values of yeast cells 
number and total sugar content at the end of fermentation were 
2.33±0.21×108 CFU/mL and 0.26±0.07 % (w/v), respectively. 

 
 
 

 
 

 
Fig.1. Cultivation course of bioethanol production in a laboratory scale bioreactor (10 L) using: 

 A - raw juice, B – thin juice, C – thick juice, D – molasses, as substrates 
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Model-predicted values were: the number of yeast cells 2.27×108 
CFU/mL, ethanol content 8.01 % (v/v) and total sugar content 
0.03 % (w/v). Based on the presented data, good agreement of 
the experimental results with the values predicted by the model 
can be confirmed(the maximum deviation is about 3%). 

Due to high sugar content, thick juice could be stored over a 
long period of time, almost as long as molasses. On the other 
hand, thick juice production is a demanding and 
expensiveprocedure,which affects bioethanol final price 
significantly(Krajnc and Glavič, 2009). 

The course of thick juice fermentation is given in Fig. 1C. 
After 47 hours of fermentation, the mean value of ethanol 
content was 11.09±0.20 % (v/v). The mean values of yeast cells 
number and total sugar content were 2.35±0.19×108 CFU/mL 
and 3.08±0.29 % (w/v), respectively. The previously obtained 
model has predicted the following values: a number of yeast 
cells 2.37×108 CFU/mL, ethanol content 11.38 % (v/v) and total 
sugar content 3.02 % (w/v). Once again, good agreement of the 
experimental results with the model predicted values can be 
observed. 

The course of molasses fermentation is given in Fig. 1D. 
After 34 hours of fermentation, the mean value of ethanol 
content was 4.92±0.18 % (v/v). The mean values of yeast cells 
number and total sugar content were 2.80±0.17×108 CFU/mL 
and 0.08±0.01 % (w/v), respectively. The predicted values from 
the previously obtained model were: number of yeast cells 
1.84×108 CFU/mL, ethanol content 4.54 % (v/v) and total sugar 
content close to zero (w/v). It could be concluded there is a good 

agreement of the experimental results with the model predicted 
values. 

Fig. 2A shows the dependence of ethanol production rate, 
sugar consumption rate and yeast biomass production rate on the 
fermentation time during the raw juice fermentation. Since the 
moment of inoculation, yeast biomass production rate was 
increasing intensively and after 6 hours it attained a maximal 
value of 0.31 g/L·h, after which it was decreasing until 26 h 
when it reached a value close to zero, which is in accordance 
with the start of the stationary growth phase. The sugar 
consumption rate was increasing intensively in the first 6 hours 
of fermentation when it reached its maximal value (11.55 g/L·h), 
and after that, it was continuously decreasing, while after 22 
hours of fermentation its value became close to zero. The 
ethanol production rate reached a maximum value of 3.49 g/L·h 
after 4 hours of fermentation and after that, it has slowly 
decreased, while after 30 h, ithas reached a value almost equal to 
zero.  

Fig. 2B presents the ethanol production rate, sugar 
consumption rate,and yeast biomass production rate dependence 
on the fermentation time for thin juice fermentation. At the 
beginning of the fermentation yeast biomass production rate was 
increasing continuously and after 10 hours attained a maximal 
value of 0.72 g/L·h. Further changes in biomass production rate 
showed a decrease until the end of the bioprocess when it 
reached a value close to zero. The sugar consumption rate was 
intensively increasing until 10 hours of cultivation when it 
attained maximal value (13.10 g/L·h), and after that, it was 

 

 
 

Fig. 2. Ethanol production rate, sugar consumption rate,and yeast biomass production rate during fermentation of  
A - raw juice, B – thin juice, C – thick juice, D – molasses, in a laboratory scale bioreactor (10 L) 
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continuously decreasing to the minimal value (close to zero) 
achieved at the end of the fermentation process. The trend of 
ethanol production rate was quite similar since it has also 
reached a maximum value of 5.58 g/L·h after 10 hours of 
fermentation and then it was slowly decreasing to the end of the 
bioprocess when it has reached a value almost equal to zero.  

Fig. 2C presents the dependence of ethanol production rate, 
sugar consumption rate and yeast biomass production rate 
onfermentation time during fermentation of thick juice. Since the 
moment of inoculation, the yeast biomass production rate was 
increasing and it reached a maximal value of 0.48 g/L·h after 10 
hours of fermentation. The minimal value of biomass production 
rate, close to zero, was achieved after 32 hours of fermentation. 
Relatively high level of sugar consumption rate during the entire 
fermentation process was in accordance with yeast biomass and 
ethanol production. Since biomass growth was more intensive 
during the first 10 hours of fermentation, it was clear that sugar 
consumption has been highly dependent on ethanol production. 
The maximal value of sugar consumption rate, achieved after 20 
hours of fermentation, was 7.28 g/L·h. The ethanol production 
rate was increasing until 16 hours of the bioprocess when it 
achieved maximal value (3.55 g/L·h), and after that, it was 
gradually decreasing to the minimal value (close to zero) at the 
end of the fermentation.  

Fig. 2D presents the dependence of ethanol production rate, 
sugar consumption rate and yeast biomass production rate 
onfermentation time during the fermentation of molasses. Yeast 

biomass production rate was increasing gradually and it reached 
a maximal value of 0.44 g/L·h after 10 hours of fermentation. 
The maximal value of sugar consumption rate was 9.89 g/L·h 
after 10 hours of fermentation, while the minimal value of this 
parameter (2.3 g/L·h) was achieved simultaneously with biomass 
growth decrease after 34 hours of the bioprocess. The same trend 
could be noticed for ethanol production rate, since it was 
increasing until 10 hours of fermentation, attaining its maximal 
value of 4.21 g/L·h at this sampling point. Further changes have 
resulted in intensive decrease until 14 hours of fermentation, 
after which decrease was gradually continued until the end of the 
fermentation process. 

The theoretical coefficient of ethanol yield, when sucrose is 
used as a carbon source in fermentation by Saccharomyces 
cerevisiae, amounts up to 53.8 %. Due to expected consumption 
of sugar for biomass growth and for production of undesired 
metabolites, as well as due to the losses caused by non-
quantitative ethanol recovery, the real ethanol yield coefficient is 
lower than the theoretical one. The coefficient of ethanol yield 
obtained in the performed experiment, when raw juice was used 
as a substrate for bioethanol production, was 41.88 % (Fig. 3A), 
or 77.84 % of the theoretical value. The degree of substrate 
conversion for raw juice has a maximum value of 99.24% after 
38 h of fermentation, but its change is significant only during the 
first 22 h of fermentation. 

The coefficient of ethanol yield obtained in the experiment 
where thin juice was utilized as substrate was higher compared 

         
 

             
 

Fig. 3. Coefficients of ethanol and biomass yield and degree of sugar conversion during fermentation of 
A - raw juice, B – thin juice, C – thick juice, D – molasses, in a laboratory scale bioreactor (10 L) 

 

0 

0,01 

0,02 

0,03 

0,04 

0,05 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0 4 8 12 16 20 24 28 32 36 40 44 48 

C
oe

ffi
ci

en
t o

f y
ea

st
 

 b
io

m
as

s y
ie

ld
 (g

/g
) 

C
oe

ffi
ci

en
t o

f e
th

an
ol

 y
ie

ld
 (%

) 
D

eg
re

e 
of

 su
bs

tra
te

 c
on

ve
rs

io
n 

(%
) 

Fermentation time (h) 

Coefficient of ethanol yield (%) 
Degree of substrate conversion (%) 
Coefficient of yeast biomass yield (g/g) 

A 

0 

0,01 

0,02 

0,03 

0,04 

0,05 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0 4 8 12 16 20 24 28 32 36 40 44 48 

C
oe

ffi
ci

en
t o

f y
ea

st
 

 b
io

m
as

s y
ie

ld
 (g

/g
) 

C
oe

ffi
ci

en
t o

f e
th

an
ol

 y
ie

ld
 (%

) 
D

eg
re

e 
of

 su
bs

tra
te

 c
on

ve
rs

io
n 

(%
) 

