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Čačak, Serbia 

20–22 August, 2025 

 

INTRODUCTION 

Knowledge and skill of food production have a unique role in humans’ 
lives. It is the foremost civilization skill. Nowadays, agriculture, as one of the 
oldest human activities, is a highly demanding production which merges 
knowledge from considerable number of fundamental and biotechnical sciences. 
This presents a challenge for the education of the students of agronomy and 
agricultural faculties. 

The efforts to provide a student meeting point for discussing issues 
related to the acquired knowledge in the field of agriculture led to the First 
Conference of Agronomy Students which was held at and organized by the 
Faculty of Agronomy in Čačak, Serbia, in 1998. So far, at the previous thirteen 
Student Conferences, 501 papers from 20 countries have been presented and 
published in Proceedings. Today, we hope that the fourteenth Conference of 
Agronomy Students will provide a forum for students-researchers in the field of 
biotechnical sciences contributing to the vibrant life of biotechnology research. 

As the organizers of the Fourteenth Conference of Agronomy Students 
we encourage the students and their mentors to actively participate in this event 
by submitting projects, researches, experiences, and other theoretical and 
practical contributions as well as by transferring knowledge and expanding 
academic network. 

This year, the Fourteenth Conference presents 26 students’ papers at three 
levels of study (bachelor, master, and doctoral) from 13 institutions and 6 
European countries. The submitted, presented, and printed papers are the part of 
scientific and research activities of the students at different levels of studies and 
of their mentors. The papers are printed as submitted by the authors. 

We offer out thanks to all the participants of the Fourteenth Conference 
of Agronomy Students inviting them to participate in the next Conference as 
contributors or mentors.    
 

Čačak, August, 2025 
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Effects of early and late oviposition on fecundity, fertility 

and viability of Plodia interpunctella (Lepidoptera: 

Pyralidae) in the F2 generation 
 

Student: Danijela Ćoćić 

Second year of study, doctoral studies 

Mentor: Filip Vukajlović 

University of Kragujevac, Faculty of Science, Biology and Ecology,  

Radoja Domanovića 12, Serbia 

e-mail: danijela.cocic@pmf.kg.ac.rs 

 

Abstract: Indian meal moth, Plodia interpunctella (Hübner, 1813), a 

common stored-product pest, causes significant economic losses due to its wide 

dietary range and contamination. This study investigates how early and late 

oviposition influences life history traits – fecundity, fertility, viability, and adult 

morphology. Early and late oviposition lines were established and evaluated in 

the F2 generation. Fertility was higher in the early oviposition line, while 

fecundity and viability were not significantly different between the tested 

oviposition lines. Adult emergence dynamics and lifespan also showed no 

statistically significant variation. Adults from late oviposition exhibited slightly 

larger body sizes, with females being significantly longer and had than those 

from early oviposition. These findings suggest a trade-off where early 

reproduction may higher fertility and smaller body size, while late reproduction 

allows for lower fertility and larger body size. Overall, the timing of oviposition 

did not significantly impact reproductive output or viability in F2 generation. 

Further research across multiple generations is needed to clarify long-term 

evolutionary effects. Understanding these dynamics can give us more knowledge 

about the life history of this pest and help improve pest control strategies. 

 

Key words: Indian Meal Moth, life history, survival, reproduction,  

F2 generation. 

 

 

Introduction  

 

All organisms tend to allocate available resources to activities and processes 

that increase their ability to survive and reproduce. This ability is called 

adaptive value or fitness. Organisms cannot invest their energy equally and 
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simultaneously in all of their activities or processes, so they must allocate their 

resources to one process at the expense of another, which is known as a trade-

off (Stearns, 1989). Organisms that allocate their resources more efficiently 

leave more offspring, and over generations, natural selection increases these 

traits in the population (Fabian and Flatt, 2012). After a long period, 

populations with life history strategies that are well-adapted to the environment 

are formed. These strategies are different for each species and depend on its 

traits, environment and other constraints (Fabian and Flatt, 2012). 

The most important life-history trade-off relates to the cost of reproduction 

(Stearns, 1989). According to the terminal investment hypothesis, an organism 

invests more in reproduction as its chances of surviving decline with age (Jehan 

et al., 2021). The cost of reproduction is a main subject of the disposable soma 

theory of ageing, which states that reproduction is balanced against protection 

and maintenance of the body, leading to a gradual deterioration in future 

reproductive capacity and survival (Kirkwood, 1977). Thorne et al. (2006) have 

shown that reduced body size affects resource allocation by favouring early 

reproduction, which often compromises long-term survival, as individuals with 

smaller bodies tend to invest less in initial egg production despite having greater 

overall reproductive potential. 

Early egg-laying may enable rapid dispersal and population growth but can 

hinder individual development (ĐorĎević et al., 2016) and reduce adult longevity, 

suggesting a trade-off between mobility and longevity (Hanski et al., 2006). On 

the other hand, late oviposition can support longer lifespan and improved 

development, possibly helping individuals avoid environmental stressors 

(ĐorĎević et al., 2016). Delayed reproduction can increase late-life fecundity but 

may reduce overall lifespan (Canal et al., 2021). 

This study shows how early and late oviposition affects Indian meal moth, 

Plodia interpunctella (Hübner, 1813) life history traits. This moth is a common 

pest of stored products (Mohandass et al., 2007). It causes significant losses due 

to its wide range of dietary preferences (Athanassiou and Arthur, 2018). Larval 

feeding reduces product quality and causes economic losses (Vukajlović, 2021). 

Additionally, P. interpunctella contaminates storage areas, raising concerns 

about food safety (Athanassiou and Arthur, 2018).  

This research aims to clarify if early and late oviposition affects fecundity, 

fertility and viability of P. interpunctella, to gain more knowledge about the life 

history of this pest and to help improve pest control strategies. 