Fermentation time (h) 

Coefficient of ethanol yield (%) 
Degree of substrate conversion (%) 
Coefficient of yeast biomass yield (g/g) 

B 

0 

0,01 

0,02 

0,03 

0,04 

0,05 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0 4 8 12 16 20 24 28 32 36 40 44 48 

C
oe

ffi
ci

en
t o

f y
ea

st
 

 b
io

m
as

s y
ie

ld
 (g

/g
) 

C
oe

ffi
ci

en
t o

f e
th

an
ol

 y
ie

ld
 (%

) 
D

eg
re

e 
of

 su
bs

tra
te

 c
on

ve
rs

io
n 

(%
) 

Fermentation time (h) 
Coefficient of ethanol yield (%) 
Degree of substrate conversion (%) 
Coefficient of yeast biomass yield (g/g) 

C 

0 

0,01 

0,02 

0,03 

0,04 

0,05 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0 4 8 12 16 20 24 28 32 36 40 44 48 

C
oe

ffi
ci

en
t o

f y
ea

st
 

 b
io

m
as

s y
ie

ld
 (g

/g
) 

C
oe

ffi
ci

en
t o

f e
th

an
ol

 y
ie

ld
 (%

) 
D

eg
re

e 
of

 su
bs

tra
te

 c
on

ve
rs

io
n 

(%
) 

Fermentation time (h) 
Coefficient of ethanol yield (%) 
Degree of substrate conversion (%) 
Coefficient of yeast biomass yield (g/g) 

D 



Grahovac, Jovana et al./ Kinetic Analysis of Alcoholic Ferme. Using Interme. and by-Products of Sugar Beet Proc. in Lab. Bior. 

Journal on Processing and Energy in Agriculture 23 (2019) 3 137 

to the previous one, where raw juice was used for medium 
preparation (Fig. 3B). The obtained value was 49.86 % or 92.68 
% of the theoretical value. The degree of substrate conversion 
for thin juice is significantly increased during the first 14 h of 
fermentation and reaches a maximum value of 96.65% after 42 
h.The coefficient of ethanol yield of 50.34%, achieved in the 
experiment where thick juice was used as a substrate for 
bioethanol production (Fig. 3C), presents 93.57 % of the 
theoretical value. Close values for ethanol yield obtained in the 
experiments where thick and thin juices were used as substrates 
are expected due to the similarity in their content, which varies 
only in water quantity. The degree of substrate conversion for 
thick juice is almost linearly increased during the first 47 h of 
fermentation. On the other hand, its maximal value is 87.29%. 
Lower value of this kinetic parameter achieved for thick juice is 
in accordance with the fact that, in this case, at the end of 
fermentation about 3% of sugar remained in fermentation mash. 

The value of the coefficient of ethanol yield during 
fermentation of molasses was 34.05 % (Fig. 3D), or 63.29 % of 
the theoretical value. Since the molasses composition is complex 
and it contains different non-sugar components, lower ethanol 
yield could be a consequence of metabolic inhibition caused by 
higher osmotic pressure, even after the raw material dilution 
(Ergun and FerdaMutlu, 2000).The degree of substrate 
conversion for molasses is increased during whole fermentation 
time and values 98.97% at the end of process. 

CONCLUSION 
Investigation of possible valorization routes of side products 

generated in the sugar industry and fulfilling the maximal 
potential of their usage in bioethanol production is an important 
step towards the mass production of this biofuel. The results of 
this study contribute to the development of the higher capacity of 
bioethanol production and clearly indicate the great potential of 
using by-products of sugar beet processing in bioethanol 
production in a laboratory scale bioreactors of different volumes. 
Determination of kinetic parameters of the fermentation process, 
based on intermediates and byproducts of sugar beet processing 
in domestic plants, provides a good starting point for further 
optimization concerning techno-economic parameters of this 
bioprocess.The model predicted values of the initial sugar 
content and fermentation time from the experiments performed 
previously were verified in this research in a laboratory scale 
bioreactor with a larger volume, as a next scale-up step, with a 
good perspective to be applied successfully in bioethanol 
production at the industrial level. The results of this study open 
up new perspectives forintermediates and byproductsof sugar 
beet processing utilization in bioethanol production, which could 
be lately used whether as a biofuel or for application in different 
industries, including food, pharmaceutical,and chemical 
industry. The performed research presents a necessary basis for 
bioethanol co-production development in Serbian sugar plants.   
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ABSTRACT 
This paper examines the annual average price of two basic and economically most important cereals in Serbia: wheat and maize. 

The purpose of this research is to predict the future pricing trends on the basis of the wheat and maize price analysis over a longer 
period of time. 

Firstly, the average annual prices expressed in dinars per ton were converted into the prices expressed in EUR. Subsequently, the 
prices thus obtained were processed using descriptive statistics, and utilized to make predictions for the next five years (2018-22). 
The predictions were made using the ARIMA model. 

The forecast obtained indicates that the prices of maize will not be as stable as those of wheat. In the forecast period, the maize 
price will range from EUR 127.5 to 134 per ton. In the last two years of the period under consideration, the price of maize will 
stabilize at around EUR 132 per ton. 

Key words: wheat, maize, prices, prediction, Serbia. 
 

REZIME 
Predmet istraživanja u ovom radu su prošečne godišnje cene dve osnovne i ekonomski najvažnije žitarice u Srbiji: pšenice i 

kukuruza. Cilj istraživanja je da se na bazi analize cena pšenice i kukuruza u dužem vremenskom periodu predvidi njihovo kretaćnje 
u budućnosti. U prvom koraku, prosečne godišnje cene koje su izražene u dinarima po toni, prevedene su u cene izražene u evrima. 
Podaci o prosečnim cenama dobijeni su iz statističkih publikacija, a podaci o prosečnoj vrednosti evra u period od 2002. do 2017. 
godine od Narodne banke Srbije. Ovako izražene cene prvo su obrađene na osnovu deskriptivne statistike, a zatim su predviđene 
njihove vrednosti za narednih pet godina (2018-22). Predviđanje je srovedeno pomoću ARIMA modela. Kada je u pitanju cena 
pšenice, deskriptivna analiza je pokazala da je prosečna cena pšenice iznosila 135,30 evra/toni, a po godinama se kretala u interval 
od 90,50 (2005.godine) do 190,85 evra/toni (2012). Cena pšenice pokazuje tendenciju porasta u analiziranom period (2002-17) po 
prosečnoj godišnjoj stopi od 1,34%. Predviđanje pokazuje relativno stabilnu cenu pšenice koja će se kretati oko 139 evra po toni. 
Deskriptivna analiza cene kukuruza je pokazala da je prosečna godišnja cena kukuruza iznosila 123,90 evra/t. Po godinama 
analiziranog perioda kretala se u interval od 77,84 (2006.godine) do 184,04evra/t (2012). I cena kukuruza pokazuje tendenciju 
porasta po prosečnoj godišnjoj stopi od 2,53%. Predviđanje pokazuje da cena kukuruza nije stabilna kao cena pšenice. U 
predikcionom period ona se kreće u intervalu od 127,5 do 134 evra/toni. U poslednje dve godine cena kukuruza će se stabilizovati na 
nivou od oko 132 evra/toni.  

Ključne reči: pšenica, kukuruz, cene, predviđanje, Srbija. 
 

INTRODUCTION 
This paper examines the annual average price of two basic 

and economically most important cereals in Serbia: wheat and 
maize. The purpose of this research is to predict the future 
pricing trends on the basis of the wheat and maize price analysis 
over a longer period of time. 

The models for forecasting prices and their parity have been 
analyzed by a number of authors. Novković et al. (2006) 
analyzed the time series of wheat price/mineral fertilizers using 
the ARIMA model to predict the movement of parity in the 
future period. Mutavdzic et al. (2007) analyzed trends to predict 
the movement of parity prices for fattening pigs and mercantile 
maize. Moreover, Mutavdzic et al. (2010) encompassed the 
prediction of the parity prices of basic crop products based on 
time series analysis and the application of the ARIMA model. 
Novković and Mutavdžić (2016) analyzed the prices of beans in 
Serbia using descriptive statistics and the appropriate ARIMA 
model and predicted the movement of beans prices in the 

forthcoming period. Novković et al. (2016) analyzed and 
predicted the price of cabbage in Serbia, whereas Mutavdžić et 
al. (2017) analyzed the quarterly movement of wheat and maize 
prices in Serbia and the Republic of Srpska in the period 2010-
2015. The results of the method of relation to the general 
quarterly average indicate that the prices of cereals in the 
Republic of Srpska are at a higher level. Furthermore, Mutavdžić 
et al. (2017a) analyzed monthly fluctuations in the prices of 
cereals in Serbia. Ivanisevic et al. (2015) preformed an analysis 
of the movement of tomato prices in Serbia using the method of 
descriptive statistics, and subsequently predicted their future 
values on the basis of the time series analysis. 

MATERIAL AND METHOD 
First of all, the average annual prices expressed in dinars per 

ton were translated into the prices expressed in euros. The data 
on the average prices were obtained from statistical publications 
and the data on the average EUR value in the period 2002-2017 
from the National Bank of Serbia. 

mailto:nesann@polj.uns.ac.rs
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The prices thus expressed were first processed using 
descriptive statistics, and then their values for the next five years 
were predicted (2018-22). The average annual prices of wheat 
and maize were obtained from the Statistical Office of Serbia. 

The average annual rate of change (r) in a descriptive 
statistical analysis is calculated according to the following 
formula:  

1
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and the average rate of change: 
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where  
r is the average annual rate of change, 
G is the average annual index of change, 
Y1 is the absolute value of the first member of the time 

series, 
Yn is the value of the last number of the time series,n is the 

length of the series (number of years). 
The autoregressive moving average (ARMA) models were 

used for the forecast purposes. The general model introduced by 
Box and Jenkins (1976) include both autoregressive and moving 
average parameters, as well as the explicit 
differentiation in the formulation of the model. 
Specifically, the following three types of parameters 
are included in the model: the autoregressive 
parameters (p), the number of differencing passes 
(d), and moving average parameters (q). In the 
notation introduced by Box and Jenkins, the models 
were summarized as ARIMA (p, d, q), which means 
that a model described as (0, 1, 2) contains 0 (zero) and 
autoregressive (p) parameters as well as 2 moving average (q) 
parameters.  

The input series for ARIMA needs to be stationary, i.e. it 
should have a constant mean, variance, and autocorrelation 
through time. Therefore, the series usually needs to be 
differenced until it is stationary (this also often requires log 
transforming the data to stabilize the variance). The number of 
times series needs to be differenced to achieve stationarity, 
which is reflected in the d parameter (see the previous 
paragraph). In order to determine the necessary level of 
differencing, one should examine the plot of the data and 
autocorrelogram. Significant changes in levels (strong upward or 
downward changes) usually require the first order non-seasonal 
(lag=1) differencing; strong changes of slope usually require the 
second order non-seasonal differencing. Seasonal patterns 
require respective seasonal differencing (see below). If the 
estimated autocorrelation coefficients decline slowly at longer 
lags, the first order differencing is usually needed. However, one 
should keep in mind that some time series may require little or 
no differencing, and that overdifferenced series produce less 
stable coefficient estimates.  

At this stage (which is usually called the identification phase, 
see below) we also need to decide how many autoregressive (p) 
and moving average (q) parameters are necessary to yield an 
effective but still parsimonious model of the process 
(parsimonious means that it has the fewest parameters and 
greatest number of degrees of freedom among all the models that 
fit the data). In practice, the numbers of the p or q parameters 
very rarely need to be greater than 2 (see below for more specific 
recommendations).  

At the next step (Estimation), the parameters are estimated 
using function minimization procedures (see below for more 
information on minimization procedures; see also Nonlinear 
Estimation), so that the sum of squared residuals is minimized. 
The estimates of the parameters are used in the last stage 
(Forecasting) to calculate new values of the series (beyond those 
included in the input data set) and confidence intervals for those 
predicted values. The estimation process is performed on 
transformed (differenced) data; before the forecasts are 
generated, the series needs to be integrated (integration is the 
inverse of differencing) so that the forecasts are expressed in 
values compatible with the input data. This automatic integration 
feature is represented by the letter I in the name of the 
methodology (ARIMA = Auto-Regressive Integrated Moving 
Average) (the statistical software Statistica 13.5, 2019).  

For the purpose of the present study, the average annual 
prices of wheat and corn were obtained from the official 
publications of the Serbian Statistical Office.    

 
RESULTS AND DISCUSSION 
 
The results of descriptive statistics on the trend in the 

average annual wheat and maize prices in Serbia in the period 
2002/17 are presented in Table 1. 

The descriptive statistical analysis performed showed that 
the average price of wheat was 9.2 % higher than the average 
price of maize in the period under consideration. The minimum 
price of wheat (achieved in 2005) was 1/3 lower than the 
average price, whereas the maximum price of wheat (achieved in 
2012) was higher by more than 40 %. The price of wheat shows 
a slightly increasing trend. 

The descriptive statistical analysis performed showed that 
the average price of maize varied at an interval similar to that of 
wheat. This is also indicated by a slightly higher coefficient of 
variation, which is significant in both cereals. The minimum 
price of maize (achieved in 2006) was 37 % lower than the 
average price, whereas the maximum price of maize (achieved in 
2012) was higher by more than 48 %. The maize price also 
shows an increasing trend, but by almost 90 % more than the 
price of wheat. In the analyzed period, the average annual price 
of maize was higher than the price of wheat in only three years: 
2004, 2010 and 2016. In 2004, the price difference was very 
significant, 28.34 euro/ton or 29.6 %. In 2010, the price 
difference was 11.16 euro/ton (9.3 %), whereas the corn price 
was slightly higher in 2016 (0.65 euro/ton). 

 
Table 2.  Model parameters for predicting wheat prices  

Parame
t. 

Input: Wheat 
Transformations: D(1) 

Model: (1,1,1) MS Residual = 1038,4 
Param. Asympt. 

Std.Err. 
Asympt. 

t (13) 
p Lower 

95% Conf 
Upper 

95% Conf 
p(1) 0,360467 0,391018 0,921866 0,373391 -0,484277 1,205210 
q(1) 0,855897 0,224339 3,815187 0,002145 0,371241 1,340553 

 
 

Table 1. Descriptive statistics of the prices of wheat and corn (2002/17) 

Cereal 
Average 

value 
euro/ton 

Interval of Variation Coefficient of 
Variation 

( %) 

Annual 
 rate 
(%) 

Minimum 
euro/ton 

Maximum 
euro/ton 

Wheat 135.3 90.5 190.8 23.0 1.34 
Maize 123.9 77.8 184.0 23.2 2.53 

 

http://www.statsoft.com/textbook/gloss.html#Stationary Series (in Time Series)
http://www.statsoft.com/textbook/gloss.html#Stationary Series (in Time Series)
http://www.statsoft.com/textbook/stnonlin.html
http://www.statsoft.com/textbook/stnonlin.html
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The forecast value of wheat prices in the period 2018-2022 
(Table 3) showed the trend of relative wheat price stability, 
which will approximate 139 euro per ton. The estimated price of 
wheat in 2022 is 3 % higher than the average price in the period 
under consideration. 

 
Table 3. Predicted values of wheat prices (euro/ton) in the 

period 2018-2022 

Forecast 
period 

Forecasts; Model (1,1,1) 
Input: Wheat 

Start of origin: 1 End of origin: 16 
Forecast Lower 

95% 
Upper 
95% 

Std. Err. 

2018 138,93 69,31 208,54 32,22 
2019 139,18 61,21 217,16 36,09 
2020 139,28 58,06 220,49 37,59 
2021 139,31 56,08 222,54 38,53 
2022 139,32 54,45 224,19 39,28 
 

The movement of wheat prices in the analyzed period and 
the prediction period are shown in Fig. 1. The graph shows the 
fluctuation of wheat prices in previous years and a very stable 
movement of forecast prices in the future period. 
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Fig 1. Movement of wheat prices 
 
The estimated model for analyzing and forecasting maize 

prices (Table 4) shows that the level of prices in the previous 
two years had a statistically significant influence on the level of 
corn prices in the current year. 
 