 

Material and methods  

 

Plodia interpunctella base population was reared for 65 generations in 

transparent plastic containers on a standard laboratory diet (Silhacek and Miller, 
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1972) under controlled conditions (23 ± 1°C, 60 ± 10% rh, 10:14 L:D 

photoperiod) at the Laboratory of General and Applied Entomology, Faculty of 

Science, University of Kragujevac, Serbia.  

Immediately after emerging, P. interpunctella females and males from the 

base population were paired and allowed to copulate. After copulation, females 

were transferred to the oviposition jars to lay eggs to form early (E line) and late 

(L line) oviposition populations. The E line was developed by allowing 

copulated females to lay eggs in the first two days of their lives. These eggs 

were used for creating the F1 generation of the E line. The F1 generation of the 

L line was created from copulated females that laid eggs from the third day of 

their lives and copulation until their death. After obtaining them, E and L lines 

eggs were transferred separately to a standard laboratory diet (Silhacek and 

Miller, 1972) to develop the F2 generation. After the development of F1 pupae 

in both lines, they were transferred to glass tubes to ensure that the emerging F1 

adults would be virgins. Once the emergence occurred, the virgin adults were 

paired and the formation of E and L lines was repeated to obtain the F2 

generation. The rearing of the F2 generation of E and L lines was conducted in a 

thermostat chamber, at 28 ± 1°C, relative humidity 60 ± 10%, and a photoperiod 

of 10:14 L:D, on a standard laboratory diet (Silhacek and Miller, 1972). 

In the F2 generation, fertility, fecundity, and viability of E and L lines were 

evaluated. Fertility was assessed by recording the number of emerged adults in 

20 replicate jars. Fecundity was measured by counting egg production over 30 

replicates, along with the adult longevity and morphometric analyses of body 

and wing sizes. Viability was determined as the percentage of eggs successfully 

developing into adults, based on 12 replicates of 100 eggs each. Statistical 

analyses were conducted using IBM SPSS Statistics 20, employing an 

independent samples t-test and ANOVA with Bonferroni post hoc tests to 

compare early and late oviposition groups. 

 

Results and discussion 

 

Differences in the total fertility of E and L lines of P. interpunctella in the F2 

generation are shown in Table 1. The mean number of emerged adults was higher 

in the E line population (85.15 ± 21.89) compared to the L line population (48.70 

± 10.16), however, there was no statistically significant difference (t = 1.510, p = 

0.143). Among 20 tested pairs, there were 8 sterile females in the E line and 5 in 

the L line, which also influenced the overall results. If the results of sterile 

females were removed, the mean number of emerged adults from the E line was 

significantly higher (t = 2.775, p = 0.014) compared to the L line (Table 1).  
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Table 1. Fertility (µ ± SE) of the F2 generation (total and by sex) of Plodia 

interpunctella populations reared in early and late oviposition modes 

Oviposition 

line 

Total fertility 

(including sterile 

females) 

Total fertility 

(excluding sterile 

females) 

Male Female 

Early 85.15 ± 21.89a 141.67 ± 25.57a 38.95 ± 9.67a 46.20 ± 12.38a 

Late 48.70 ± 10.16a 64.87 ± 10.59b 25.05 ± 5.06a 23.65 ± 5.21a 
Values with the same letter in the column are at the same level of significance for the confidence interval 95%. 

 

This result is consistent with Šešlija et al. (2008), who demonstrated that 

Acanthoscelides obtectus (Say, 1831) adults from early oviposition produced larger 

progeny. This is also confirmed by the study of Jehan et al. (2021), where Tenebrio 

molitor Linnaeus, 1758 adults from early oviposition showed more effective 

reproduction. Consistently, Eady et al. (2004) demonstrated that the female fertility 

of Callosobruchus maculatus (Fabricius, 1775) diminishes with advancing age. 

Based on our results, we cannot say with certainty that the time of oviposition has 

no bearing on fertility because not enough time has passed for the mutations to 

accumulate since the first observation was made on the second generation. 

Additional research in the following generation will clarify these assumptions. 

During the observation, we noticed that the males were the first to emerge. The 

mean number of emerged E line males and females was higher than the L line, but 

these differences were not statistically significant (t = 1.275, p = 0.212; t = 1.679, p 

= 0.105, respectively). This research is in agreement with the research conducted by 

Katlav et al. (2023), who showed that late oviposition does not affect the sex ratio. 

Results on adult emergence dynamics are represented in Table 2. There were 

no significant differences between E and L lines in the timing of first adult 

emergence, duration of emergence, or peak emergence day. Peak of the emergence 

occurred around day 20.75 ± 3.24 (E lines) and 21.40 ± 2.46 (L lines). Although 

the E line showed a higher maximum daily emergence, the difference was not 

statistically significant (t = 1.693; p = 0.099). These results indicate that the timing 

of oviposition does not affect the timing or overall dynamics of adult emergence.  
 

Table 2. Adult emergence dynamics of the F2 generation of Plodia interpunctella 

populations reared in early and late oviposition modes 

Oviposition 

line 

Emergence of 

first adults 

Duration of 

emergence 

Peak 

emergence 

day 

Maximum daily 

number of 

emerged adults 

Early 20.45 ± 2.89a 6.65 ± 1.42a 20.75 ± 3.24a 31.45 ± 6.99a 

Late 19.85 ± 2.29a 6.00 ± 1.12a 21.40 ±2.46a 18.00 ± 3.78a 
Values with the same letter in the column are at the same level of significance for the confidence interval 95%. 

 

Fecundity in E and L lines was similar between tested groups (E lines: 

77.86 ± 9.10; L lines: 77.27 ± 10.30), with no significant difference (t = 0.043; 
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p = 0.966) (Table 3). Results from Danho et al. (2002) confirmed that earlier 

oviposition and greater resource availability result in higher egg production and 

adult emergence, indicating that early and abundant oviposition enhances 

reproductive success.  