Table 4. Model parameters for forecasting corn prices  

Para. 

Input: Maize 
Transformations: D(1) 

Model: (2,1,1) MS Residual = 626,20 
Param. Asympt. 

Std.Err. 
Asympt. 

t (13) 
p Lower 

95% Conf 
Upper 

95% Conf 
p(1) -0,077508 0,221716 0,34958 0,732249 -0,55650 0,401480 
p(2) -0,646581 0,221777 -2,91546 0,012045 -1,12570 -0,167462 

 
The Forecast of maize prices in the prediction period (Table 

5) showed that maize prices were not stable as wheat prices. The 
maize prices ranged from 127.5 to 134 euros per ton. In the last 
two years of the period under consideration, the prices of maize 
will stabilize at approximately 132 Euro/ton. The estimated price 

of corn in 2022 is 6.2 % higher than the average price in the 
analyzed period. 

 
Table 5. Predicted values of corn (euro /ton) prices in the 

period 2018-2022 

Forecast 
period 

Forecasts; Model (2,1,0) 
Input: Maize 

Start of origin: 1 End of origin: 16 
Forecast Lower 

95% 
Upper 
95% 

Std. Err. 

2018 134,40 80,34 188,47 25,02 
2019 127,57 54,02 201,12 34,05 
2020 127,47 52,35 202,58 34,77 
2021 131,90 54,00 209,79 36,06 
2022 131,62 42,83 220,40 41,10 

 

The movements of the maize prices in the analyzed period 
and the forecast period are shown in Fig. 2.  
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Fig 2. Movement of maize prices 
 
The graph shows that the maize price fluctuations recorded 

in previous years will continue in the future period with a 
slightly increasing trend.  

CONCLUSION 
The comparative analysis of wheat and maize prices in 

Serbia in the period 2002-2017 indicates the following: 
 

- The average annual price of wheat was 135.30 euro/ton, 
ranging from 90.50 (2005) to 190.85 EUR/ton (2012). 

- The prices of wheat showed an increasing trend at an average 
annual rate of 1.34 %. 

- The forecast showed relatively stable wheat prices that will 
approximate 139 euro per ton in the prediction period (2018-
22). 

- The average annual price of maize was 123.90 euro/ton, 
ranging from 77.84 (2006) to 184.04 EUR/ton (2012). 

- Maize prices showed an upward trend, but at a significantly 
higher average annual rate of 2.53%. 

- The forecast showed that the prices of maize are not stable as 
wheat prices. 

- In the last two years, the prices of maize will stabilize at 
approximately 132 euro/ton. 

- In the period under consideration, the average annual price of 
maize was higher than wheat prices in only three years. The 
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price difference was very significant in 2004 (28.34 euro/ton 
or 29.6 %), followed by 11.16 euro per ton in 2010 and 0.65 
euro/ton in 2016. 

The difference in the prices of wheat and maize will be reduced 
in the future.  
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ABSTRACT 
The purpose of this paper is to examine two types of incentives for the agrarian sector: direct payments and rural development 

support. Accordingly, direct payments for crop and animal production, fuel and/or fertilizer subsidies and investment subsidies were 
studied relative to the type of agricultural household and its economic size in Vojvodina. 

The results obtained indicate that the greatest share of subsidies for investments, payments per hectare, fertilizers and/or fuel was 
allocated to the households specialized for field crop production. The largest share of funds aimed at the subsidization of animal 
production was allocated to the households specialized for grazing livestock. 

The largest part of subsidies for investments, direct payments for crop production and fuel and/or fertilizer subsidies was 
extended to households with the economic size ranging from 25,000 to 50,000 euros. Subsidies for animal production were in mostly 
allocated to the households with over 250.000 euros of the economic size.  

Key words: subsidy, economic size, type of agricultural household, Vojvodina. 

REZIME 
Prema Zakonu Republike Srbije o podsticajima u poljoprivredi i ruralnom razvoju, razlikuju se četiri osnovne vrste podsticaja: 

direktna plaćanja, podsticaji merama ruralnog razvoja, posebni podsticaji i kreditna podrška.   
Kako su programske aktivnosti, koje se odnose na direktna plaćanja i podršku ruralnom razvoju, najzastupljenije u strukturi 

subvencija, u radu analizirana je raspodela navedenih mera podrške poljoprivrednoj proizvodnji. Posmatrane su subvencije za biljnu 
(po hektaru) proizvodnju, regresi za gorivo i/ili đubrivo, subvencije za stočarstvo, kao i subvencije za investicije.  U skladu sa 
navedenim, cilj istraživanja je predstaviti način na koji su posmatrana sredstva raspoređena prema tipu gazdinstva i ekonomskoj 
veličini i to konkretno na teritoriji Vojvodine. 

Utvrđeno je da na teritoriji Vojvodine, Južnobačka oblast u najvećoj meri učestvuje u preraspodeli posmatarnih sredstava. 
Sagledavanjem strukture raspoređenih subvencija prema tipu gazdinstva, uočeno je da se najveći deo subvencija za investicije i 
plaćanja po hektaru, za đubrivo i/ili gorivo plasiralo gazdinstvima specijalizovanim za ratarsku proizvodnju, kojih je ujedno i najviše 
na teritoriji Vojvodine. Među gazdinstvima koja su specijalizovana za neki od oblika stočarske proizvodnje, najviše su se 
subvencionisala gazdinstva specijalizovana za stoku koja se napasa.  

Posmtarajući raspodelu subvencija prema ekonomskim veličinama, zabeleženo je da se u najvećoj meri investiralo kod 
gazdinstava ekonomske veličine između 25.000 i 50.000 evra, dok je gazdinstvima iste ekonomske kategorije plasirano i najviše 
sredstava namenjenih direktnim plaćanjima. Kada je reč o subvencijama za stočarstvo, one su u najvećem procentu plasirane 
gazdinstvima čija je vrednost ekonomske veličine preko 250.000 evra. 

Ključne reči: subvencije, ekonomska veličina, tip gazdinstva, Vojvodina. 
 

INTRODUCTION 
The agrarian policy can be defined as an organized activity 

of the state with the purpose of providing the best possible food 
system with the optimal use of limited resources. In addition to 
the food security for all citizens and continual access to food, 
such system should also provide food at low and affordable 
prices for the non-agricultural population, nutritiously safe food, 
as well as the appropriate lifestyle for farmers (Zakić and 
Stojanović, 2009). 

An instance of the contemporary concept of agrarian policy 
is given by the Common Agricultural Policy of the European 
countries where two basic types of support to the agrarian sector 
are clearly divided as follows: support of market-price policy in 
agriculture and rural development support. One of the basic 
instruments of agricultural policy in the market-price policy 
entails different subsidies to agricultural producers. The aim of 
the subsidies is to bridge the gap between the relatively high 
costs of production and the relatively low prices of agricultural 

products in the market. Accordingly, the producers are 
economically motivated to stay on their farms and continue with 
the production to ensure food security for the urban population. 
(Božić et al, 2011) 

MATERIAL AND METHOD 
According to the Law on Subsidies in Agriculture and Rural 

Development of the Republic of Serbia, we can define certain 
types of incentives, means of their use, the registry of incentives 
in agriculture and rural development, as well as the conditions 
required in order to obtain incentives for agricultural production. 
Furthermore, the right to incentives is given only to those 
agricultural households that are registered in the registry of 
agricultural households.  

The Law distinguishes four types of incentives: 
 

1. Direct payment 
2. Rural development measures; 
3. Special incentives; 
4. Credit support. (Službeni glasnik RS, 2016) 
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According to the Law on the Budget of the Republic of 
Serbia, the greatest share of the funds is subsidized through the 
direct payment measure, followed by the rural development 
measures, credit support and special incentives. The final type 
can be registered as a special measure in the Law on the Budget 
only after 2016. The structure of incentives for agriculture and 
rural development in 2016 was as follows: direct payment (87 
%), rural development measures (9 %), credit support (3 %), and 
special incentives (1%) (Đurić, et al, 2016).  

According to the National Program for Agriculture (2018-
2020), a similar incentive structure is expected in the coming 
years, with the plan to increase budget for direct payments by 
2.4 % in 2020 compared to 2019. (Službeni glasnik RS, 2017) 

The Republic of Serbia as an European Union (EU) 
candidate seeks to adapt its own measures to the measures that 
are present in the EU, which is conditioned by the membership 
in the European Union. Consequently, there is an ultimate aim to 
align the structure of allocated funds intended for subsidizing 
agricultural production, but it has not t been achieved yet. 
Observing the structure of an EU budget of 408.3 billion euros 
for agricultural producers for the period 2014-2020, it can be 
noticed that 75.6 % of the total funds are allocated to agricultural 
producers as the market-price support, whereas 24.4 % are 
allocated to the rural development support. Within the market-
price policy, direct payments participate with 71.3 % of the total 
funds, whereas 4.3 % are allocated for market support. The EU 
shapes their budget for period 2021-2027 and proposes reducing 
by around 5 %. The objectives of the Common Agricultural 
Policy are primarily related to the integration of young farmers 
through increasing the benefits for small and medium-sized 
producers. (https://ec.europa.eu) 

As direct payments and support to rural development 
dominates in the structure of the aforementioned incentives to 
the agricultural production, the subject of this research are direct 
payments and support to rural development in the Republic of 
Serbia, especially the Province of Vojvodina. 

According to the official methodology of the Statistical 
Office of the Republic of Serbia (Opštine i regioni u Republici 
Srbiji, 2018), there are five regions in Serbia: Belgrade, 
Vojvodina, Region Šumadija and Western Serbia, Southern and 
Eastern Srbia, and Kosovo i Metohija. As expected, the greatest 
share of the funds is given to the Region of Vojvodina, so the 
aim of this research is to show the structure of the direct 
payments and support to the rural development in Vojvodina 
relative to the type of agricultural household and its economic 
size. 

As already mentioned, the official methodology of the 
Statistical Office of the Republic of Serbia distinguishes between 
5 regions and 30 areas. A total of seven areas in Vojvodina were 
under consideration in the present study: Južnobačka, 
Južnobanatska, Severnobačka, Severnobanatska, 
Srednjebanatska, Sremska and Zapadnobačka. According to the 
FADN methodology, the regional division for Serbia implies 
Serbia - North and Serbia - South. In this regard, the regions 
observed correspond to the largest part of Serbia - North, with 
the exception of the Belgrade region which was excluded from 
the research. (https://www.fadn.rs/) 

The classification of agricultural households according to the 
Ministry of Agriculture, Forestry and Water Management 
corresponds to the Commission Regulation (EC) No 867/2009 
and distinguishes between nine basic types of households: 
households specialized in field crops, households specialized in 
permanent crops, households specialized in horticulture, 
households specialized in granivores, households specialized in 
grazing livestock, households specialized in mixed crop 

production (namely mixed livestock production, mixed crop and 
livestock production), as well as households with no income. As 
a great number of households perform many activities 
contemporaneously, the household type is determined on 
account of the predominant activity, i.e. the activity that claims 
more than two thirds of the total income structure. 

The allocation of subsidies is presented in accordance with 
the economic size of the agricultural households. The aim is to 
show how and where the support funds for agricultural 
producers are extended. According to the Eurostat methodology, 
the standard output represents the average monetary value of the 
agricultural output at a farm-gate price in euros per hectare or 
per head of livestock. (https://ec.europa.eu) Therefore, the 
economic size value of the gross agricultural production which 
the producer can expect to receive based on their own property, 
or more precisely the crops produced, long-term crops or 
livestock in the given region under „normal“ conditions of 
production (in euros) (Cvijanović et al., 2014).  

The data obtained from the Ministry of Agriculture, Forestry 
and Water Management of the Republic of Serbia were used as 
the basic source of information. The data were obtained from the 
Information Technology Sector of the Directorate for Agrarian 
Payments. A total of three different types of support were 
analyzed: subsidies for investments (support to rural 
development), subsidies for animal production and direct 
payments which include subsidies paid for hectare, fuel and/or 
fertilizer. 

The subsidies for investments include the support to 
agricultural producers in order to expand production capacities. 
Investments in the production capacity are aimed at the 
diversification of income, which provides the more stable 
forecasting and reduction of risks in the production process. 
Consequently, agricultural households which receive these 
subsidies improve their competitive position and ultimately the 
quality of life in rural areas, which renders investment subsidies 
part of the measures to support rural development. 

Subsidies for animal production include part of direct 
payments for livestock production, i.e. incentives in cattle 
farming, pig farming, beekeeping, poultry and fisheries.  

Subsidies paid per hectare can be deduced under direct 
payments as a support to crop production. The amounts paid to 
agricultural producers vary and depend primarily on the type of 
crop production. Conversely, subsidies for fuel and/or fertilizer 
are paid in a certain percentage for the purchased amount of 
inputs and in the official classification they are recognized as a 
recourse (Službeni glasnik RS, 2016). 

The subsidies examined were allocated in the period 2012 -
2016, with the exception of the subsidies for investments and 
animal production. In the case of the subsidies for investments, 
the sum of allocated subsidies was observed based on the annual 
level in terms of the average value for the past three years (2014-
2016). Similarly, the subsidies for animal production were 
shown as the sums of the allocated measures at the annual level, 
i.e. the four-year average value for the period 2013-2016. 
Finally, the subsidies related to the direct payments per hectare, 
fuel and/or fertilizers, represented the five-year average value for 
the period 2012-2016.  

The analysis in this paper was conducted on the basis of the 
data conceded, i.e. the form in which they were given by the 
Ministry of Agriculture, Forestry and Water Management of the 
Republic of Serbia. The data on the subsidies indicate that no 
major deviations were registered for the given time periods 
under the influence of uncommon circumstances. Therefore, it 
was supposed that the given average values would be most 
representative. The value of the observed subsidies is in RSD, 

https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/future-cap_en
https://ec.europa.eu/
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wheras the economic size is in EUR in accordance with the 
European standards. In the present study, the available data were 
processed using the standard statistical instruments of 
descriptive statistics, which implies the determination of the 
average values of the long-term time series of the phenomena 
observed. (Novković et al., 2018) 

RESULTS AND DISCUSSION 
Table 1 shows the analysis of the allocation of subsidies in 

the regions of the Republic of Serbia for the period 2012 -2016. 
We observed the three-year average value of the funds for 
subsidies for investments, the four-year average value of the 
funds for animal production and the five-year average value of 
the sum of the funds for the direct subsidies that 
include payments per hectare and payments for 
fertilizers and/or fuel. The greatest number of the 
Serbian households is located in the Regions of 
Šumadija and Western Serbia, i.e. 138.024 
agricultural households (41. 2 % of the total 
household number in Serbia). In the territory of 
Vojvodina, 30 % of the total registered 
households are recorded, whereas slightly less 
than 30 % are located in the regions of Belgrade, 
Southern Serbia, Eastern Serbia, and Kosovo and 
Metohija. The allocation of the funds for 
subsidizing agricultural production to regions is 
not concurrent with the number of the 
households within the regions. Although there 
are more agricultural households in the Region 
of Šumadija and Western Serbia than in 
Vojvodina, the greatest share of funds is allocated to the the 
Vojvodina region.  Approximately 55.5 % of the total funds for 
investment subsidies are allocated to Vojvodina, whereas only 
26.3 % are allocated to Šumadija and Western Serbia. However, 
the funds for subsidizing investments (RSD 1.15 billion on 
average annually) are at a very low level compared to the other 
two forms of subsidizing. Relative to the subsidies for animal 
production (totaling RSD 10.7 billion on average), the share of 
funds allocation between the Region of Vojvodina and the 
Region of Šumadija and Western Serbia is at a relatively same 
level. Vojvodina received 38.8 % of the animal production 
subsidies, whereas Šumadija and Western Serbia received 37.6 
% of the funds for subsidizing animal production. The remaining 
23.6 % of the funds are allocated to the remaining three regions, 
where the greatest share was extended to the agricultural 
households in the Region of Southern and Eastern Serbia.   