 
Table 3. Fecundity (µ ± SE) of the F2 generation of Plodia interpunctella 

populations reared under early and late oviposition modes 

Oviposition line 
Number of tested 

pairs 

Number of sterile 

pairs 
Fecundity 

Early 36 1 77.86 ± 9.10a 

Late 26 0 77.27 ± 10.30a 
Values with the same letter in the column are at the same level of significance for the confidence interval 95%. 

 

The beginning of the oviposition was similar between lines: 1.58 ± 0.22 days 

in E line and 1.42 ± 0.14 days in L line, with no significant difference (t = 0.572; 

p = 0.569) (Table 4). Research by ĐorĎević (2016) showed that females from late 

oviposition delay the onset of egg laying and exhibit reduced early but increased 

late fecundity, while early-ovipositing females start sooner and lay eggs within a 

shorter time frame. Oviposition lasted slightly longer in the L line (3.65 ± 0.25 

days) than in the E line (3.14 ± 0.24), but the difference was not significant (t = –

1.46; p = 0.149). Peak egg-laying occurred on the 2
nd

 day of oviposition in both 

groups (E lines: 26.00 ± 4.03; L lines: 29.54 ± 5.78), with no significant 

differences across the first three days (Table 4). Vukajlović (2021) showed that 

the number of eggs laid by P. interpunctella was the highest during the first two 

days of egg laying, and then decreased, which is consistent with our results. 

Although our results did not show a significant difference in total fecundity 

and oviposition dynamics, research should be continued in the next generations 

to establish if oviposition time affects fecundity.  

 
Table 4. Beginning, duration, and dynamics of oviposition of the F2 generation of 

Plodia interpunctella reared under early and late oviposition modes 

Oviposition 

line 

Beginning 

of the 

oviposition 

Duration 

of 

oviposition 

Dynamics of oviposition 

Day 1 Day 2 Day 3 

Early 1.58 ± 0.22a 3.14 ± 0.24a 23.53 ± 4.26a 26.00 ± 4.02a 17.69 ± 4.72a 

Late 1.42 ± 0.14a 3.65 ± 0.25a 23.15 ± 7.16a 29.54 ± 5.78a 14.85 ± 4.30a 

Values with the same letter in the column are at the same level of significance for the confidence interval 95%. 

 

Adult longevity by sex is shown in Table 5. Females from the L line lived 

slightly longer (6.38 ± 0.44 days) than those from the E line (5.58 ± 0.18), but the 

difference was not significant (t = –1.68; p = 0.103). The same trend was seen in 

males (L line: 6.27 ± 0.44; E line: 5.50 ± 0.22; t = –1.55; p = 0.129). Within each 
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line, females lived slightly longer than males, though differences were not 

significant (E lines: p = 0.774; L lines: p = 0.854). Previous studies demonstrated 

that A. obtectus from early oviposition had shorter lifespan (Šešlija and Tucić, 

2003), whereas those from late oviposition lived longer (Tucić et al., 2004). 

 
Table 5. Adult longevity (µ ± SE) of the F2 generation of P. interpunctella reared  

under early and late oviposition conditions 

Oviposition line 
Female Male 

Range Lifespan Range Lifespan 

Early 4-9 5.58 ± 0.18a 3-8 5.50 ± 0.22a 

Late 4-14 6.38 ± 0.44a 2-11 6.27 ± 0.44a 
Values with the same letter in the column are at the same level of significance for the confidence interval 95%. 

 

Body and forewing lengths were also measured (Table 6). Females in the L line 

were significantly longer (13.70 ± 0.23 mm) than those in the E line (12.96 ± 0.20 

mm; t = –2.46, p = 0.017). Body length without genitalia of males from the L line 

was longer (12.45 ± 0.18 mm) than in L line males (11.88 ± 0.16 mm; t = –2.33, p = 

0.023), while total body length difference was not statistically significant (t = –1.83, 

p = 0.073). Females were significantly longer than males in both groups (p < 

0.001). Wing length differences were not significant in both males and females in E 

and L line, however, female wing length was significantly longer than that of males, 

in both E and L lines. These results are also confirmed by Vukajlović (2021). 

 
Table 6. Body and wing lengths (µ ± SE) of the F2 generation of Plodia interpunctella 

populations reared under early and late oviposition modes 

Oviposition 

line 

Female Male 

Body length Wing length Body length 

Body length 

without 

genitalia 

Wing length 

Early 12.96 ± 0.19aB 13.93 ± 0.19aB 13.30 ± 0.19a 11.88 ± 0.16aA 12.76 ± 0.16aA 

Late 13.70 ± 0.23bB 14.15 ± 0.25aB 13.83 ± 0.22a 12.45 ± 0.18bA 13.32 ± 0.25aA 
Values with the same small letter in the column are at the same level of significance for the confidence interval 95%. 

Values with the same capital letter in the same row (for body length and wing length, separately) are at the same level 
of significance for the confidence interval 95%. 

 

Body size in both male and female insects often influences reproductive 

traits, though its impact can vary with oviposition timing. Results show that 

larger females produce more eggs and start ovipositing earlier (Tammaru et al., 

1996). In parasitoid wasps, smaller body size may promote early reproduction 

but reduce late-life fecundity, indicating a trade-off (Thorne et al., 2006). The 

relationship between body size, sex, and oviposition timing is complex and 

shaped by ecological and life-history factors (Thorne et al., 2006). 
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Table 7. Viability of the F2 generation of Plodia interpunctella 

populations reared under early and late oviposition modes 

Oviposition line Viability Variation 

Early 43.17 ± 7.78a 1-24 

Late 46.94 ± 6.25a 1-32 
Values with the same letter in the column are at the same level of significance for the confidence interval 95%. 

 

Results of the viability of P. interpunctella E and L line populations, 

expressed as the percentage of eggs successfully developing into adults, are 

presented in Table 7. The viability was similar between E line (43.17% ± 7.78) 

and L line (46.94% ± 6.25), with no significant difference (t = –0.38, p = 

0.705), indicating that oviposition timing does not affect P. interpunctella 

viability in F2 generation. Huang and Subramanyam (2003) showed a 22% drop 

in viability per day of delayed female mating, while our results found no 

significant difference in viability between early and late reproduction. 
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Abstract: The management of livestock has become increasingly complex in 

recent years, with growing demands for traceability, transparency, and 

efficiency in the supply chain. As a result, the use of blockchain technology has 

been proposed as a means to address these challenges in cattle production. This 

study aimed to conduct a comprehensive review of existing literature and case 

studies to evaluate the potential benefits and limitations of blockchain-based 

livestock management in the cattle industry. The review was conducted through 

a systematic analysis of the current state of research and practical applications 

of blockchain technology in livestock management. Our findings indicate that 

blockchain has the potential to significantly enhance the efficiency and accuracy 

of cattle tracking and record keeping, thereby improving supply chain 

management, animal welfare, food safety, and traceability. However, the 

implementation of blockchain technology in the cattle industry also faces 

certain challenges, such as the need for widespread adoption, technical 

difficulties, and the development of appropriate regulatory frameworks. In 

conclusion, our review highlights the potential of blockchain technology to 

transform the cattle industry by improving the efficiency and accuracy of 

livestock management. However, further research is necessary to fully 

understand the challenges and opportunities associated with the implementation 

of blockchain technology in cattle production and to develop strategies for 

promoting its widespread adoption.  

 

Key words: blockchain, livestock management, efficiency, accuracy, supply 

chain management. 
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Introduction  
 

The demand for meat and dairy products has been increasing globally, 

leading to the optimization of livestock production systems. This increase in 

demand has highlighted the need for efficient and accurate methods of 

managing and tracking information exchange in the livestock industry. In recent 

years, blockchain technology has emerged as a promising tool for improving 

various industries, including the livestock sector. This study aims to examine 

the potential of blockchain technology in improving the efficiency and accuracy 

of livestock management.  

Blockchain is a decentralized and secure ledger technology that records 

transactions across a network of computers. Its unique features, such as 

immutability and cryptographic security, make it an attractive solution for 

managing and tracking information exchange in the livestock industry. The 

application of blockchain in livestock management has the potential to provide 

numerous benefits, including improved accuracy and efficiency of information 

exchange, increased transparency and traceability in the supply chain, and 

reduced risk of fraudulent or incorrect data.  

Despite its potential benefits, the implementation of blockchain in livestock 

management also faces several challenges, such as privacy and data protection, 

scalability, and cost of implementation. These challenges must be considered 

and addressed in order for blockchain to be successfully adopted and 

implemented in the livestock industry. 

The significance of this study lies in its contribution to the development of a 

deeper understanding of the potential of blockchain technology in livestock 

management. By examining the potential benefits and challenges of blockchain 

in this industry, this study provides insights into the feasibility and limitations 

of blockchain in livestock management. The results of this study will inform 

future research and development in this area and support the development of 

effective strategies for the implementation of blockchain technology in the 

livestock industry.  

 

Literature Review  
 

Blockchain technology has the potential to revolutionize a number of 

industries, including livestock production. By offering a secure and 

decentralized platform for recording and tracking information, blockchain 

technology has the potential to improve the efficiency and accuracy of the 

livestock supply chain. The following section will provide a comprehensive 

review of the literature on the potential benefits of blockchain technology in 

livestock management, the current state of research and development in this 
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area, and the challenges and limitations that must be overcome in order to fully 

realize the potential of blockchain in livestock production.  

 

A. Potential Benefits of Blockchain Technology in Livestock Management  

In recent years, the implementation of blockchain technology in the 

agriculture sector has garnered significant attention from researchers and 

practitioners alike. The potential benefits of blockchain technology for 

enhancing the traceability, transparency, and efficiency of agricultural supply 

chains have been widely discussed. In this literature review, we examine five 

studies that specifically focus on the implementation of blockchain technology 

in the livestock industry.  

The study by Da Silva et al. (2023) explored the adoption of blockchain 

technology for enhancing the traceability of livestock-based products. The 

authors found that blockchain technology could provide a secure and efficient 

method for tracking the movement of livestock-based products throughout the 

supply chain, thereby improving transparency and accountability. By 

implementing blockchain technology, the authors argue that the livestock 

industry could increase consumer confidence in the safety and quality of its 

products.  

Sarker and Singh (2025) investigated the use of blockchain smart contracts 

for supply chain finance in the beef industry in Australia and China. The authors 

found that blockchain technology could provide a secure and efficient way for 

suppliers and buyers to manage financial transactions in the supply chain, 

thereby reducing the risk of fraud and ensuring the accuracy of financial 

records.  

Thakur et al. (2025) presented a case study of a traceability platform based 

on green blockchain technology in the dairy supply chain. The authors found 

that the implementation of blockchain technology could improve the efficiency 

of supply chain management and provide a more secure and transparent method 

for tracking the movement of dairy products. By using blockchain technology, 

the authors suggest that the dairy industry could increase consumer confidence 

in the safety and quality of its products and reduce the risk of food fraud. 

Yang et al. (2025) proposed the use of blockchain and IoT technologies for 

creating an intelligent communication ecosystem for the welfare of cattle 

animals in the dairy industry. The authors found that the implementation of 

these technologies could improve the monitoring and management of cattle 

health and welfare in the dairy industry, thereby increasing the overall 

sustainability of the industry.  