The largest funds (RSD 12.7 billion on average annually) 
were extended through direct payments in the following order: 
Vojvodina 56.1 %, Šumadija and Western Serbia 26.7 %, 
Southern and Eastern Serbia 13.6 %, Belgrade 2.7 % and 
Kosovo and Metohija 0.9 %. 

According to Table 1, it is evident that the greatest share of 
the funds for subsidizing agricultural production is allocated to 
Vojvodina. Table 2 shows the average annual amount of the 
allocated subsidies in the Region of Vojvodina per areas.  

The greatest number of households is located in the territory 
of the Južnobačka area (22.8 %), whereas approximately the 
same number of households (about 17 %) was recorded in the 
territory of Srem and Južnobanatska area. The number of 

agricultural households in other regions under consideration is 
between 9.508 and 11.713. 

Relative to the subsidies per areas in Vojvodina, the 
Južnobačka area received most of the funds (RSD 2.523.635.728 
in total). Compared to other areas in Vojvodina, the Južnobačka 
area also received the greatest share of the subsidies for 
investments and the subsidies for animal production. 
Conversely, the Južnobanatska area received the largest part of 
direct payments (RSD 1.403.886.243 compared to RSD 
1.392.116.126 allocated to the territory of Južnobačka area). 

As already mentioned, the Ministry of Agriculture, Forestry 
and Water Management of the Republic of Serbia distinguishes 
nine types of agricultural households. Table 3 presents the 
allocation of the funds for subsidizing agricultural production in 
the Region of Vojvodina by the household type. There are 
100.584 agricultural households in the Region of Vojvodina. 

The greatest number (58.4 %) is specialized in field 
crop production. Moreover, there is a considerable 
number of households without income: 13.630 or 
13,6%. The greatest part of the subsidies for 
investments (59.5 % or RSD 633.501.737) was 
allocated to the households specialized in field crop 
production. The households specialized in grazing 
livestock (14, 2%) received most of the funds for this 
purpose. Conversely, the smallest funds were extended 
to the households specialized in horticulture, which 
claim the smallest share of the total number of 
households in Vojvodina. This type of subsidizing is 
especially interesting because it presupposes 
subsidizing the purchase of new machinery. However, 
the data furnished by the Ministry do not specify the 
share of the subsidies allocated to the new machinery 
purchase. The households specialized in livestock 
production received the greatest share of the subsidies 
for animal production. 

Table 1. Average allocated subsidies in accordance with the purpose 
per regions in Serbia (in RSD) 

Region Number of 
households 

Subsidies for 
investments 

Subsidies for 
animal 

production 
Direct payments 

Belgrade 16.277 58.879.460 981.973.751 347.162.717 
Šumadija 

and Western 
Serbia 

138.024 301.885.025 4.020.169.136 3.389.104.420 

Southern 
and Eastern 

Serbia 
74.075 153.829.069 1.597.840.077 1.728.001.072 

Vojvodina 100.584 633.501.737 4.100.583.958 7.126.005.315 
Kosovo 

and Metohija 6.424 1.024.000 0,00 110.989.456 

Total 335.384 1.149.119.290 10.700.566.921 12.701.262.980 

Source: Ministry of Agriculture, Forestry and Water Management of 
the Republic of Serbia   

Table 2. Average allocated subsidies according to the subsidy purpose and 
areas in Vojvodina (in RSD) 

R. 
br. Area Number of 

households 
Subsidies for 
investments 

Subsidies for 
animal 

production 

Direct 
payments 

1. Severnobačka 9.508 74.252.741 589.565.019 719.387.301 
2. Severnobanatska 10.526 65.983.649 603.316.491 760.322.873 
3. Srednjebanatska 11.713 68.070.992 550.381.335 995.460.024 
4. Sremska 17.341 105.683.001 525.479.404 1.088.825.140 
5. Južnobačka 22.889 161.921.103 969.598.500 1.392.116.126 
6. Južnobanatska 17.145 90.013.025 394.536.239 1.403.886.243 
7. Zapadnobačka 11.462 67.577.227 467.706.970 766.007.608 

Total 100.584 633.501.737 4.100.583.958 7.126.005.315 
Source: Ministry of Agriculture, Forestry and Water Management of the 

Republic of Serbia 
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The households specialized in mixed livestock production, 
mixed crop-livestock production, as well as grazing livestock 
and the cultivation of granivores claim 96 % of the total sum of 
the funds for stockbreeders. The households specialized in 
grazing livestock and livestock claim 37.9 % and 28.6 % of the 
total sum of the funds for stockbreeders, respectively.  

Finally, the greatest share of direct payments, which include 
subsidies for crop production and fuel and/or fertilizer subsidies, 
was given to the agricultural households specialized in field crop 
production (70.6 % of RSD 7.126.005.315). The remainder was 
allocated to other types of households (it is noteworthy that the 
households specialized in mixed crop-livestock farming received 

nearly one billion RSD annually.  
In addition to the allocation based on the type 

of agricultural households, Table 4 shows the 
structure of the allocated subsidies according to 
the economic size of agricultural households. 

The greatest share of the subsidies for 
investments was allocated to the households with 
the economic size between EUR 25.000 and 
50.000 (27.1 %), whereas the smallest funds were 
allocated to the households with the economic size 
less than 4.000 euros. The households with the 
economic size lower than 4.000 euros claim 46.6 
% of the total household number, indicating that 
the extensive agricultural production predominates 
in the Region of Vojvodina. Furthermore, the 
households of a greater economic size are 
seemingly more daring when it comes to new 
investments compared to the households with low 
income. Accordingly, the greater the economic 
size of the household, the more willing the 
producer is for new investments.  

In the case of the subsidies for animal 
production, most of the funds were allocated to the 
richest households with the economic size 
exceeding 250.000 euros (total 34.8 %). 
Conversely, the greatest part of the direct 
payments was allocated to the households with the 
economic size between 15.000 and 20.000 and 
25.000 and 50.000 euros (40 % in total). 

Furthermore, it is important to highlight that 
the allocation of the subsidies based on the 
economic size is not in accordance with the 
number of households. The greatest number of 
households belongs to the category that basically 
receives the smallest funds, i.e. the category with 

less than 4.000 euros of the economic size. Conversely, the 
category of households with an economic size of over 250.000 
euros encompasses the smallest number of the registered 
farmers.  

CONCLUSION 
This paper presents an overall review of the allocated 

subsidies for the agricultural production in the Republic of 
Serbia, particularly the Region of Vojvodina (which receives 
most of the funds at the state level). The results obtained indicate 
the underlying trends in subsidizing the agricultural production 

in the Republic of Serbia and identify a number 
of issues to be addressed in further research, 
thus providing a valuable source of information 
for the agrarian policy makers.  

The greatest share of the state subsidies for 
farmers, regardless of the subsidy type, was 
allocated to the agricultural households in the 
Region of Vojvodina, where the Južnobačka 
area claimed most of the funds allocated. In 
addition to the Južnobačka area, the Sremska 
area also received significant subsidies, whereas 
the remaining funds were equally allocated to 
other regions.  