Finally, Chen et al. (2021) studied the impact of blockchain-based 

traceability on demand for US beef in China. The authors found that the 

implementation of blockchain technology in the beef industry could increase 
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consumer confidence in the safety and quality of beef products, as well as 

improve transparency in the supply chain. By using blockchain technology, the 

authors suggest that the beef industry could build stronger relationships with its 

customers and increase its competitiveness in the global market.  

 

B. Current State of Research and Development in the Implementation of 

Blockchain in the Livestock Industry  

There is still a need for further research and development in this area. 

Currently, there are only a limited number of case studies and real-world 

applications of blockchain in the livestock industry, and much of the research 

has been focused on the theoretical benefits of blockchain rather than its 

practical applications.  

 

C. Challenges and Limitations of Blockchain in Livestock Management  

While there are many potential benefits to using blockchain technology in 

livestock management, there are also several challenges and limitations that 

must be overcome in order to fully realize its potential. Some of the key 

challenges include privacy and data protection, scalability, and the cost of 

implementation.  

Privacy and data protection is a major concern when it comes to the 

implementation of blockchain technology in livestock management. The 

decentralized nature of blockchain systems means that all participants in the 

network have access to the information being recorded and tracked. This can 

lead to privacy concerns, particularly when it comes to sensitive information 

related to the health and welfare of the animals.  

Another challenge of blockchain technology in livestock management is 

scalability. With an increasing demand for meat and dairy products, it is 

essential that the livestock industry is able to scale its operations to meet this 

demand. Blockchain technology must be able to accommodate this growth in 

order to be effective in the livestock industry.  

Finally, the cost of implementation is also a major challenge for the 

implementation of blockchain technology in livestock management. This 

includes the cost of hardware, software, and personnel needed to set up and 

maintain a blockchain-based system, as well as the costs associated with 

training and education for the stakeholders involved.  

In conclusion, blockchain technology has the potential to revolutionize the 

livestock industry by improving the accuracy of information exchange and 

decision-making processes and increasing the efficiency of supply chain 

management. However, there are still many challenges and limitations that must 

be overcome in order to fully realize its potential, including privacy and data 

protection, scalability, and the cost of implementation. Further research and 
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development is needed in this area in order to overcome these challenges and 

fully harness the power of blockchain technology in livestock management.  

 

Discussion and Future Research Recommendations  
 

The implementation of blockchain technology in the livestock industry has 

the potential to bring about significant improvements in traceability, efficiency, 

and accuracy. The studies reviewed in this paper provide evidence that 

blockchain technology can be used to enhance the traceability of livestock-

based products, as well as to improve supply chain financing through the use of 

smart contracts.  

However, it is important to acknowledge that the implementation of 

blockchain technology in the livestock industry is still in its early stages, and 

more research is needed to fully understand its potential benefits and 

limitations. There are also several challenges that need to be addressed in order 

to realize the full potential of blockchain technology in the livestock industry.  

One of the main challenges is ensuring compatibility between different 

blockchain systems. In order for blockchain technology to be widely adopted in 

the livestock industry, there must be a standardized and interoperable 

blockchain system that can be used across different countries and regions.  

Another challenge is the need for technical and financial investment in 

blockchain technology. This investment is necessary in order to overcome 

technical barriers to adoption, such as the need for specialized software and 

hardware, as well as the need for adequate cybersecurity measures.  

In light of these challenges, future research should focus on developing 

standardized and interoperable blockchain systems, as well as on exploring the 

potential benefits and limitations of blockchain technology in the livestock 

industry. Additionally, research should examine the role that government and 

industry stakeholders can play in promoting the adoption of blockchain 

technology in the livestock industry, as well as the potential benefits and 

limitations of this technology for different actors within the supply chain.  

 

Conclusion  

 

In conclusion, the implementation of blockchain technology in the livestock 

industry has the potential to bring about significant improvements in 

traceability, efficiency, and accuracy. However, more research is needed to fully 

understand its potential benefits and limitations, and to address the challenges 

that need to be overcome in order to realize its full potential.  
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Abstract: Initial and final fruit set of seven plum cultivars (Čačanska Rodna, 

Stanley, Čačanska Lepotica, Hanita, President, Empress, and Valjevka) were 

studied in a plum orchard at the Experimental Farm of the Faculty of Agriculture, 

located in Bijeljina, during one growing season (2024). The initial fruit set in 

open pollination was in the interval from 24.7% (Hanita) to 67.7% (Stanley), 

while the final fruit set in open pollination was in interval from 5.0% (President) 

to 22.0% (Stanley). The percentage of initially and finally set fruits under the 

agroecological conditions of Bijeljina was directly influenced by the cultivar as 

well as the meteorological conditions during the flowering and pollination period. 

 

Key words: plum, cultivar, initial fruit set, final fruit set. 

 

 

Introduction  
 

Plum is the most important fruit species in Bosnia and Herzegovina. 

Average production of plums in the world in the period 2021–2023. was 12.3 

million tons (FAOSTAT, 2025). Plum breeding has been developed in 

continuity at the Fruit Research Institute in Čačak since its establishment in 

1946. The result of this programme are 15 released cultivars (Glišić et al., 

2015). The main breeding objectives are high fruit quality, self-fertility, regular 
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and high yield and resistance or tolerance to Sharka (Plum Pox Virus). An 

important trait of many Prunus species that contributes to higher and consistent 

yields is the ability to set fruit following self-pollination. 

European plum cultivars (Prunus domestica L.) can be classified into three 

groups based on their pollination characteristics: self-incompatible, partially 

self-fertile, and self-fertile (Nikolić and Milatović, 2010). The same authors 

emphasize that the presence of self-fertile cultivars is a significant factor in the 

successful cultivation of plums. According to Hegedus and Halasz (2006), half 

of the known European plum cultivars belong to the self-fertile group. Mišić 

(2006) points out that if the main cultivar in the orchard is partially self-fertile 

or self-incompatible, in order to ensure regular and economically satisfactory 

yields, it is necessary to plant at least one, preferably two, suitable pollinators. 

Szabó et al. (2003) state that pollinator cultivars must be compatible with the 

main cultivar and should belong to the same or adjacent flowering group, 

meaning that their flowering should overlap by at least 70%. Glišić et al. (2012) 

highlight that a reliable indicator of a pollinator‘s suitability is the number of 

finally set fruits, since initially set fruits may include defective and degenerated 

ones. 

Various biological and ecological factors affect the percentage of initial and 

final fruit set in open pollination in plum. The percentages of initial and final 

fruit set in open pollination can serve as indicators of yield, the degree of self-

fertilization, the quality of fertilization, and the suitability of the cultivar as a 

pollinator. 

Unfavorable weather conditions during plum flowering can result in reduced 

fruit set and consequently lower yields. Under such circumstances, self-fertile 

plum cultivars exhibit better fruit set, leading to higher and more consistent 

yields (Wertheim and Schmidt, 2005). The number of fruits set is influenced by 

air temperature, relative humidity, pollinator activity, flowering duration, and 

the compatibility between the pollinator and the main cultivar (Koskela et al., 

2010). According to Postweiler et al. (1985), fruit set depends on pollination, 

pollen tube growth, and pollen viability. The increasing frequency of extreme 

temperatures, as a characteristic of global climate change, negatively affects 

fertilization success and thus reduces fruit set (Tubiello et al., 2007). Nikolić 

and Milatović (2010) note that variations in weather conditions lead to differing 

values of final fruit set. Milatović (2019) states that, during profuse flowering in 

European plums, 20%–30% fruit set is required to achieve high yields. 

According to the same author, when flowering is less abundant and the cultivar 

produces smaller fruits, a higher percentage of fruit set is needed to obtain high 

yields. Mišić (2006) considers that a fruit set of 10%–20% can be regarded as a 

good yield in plums. Fruit set is considered one of the most important indicators 

of fruit tree productivity (Glišić et al., 2012; Nikolić et al., 2012). 
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The aim of the study was to examine the initial and final fruit set in open 

pollination of seven plum cultivars under the agro-ecological conditions of 

Bijeljina. Based on the obtained results of the study on the influence of cultivar 

on the aforementioned traits, the investigated plum cultivars will be classified 

according to their level of fruit set. 

 

Material and methods  

 

The research was conducted in 2024, in a plum orchard at the Experimental 

Farm of the Faculty of Agriculture, located in Bijeljina, Bosnia and 

Herzegovina, which was established in the autumn of 2013. The rootstock for 

all the studied cultivars (Čačanska Rodna, Stanley, Čačanska Lepotica, Hanita, 

President, Empress, and Valjevka) was the seedling rootstock (Myrobalan). The 

percentage of initial and final fruit set were analyzed. Fruit set was determined 

based on open pollination on six selected branches (two repetitions with three 

branches each) from each cultivar. The counting of initial fruit set was done 

three to four weeks after pollination, and final fruit set at the beginning of the 

fruit ripening phenophase. The fruit set expressed as a percentage was 

calculated by the ratio of the number of set fruits to the number of flowers. The 

obtained results for certain cultivars were used for classification based on the 

level of fruit set, as proposed by Neumüller (2011). 

The obtained data for the percentage of initial and final fruit set were 

statistically processed using Fisher's model of analysis of variance (ANOVA) 

for a one-factor experiment, applying the F-test (Fisher, 1953) for R ≤ 0.05 

(using the statistical package IBM SPSS Statistics 20 (SPSS Inc, Chicago, IL, 

USA)). Differences in the means of the observed traits were determined using 

Duncan's multiple range test for a significance level of P ≤ 0.05.  

 

Results and discussion 

 

Analyzing the data on fruit set under open pollination presented in Chart 1, 

we can state that there are variations in initial and final fruit set among the 

studied plum cultivars. 

The differences in the initial and final fruit set between cultivars were 

statisticaly significant (Chart 1). The highest initial fruit set was obtained in 

cultivar Stanley (67.7%), then cultivars Čačanska Lepotica (53.0%), Empress 

(52.7%), Čačanska Rodna (40.7%), President (35.7%), Valjevka (26.7%), while 

the lowest percentage of initially set fruits was recorded in the cultivar Hanita 

(24.7%). There were no statistically significant differences in the percentage of 

initial fruit set between the Stanley, Čačanska Lepotica, Empress, Čačanska 

Rodna and President cultivars. Additionally, no statistically significant 
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differences were observed among the Čačanska Rodna, Čačanska Lepotica, 

Hanita, President, Empress and Valjevka cultivars in terms of initial fruit set. 
 

 
Figure 1. Fruit set of plum cultivars in 2024. 

Different letters for individual factors indicate significant differences for R≤0.05 using Duncan's test of 

multiple intervals 

 

The percentage of final fruit set for the studied plum cultivars followed this 

trend: Stanley (22.0%) > Empress (19.3%) > Čačanska Rodna (10.7%) > 

Valjevka (10.3%)%) > Čačanska Lepotica (6.0%) > Hanita (5.7%) > President 

(5.0%). However, what can be concluded from the results of the final fruit set is 

that this percentage was significantly low. There were no statistically significant 

differences in the percentage of final fruit set between the Stanley, Empress, 

Čačanska Rodna and Valjevka cultivars. Also, no statistically significant 

differences were observed among the Empress, Čačanska Rodna, Valjevka, 

Čačanska lepotica, Hanita and President cultivars in terms of final fruit set. 

The percentage of fruit set depends mostly on self-compatibility of cultivars. 