Relative to the structure of the allocated 
subsidies based on the household types, the 
greatest share of the subsidies for investments 
and payments per hectare, as well as fertilization 
and/or fuel, was allocated to the households 
specialized in field crop production (also mostly 

Table 3. Allocation of subsidies in agricultural production by the 
household type in the Region of Vojvodina 

Household type 
Total 

number of 
households 

Subsidies 
for 

investments 

Subsidies for 
animal 

production 

Direct 
 payments 

Households 
specialized in 

field crop 
production 

58.782 377.176.963 145.141.344 5.033.572.243 

Households 
specialized in 

permanent crops 
3.187 35.454.530 7.170.748 55.737.489 

Households 
specialized in 
horticulture 

540 1.249.627 117.550 3.482.889 

Mixed crop 
production 1.820 12.375.508 4.504.751 92.934.785 

Mixed 
crop-livestock 

production 
9.617 61.335.788 1.174.009.550 994.606.287 

Mixed livestock 
production 2.627 9.413.073 328.696.947 206.292.888 

Households 
specialized in 

granivores 
5.993 42.834.405 881.760.346 303.989.489 

Households 
specialized in 

grazing livestock 
4.388 90.139.739 1.552.224.964 330.910.745 

Households 
without income 13.630 3.522.105 6.957.757 104.478.502 

Total 100.584 633.501.737 4.100.583.958 7.126.005.315 
Source: Ministry of Agriculture, Forestry and Water Management of 

the Republic of Serbia 

Table 4. Allocation of the subsidies in agricultural production based on the 
economic size of the agricultural households in the Region Vojvodina 
Standard output Number of 

households 
Subsidies for 
investments 

Subsidies 
 for animal  
production 

Direct 
 payments 

0-4.000 46.911 24.024.962 37.064.819 450.703.403 
4.000-8.000 15.136 33.105.453 56.894.985 670.015.485 

8.000-12.000 9.126 28.727.563 79.603.751 654.654.701 
12.000-15.000 6.339 28.946.077 72.081.367 656.675.913 
15.000-20.000 8.091 76.195.486 140.394.394 1.292.177.760 
20.000-25.000 3.994 54.950.124 151.848.117 764.554.826 
25.000-50.000 7.115 171.513.415 745.775.399 1.557.938.376 
50.000-100.000 2.693 101.230.579 821.388.843 715.030.375 

100.000-250.000 833 81.685.927 568.332.928 255.087.383 
more than 250.000 346 33.122.151 1.427.199.354 109.163.093 

Total 100.584 633.501.737 4.100.583.958 7.126.001.315 
Source: Ministry of Agriculture, Forestry and Water Management of the 

Republic of Serbia   
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present in the Region of Vojvodina). Of the households 
specialized in animal production, the households specialized in 
grazing livestock were mostly subsidized.  

The subsidies allocated on the basis of the economic size of 
households were mostly extended to the households with the 
economic size between 25.000 and 50.000 through direct 
payments. The subsidies for breeding livestock were mostly 
allocated to the households with the economic size exceeding 
250.000 euros.  

According to the National Agricultural Program (2018-
2020), the budget fund for direct payments is expected to 
increase in the future. The effect of such an increase can only be 
maximized with additional support measures for improving the 
competitiveness and rural development as a whole. The National 
Program for Agriculture of the Republic of Serbia relies on the 
EU funds, thus the agrarian policy and agricultural production 
subsidizing have to follow the objectives stipulated by the 
Common Agricultural Policy of the European Union. The 
objectives of the Common Agricultural Policy are primarily 
related to the integration of young farmers through increasing 
the benefits for small- and medium-sized producers. Moreover, 
the Common Agricultural Policy proposes a minimum of 2 % of 
direct support payments allocated to each EU country for young 
farmers. The ultimate goal is to ensure a fairer distribution of 
payments. 
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ABSTRACT 
The effects of variety and origin of planting material were examined in the aeroponic growing system. The potato cultivars 

‘Cleopatra’, ‘Kennebec’ and ‘Agria’ were used for the experimental purposes, originating both in vitro and from minitubers of the 
previous season’s crops. Plants originating from minitubers were found to be simpler and cheaper to prepare for the aeroponic 
system of cultivation compared to plants obtained in vitro. The first harvest of the ‘Cleopatra’ minitubers began 43 days after 
planting in aeroponics, whereas the harvest of the ‘Kennebec’ and ‘Agria’ minitubers occurred 20 days later. The ‘Cleopatra’ 
cultivar yielded an average of 14.37 minitubers, followed by the ‘Kennebec’ cultivar and “Agria” cultivar with 16.91 and 19.43 
minitubers on average, respectively. In the ‘Cleopatra’ and ‘Kennebec’ cultivars, the plant of the in vitro origin had a significantly 
larger number of tubers per plant than the plants originating from previous vegetation minitubers. In the ‘Agria’ cultivar, the in vitro 
created plants had a larger number of minitubers. The average mass of minitubers of all the cultivars under consideration was 
significantly higher in the plants originating from minitubers. A successive harvest of minitubers allows them to reach the desired 
size with dominant minitubers weighing over 8 g, which are considered large. 

Key words: potatoes, in vitro, ex vitro, minitubers. 

REZIME 
Aeroponski sistem za proizvodnju predosnovnog sadnog materija krompira (bezvirusne mini krtole) počeo je da se primenjuje 

početkom 21. veka. Mini krtole su proizvedene ex vitro od aklimatizovanih biljaka dobijenih in vitro ili od umnoženih mikro krtola. 
Njihova veličinu je manja od konvencionalnih krtola semenskog krompira, ali je veća od in vitro krtola proizvedenih pod aseptičnim 
uslovima na veštačkim medijima. Veličina mini krtola se obično kreće od 5-25 mm. 

U aeroponik sistemu gajenja, ispitivan je uticaj sorte i porekla sadnog materijala. Kao materijal u istraživanjima korišćene su tri 
sorte krompira Cleopatra, Kennebec i Agria sa dva porekla: in vitro i od mini krtola iz predhodne generacije. Biljke koje potiču iz 
mini krtola su jednostavnije i jeftinije za pripremu biljaka pogodnih za aeroponski sistem gajenja, u odnosu na biljke dobijene in 
vitro. Prvo branje mini krtola kod sorte Cleopatra počelo je 43 dana nakon sadnje u aeroponiku, dok je kod sorti Kennebec i Agria bilo 
20 dana kasnije. Sorta Cleopatra formirala je u proseku 14,37 mini krtola, sorta Kennebec 16,91 и Аgria 19,43 mini krtole. Kod sorti 
Cleopatra i Kennebec utvrđen je značajno veći broj krtola po biljci poreklom in vitro, u odnosu na broj krtola po biljci poreklom iz 
mini krtola iz predhodne vegetacije. Kod sorte Agria zabeležen je veći broj mini krtola poreklom iz sistema in vitro. Prosečna masa 
mini krtola bila je značajno veća kod biljaka poreklom iz mini krtola, u odnosu na biljke zasnovane iz mini krtola in vitro. Sukcesivno 
branje mini krtola omogućava da one dostignu željenu veličinu mase preko 8 g. 

Ključne reči: krompir, in vitro, ex vitro, mini krtola. 
 

INTRODUCTION 
Minitubers are produced ex vitro from acclimatized plants 

obtained in vitro or from multiplied microtubers. Their size is 
smaller than conventional seed potatoes, but larger than in vitro 
tubers produced under aseptic conditions on artificial media 
(Struik, 2007). The size of the minituber usually ranges from 5 to 
25 mm. 

The aeroponic system for the production of pre-basic seed 
potatoes (virus-free potato minitubers) was introduced at the 
beginning of the 21st century (Ritter et al., 2001, Nickols, 2005, 
Otazu, 2010.) The root of the plant is in a dark chamber 
(module), in the air, and water and nutrients are obtained through 

a nutrient solution sprayed in the form of fine particles of fog of 
50-60 microns. Access to the available oxygen in the air is 100 
%, which promotes the growth rate of the roots and the plant. 
This environment also provides plants with a full access to 
carbon dioxide in the range of 450 to 780 ppm for 
photosynthesis, so that the plants in the aeroponics environment 
grow more rapidly and absorb more nutrients than conventional 
hydroponic plants (Ritter et al., 2001). 