‗Čačanska Lepotica‘ was classified as a self-compatible cultivar (Nikolić and 

Milatović, 2010). One of the reasons for the lower fruit set in the cultivar 

Čačanska Lepotica in agro-ecological conditions of Bijeljina is the influence of 

meteorological conditions during the flowering and fruit set period. Based on 

the level of fruit set, a classification of cultivars proposed by Neumüller (2011) 

can be applied: low (below 10%), medium (10%–20%), high (20%–40%), and 

very high (above 40%). Taking into account the classification proposed by 

Neumüller (2011), and based on the number of finally set fruits, the studied 

cultivars can be categorized as follows: low fruit set (President, Hanita, and 

Čačanska Lepotica); medium fruit set (Empress, Čačanska Rodna, and 

Valjevka); high fruit set (Stanley). The percentage of initially set fruits under 
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open pollination in the cultivar Čačanska Lepotica was 15.6%; under cross-

pollination with the cultivar Čačanska Najbolja, it reached 42.6%; while under 

self-pollination, it was 23.2% (ĐorĎević et al., 2008). In a study by Hjeltnes and 

Nornes (2007), the percentage of initially set fruits across 14 different cross-

pollination combinations ranged from 5.4% to 66.7%. In European plum, initial 

fruit set ranged from 35.7 to 69.9%, while the final fruit set under open 

pollination ranged from 17.7 to 49.7% (Milatović et al., 2021). The results 

regarding both final and initial fruit set percentages in the cultivars Čačanska 

Lepotica and Hanita were somewhat lower compared to the findings reported by 

Radović (2021) and Miletić (2024).  

According to Majid et al. (2022) a significant variation was observed in 

percentage of initial fruit set among the plum cultivars under study. The same 

group of authors states that the highest initial fruit set and final fruit set was 

recorded in cultivar Stanley (61.28%, respectively 30.78%) 

The variation in final fruit set among cultivars is the result of genotypic 

characteristics influenced by environmental factors, primarily air temperature. 

One of the possible reasons for the lower fruit set observed in the study year is 

the air temperature during the flowering phenophase. Specifically, the 

occurrence of higher temperatures earlier in 2024, which triggered flowering, 

created stressful conditions for the flowers, resulting in reduced fruit set. 

Additionally, another factor that may have contributed to the significantly lower 

percentage of both initial and final fruit set in the year of the study is the 

elevated air temperature during the period of flower bud differentiation. 

 

Conclusions 

 

The percentage of initially set fruits in plum cultivars under the 

agroecological conditions of Bijeljina ranged from 24.7% (Hanita) to 67.7% 

(Stanley), while the percentage of finally set fruits ranged from 5% (President) 

to 22% (Stanley). However, meteorological conditions during the flowering 

period resulted in poor fruit set. The different behavior of cultivars in terms of 

final fruit set is a consequence of genotypic characteristics influenced by 

ecological factors, primarily air temperature. One of the possible reasons for the 

poor fruit set in the studied year is the air temperatures during the flowering 

phenophase. Specifically, the somewhat earlier occurrence of high temperatures 

in 2024, which led to flowering, created stressful conditions for the flowers, 

resulting in poor fruit set. Additionally, another reason that could have led to a 

significantly lower percentage of initial and final fruit set in the studied year is 

precisely the higher air temperatures during the period of flower bud 

differentiation. 
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Abstract: Traditional sheep farming in North Macedonia remains central to 

rural livelihoods and agro-pastoral heritage. This study analyzes milk and cheese 

production on the semi-intensive family farm ―FB‖ in the Pelagonian region 

during 2024. The flock comprised 150 sheep, including 100 lactating ewes -

crossbreeds of Pramenka with Chios and Awassi - managed under seasonal 

feeding regimes combining pasture grazing with supplementation. Milk samples 

collected in April, June, and October were analyzed for composition and hygienic 

quality. ANOVA with Tukey‘s post-hoc test revealed significant seasonal 

variation in fat and protein content (p < 0.01), with fat peaking in June and protein 

in April. Somatic cell count (SCC) and total bacterial count (TBC) increased 

significantly in October (p < 0.001), reflecting the effects of indoor housing and 

late lactation. While SCC remained within national limits, TBC exceeded 

regulatory thresholds in April and October, indicating hygiene challenges. Milk 

yield and cheese output were strongly influenced by feeding strategy, with peak 

production during concentrate feeding (April–May: 140 L milk/day; 35 kg 

cheese/day). Lucerne feeding (June–July) resulted in the most efficient milk-to-

cheese conversion. These findings demonstrate the productivity and resilience of 

traditional sheep farming and underscore the importance of targeted feeding, 

hygiene practices, and local knowledge in optimizing dairy output under semi-

intensive conditions. 

 

Key words: sheep, milk, traditional, individual farm, Pelagonia. 
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Introduction  
 

Sheep farming has a long-standing tradition in North Macedonia and 

remains a key agricultural activity undergoing gradual modernization. 

Traditional herding plays a vital role, particularly in regions with limited 

grazing resources and rugged terrain, where sheep significantly contribute to 

rural livelihoods by providing meat, milk, wool, leather, and fur—thus 

enhancing food security and meeting material needs (Barać et al., 2008). 

In the Balkans, traditional sheep farming is deeply embedded in rural 

communities, sustaining family-based agriculture and preserving indigenous 

breeds such as the Pramenka, which are well adapted to local climatic and 

geographic conditions (Eftimova et al., 2012; Santa, 2017; Pacinovski, 2019). 

Beyond its economic value, this practice holds cultural significance, helping to 

maintain rural identity and regional biodiversity. 

Historically, sheep farming in Mediterranean-type environments has been 

associated with the transformation of forest lands into pastures- a pastoral 

system that promotes both livestock production and ecological conservation 

(Peana et al., 2007; Barać et al., 2008). In the Macedonian context, this system 

supports biodiversity and represents a core component of cultural heritage 

(Pacinovski, 2019). 