Minitubers are successively harvested at intervals of 10 to 15 
days, when they reach the desired size. This technique is 
successfully applied to the production of various horticultural 
species such as lettuce, tomato, cucumber and ornamental plants 
(Bucksetha et al., 2016). According to Farran and Mingo-Castel 
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(2006), the number and timing of the harvest is a key factor in 
optimizing the production of minitubers. The aeroponics 
technology is not potentially effective for all varieties of 
potatoes (Mateus-Rodriguez et al., 2012). In our previous 
research, the largest average number of minitubers was recorded 
in the ‘Desiree’ cultivar, whereas the smallest number was 
recorded in the ‘Sinora’ and ‘Cleopatra’ cultivars (Brocić et al., 
2018b). Plants frown in the aeroponics system have shown 
increased growth and their vegetative cycle has extended by 12 
to 36 % compared to plants that are cultivated in the substrate 
(Tierno et al., 2014). According to Abdullateef et al. (2012), a 
greater number and larger minitubers per plant were obtained 
with 25 plants per m2, compared to 35 and 50 plants per m2. In 
the production of minitubers, the most important parameter is 
their number, which (according to Tierno et al., (2014)) was 35-
40 per plant on average depending on the variety. In aeroponics, 
an individual potato plant can produce more than 100 minitubers 
(Otazu, 2008). 

MATERIAL AND METHOD 
The experiment was conducted at the Potato Research Center 

and the RZ Plant in Guča during 2018. A total of three potato 
cultivars were included in the experiment: ‘Cleopatra’, 
‘Kennebec’ and ‘Agria’. Plants of both cultivars that were 
planted in aeroponic modules were obtained in vitro or from 
minitubers of the previous season’s crops. The in vitro obtained 
plants were acclimated to the substrate of sand and perlite (1:1) 
20 days before planting in aeroponics (June 5). The plants 
originating from the minitubers were pre-sprouting 35 days 
before planting (May 20th) in a substrate of sand and perlite 
(1:1). The acclimatized and rooted plants were transplanted in 
aeroponic on 25 June 2018. At the moment of planting in the 
aeroponic modules, the root of the plants was washed with 
water. The experiment was set as two-factorial including two 
cultivars of potatoes and two originating plants in 4 repetitions 
(the number of plants was 24 per 1 m2). The experiment was 
conducted in aeroponic modules using the methodology as 
described in our previous studies (Broćić et al., 2018a, 2018b). 
During the experiment, the temperature was recorded in the 
module (root zone), plastic greenhouses (zone halum and leaves) 
and outdoors. Temperatures were recorded at 7 am and 15 pm. 
During the experiment, the minitubers were collected at intervals 
of 7 to 20 days, starting from August 2 to November 23 (Chart 
2). There were 10 reading times in total. Statistical analyses of 
the results were performed using the variance analysis and the 
Statistica 5.0 program. 

RESULTS AND DISCUSSION 
Temperature conditions. The root zone temperature is very 

important for the initiation, development and launch of root 
growth. (Chang et al., 2006). The best and most active root 
development takes place at temperatures approximating 20 °C. 
The optimal temperature for the initiation and initial growth of 
potato tubers is 16-19 oC, i.e. 18-22 oC in the formation and 
filling phase of the tuber. On the basis of Chart 1, it can be 
concluded that the daily maximum temperatures in the root zone 
(aeroponic) from the beginning of the experiment (June 25) to 
the end of August were dominant in the interval of 26-29 oC.  

Such high temperatures reduced the number of initiated 
tubers and inhibited their filling (Figure 2). The temperature 
range from September to the second decade of November was 
optimal for the formation of tubers in the aeroponics chamber 
(12-20 °C). 

 
 

Fig. 1. Temperature conditions during the research 
 

The number and mass of potato minitubers. The analysis of 
the average number of minitubers per plant and the average mass 
of a minituber showed very significant statistical differences 
under the influence of variety and origin of plants. The results of 
the measurements performed (Table 1) indicate that the cultivar 
‘Agria’ had the largest number of minitubers (19.43), which is 
significantly higher than those of the ‘Kennebec’ (16.91) and 
‘Cleopatra’ (14.37) cultivars. The influence of the plant origin 
was not statistically significant relative to the number of 
minitubers per plant. The average mass of the minitubers 
originating from minitubers in all three cultivars was 
significantly higher in relation to the plants originating in vitro. 
The ‘Kennebec’ cultivar had the largest mass of minitubers 
(12.08 g), followed by ‘Cleopatra’ (10.27 g) and the smallest 
cultivar ‘Agria’ (9.90 g). In all the treatments (except in 
‘Cleopatra’ minitubers obtained in vitro), minitubers were over 8 
g. This is the larger mass of minitubers compared to other 
authors (Chang et al., 2006, Struik, 2007), as well as in relation 
to our previous research (Brocić et al., 2018a, 2018b). 

The dynamics of the minituber formation. The first harvest 
of minitubers of the ‘Cleopatra’ and ‘Kennebec’ cultivars began 
on August 2, 43 days after planting in the aeroponics. For the 
‘Agria’ cultivar, the first harvest of minitubers was 20 days later, 
on August 22. Similar results were obtained by other researchers 
(Farran et al., 2006, Mateus-Rodriguez et al., 2012, Abdullateef 
et al., 2012).  

The number of minitubers of the ‘Kennebec’ and ‘Agria’ 
cultivars in the first, second and third harvest periods was the 
smallest, whereas the average mass of these tubers was the 
largest and ranged from 10 to 20 g (Graph 2.). The mass of the 
‘Cleopatra’ minitubers decreased after the second harvest. The 
number of minitubers of the plants obtained in vitro was initially 
larger than that of the plants originating from the previous crop’s 
minitubers but with a non-significant statistical difference. The 
successive harvesting of potaot minitubers allows them to reach 
the desired mass of over 8 g, as confirmed by the results of other 
authors (Ritter et al., 2001, Struik 2007, Rykaczewska 2016) 
minitubers of the previous season’s crops. Plants originating 
from minitubers were found to be simpler and cheaper to prepare 
for the aeroponic system of cultivation compared to plants 
obtained in vitro. 
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Table 1. The influence of the cultivar and origin of planting 
material on the number and mass of potato minitubers 

Cultivars (A) Origin of 
plants (B) 

Average number 
of minitubers  

per plant 

Average  
mass of a 

minituber (g) 

Cleopatra 
MT 13.21 13.88 

In vitro 15.53 6.66 
Average 14.37 10.27 

Kennebec 
MT 14.67 14.86 

In vitro 19.15 9.30 
Average 16.91 12.08 

Agria 
MT 19.92 10.72 

In vitro 18.95 9.08 
Average 19.43 9.90 

Average MT 15.93 13.15 
In vitro 17.87 8.34 

LSD 0,05 
(A) 2.13 1.21 
(B) 2.95 2.41 

(A x B) 4.56 3.16 

LSD 0,01 
(A) 2.62 2.03 
(B) 3.15 2.35 

(A x B) 5.34 4.18 
Legend: MT-from minituber 
 

  
Fig. 2. The dynamics of the formation of minipotato tubers of 

different origin in the aeroponic system 

CONCLUSION 

The effects of the variety and origin of planting material 
were examined in the aeroponic growing system. The potato 
cultivars ‘Cleopatra’, ‘Kennebec’ and ‘Agria’ were used for the 
experimental purposes, originating both in vitro and from The 
first harvest of the ‘Cleopatra’ minitubers began 43 days after 
planting in aeroponics, whereas the harvest of the ‘Kennebec’ 
and ‘Agria’ minitubers occurred 20 days later. The ‘Cleopatra’ 
cultivar yielded an average of 14.37 minitubers, followed by the 
‘Kennebec’ cultivar and “Agria” cultivar with 16.91 and 19.43 
minitubers on average, respectively. In the ‘Cleopatra’ and 
‘Kennebec’ cultivars, the plant of the in vitro origin had a 
significantly larger number of tubers per plant than the plants 
originating from previous vegetation minitubers. In the ‘Agria’ 

cultivar, the in vitro created plants had a larger number of 
minitubers. The average mass of minitubers of all the cultivars 
under consideration was significantly higher in the plants 
originating from minitubers. A successive harvest of minitubers 
allows them to reach the desired size with dominant minitubers 
weighing over 8 g, which are considered large. 
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