In recent years, consumer interest in traditional sheep dairy products has 

grown, driven by a preference for artisanal and natural foods. These cheeses, 

produced from raw sheep milk without starter cultures, using natural rennet and 

manual techniques, are distinguished by their unique sensory characteristics and 

cultural value (Barukčić and Kalit, 2019). Macedonian studies emphasize the 

role of traditional sheep cheese in preserving local gastronomic heritage and 

supporting the sustainability of small-scale farms (Srbinovska, 2019; Mateva, 

2020). 

 

Material and methods  

 

The study was conducted in 2024 on the individual family-owned ―FB― 

farm, located in the Pelagonia region of the Republic of North Macedonia. 

Operating under a semi-intensive management system, the farm maintains a 

flock of approximately 150 sheep, of which 100 are lactating ewes. The flock 

consists mainly of improved dairy breeds, including Chios and Awassi, which 

have increasingly replaced the traditional Pramenka sheep due to their higher 

milk production potential. 

Milking is carried out manually twice daily under hygienic conditions, 

following good milking practices. The farmer keeps consistent production 

records, allowing for the calculation of both individual and total flock milk 
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yields. Housing conditions vary seasonally: sheep are kept in open or closed 

pens depending on the weather. Feeding practices are adapted to the season-

winter and spring diets include silage, hay, alfalfa, and concentrate, while 

during summer and early autumn, the sheep graze on natural pastures during the 

day and are penned at night. 

To assess milk quality and seasonal variation, 33 milk samples were 

collected during three key lactation periods: April, June, and October 2024.  

Milk samples were analyzed at an accredited regional veterinary laboratory 

for both physicochemical and hygienic parameters. Compositional analyses 

included fat, protein, lactose, solids-not-fat (SNF), and freezing point. Hygienic 

quality was evaluated through somatic cell count (SCC), determined by fluoro-

optoelectronic methods, and total bacterial count (TBC), assessed using the 

standard plate count technique. 

Statistical analysis was conducted using analysis of variance (ANOVA), 

followed by Tukey‘s post-hoc test to identify significant differences between 

sampling periods. 

 

Results and discussion 

 

Milk composition parameters from the “FB“ farm are summarized in Table 

1. Significant seasonal variations were observed in fat and protein content (p < 

0.01), reflecting the influence of feeding regimes and lactation stage. In 

contrast, lactose and solids-not-fat (SNF) content remained relatively stable 

throughout the sampling periods (p > 0.05). 

 
Table 1. Chemical composition of sheep milk from the “FB“ farm (mean ± SD; n = 

11 per sampling month). 

Parameter 
April (mean ± 

SD) 

June (mean ± 

SD) 

October (mean ± 

SD) 

p-

value 

Fat (%) 5.85 ± 0.59 7.65 ± 0.77 6.67 ± 0.67 <0.01 

Protein (%) 6.70 ± 0.67 5.55 ± 0.56 5.10 ± 0.51 <0.01 

Lactose (%) 4.37 ± 0.44 4.35 ± 0.44 4.65 ± 0.47 0.41 

Solids-not-fat (%) 11.07 ± 1.11 9.90 ± 0.99 9.75 ± 0.98 0.08 

 

Fat content peaked in June (7.65%), coinciding with mid-lactation and fresh 

pasture grazing. This increase is consistent with enhanced dietary intake of 

digestible fibber and unsaturated fatty acids during this period (Park et al., 

2007). Protein levels were highest in April (6.70%), likely due to the early 

lactation phase when casein fractions are typically elevated (Haenlein, 2004). 

Lactose content showed no significant fluctuation across the seasons, 

supporting previous findings that lactose concentration is osmotically regulated 
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and relatively unaffected by dietary changes (Raynal-Ljutovac et al., 2005). A 

slight decline in SNF values toward October may reflect a dilution effect 

associated with late-lactation milk or the transition from pasture to mixed 

rations. 

These findings align with prior studies by Pacinovski et al. (2019) and 

Nudda et al. (2002), who also observed marked seasonal dynamics in sheep 

milk composition in Mediterranean production systems. However, other authors 

such as Celik and Yilmaz (2016) reported limited seasonal variation in protein 

content, likely due to differences in breed type, climate, or management 

systems. 
 

Table 2 Hygienic indicators of sheep milk from ―FB― farm  (mean ± SD; n = 11 per 

sampling month). 

Parameter 
April (mean ± 

SD) 

June (mean ± 

SD) 

October (mean ± 

SD) 

p-

value 

SCC (×10³ 

cells/mL) 
30 ± 9 42 ± 10 242 ± 55 <0.001 

TBC (×10³ 

CFU/mL) 
1950 ± 320 130 ± 25 2050 ± 370 <0.001 

 

Table 2 demonstrates significant seasonal variation in the hygienic quality of 

milk from the ―FB― farm, with both somatic cell count (SCC) and total bacterial 

count (TBC) peaking in October (p < 0.001). SCC increased markedly from 

30 × 10³ cells/mL in April to 242 × 10³ cells/mL in October, likely indicating 

udder stress or subclinical mastitis associated with late lactation and indoor 

housing. These results are consistent with findings by Bergonier and Berthelot 

(2003), who observed elevated SCC under extended lactation and less favorable 

hygienic conditions. 

TBC followed a similar seasonal trend, with the lowest levels recorded in 

June-during full-day pasture grazing- and the highest values in April and 

October, coinciding with transitional feeding and housing. The October peak 

(2050 × 10³ CFU/mL) suggests increased microbial contamination, potentially 

due to manual milking, moist bedding, and enclosed environments. This aligns 

with the reports of Contreras et al. (2007) and Gonzalo et al. (2005), which 

emphasize the hygiene risks associated with housing periods. 

According to the national Rulebook on Raw Milk Quality (Official Gazette 

of R.N.M. No. 26/2012), acceptable limits for sheep milk are 

≤ 500 × 10³ cells/mL for SCC and ≤ 1500 × 10³ CFU/mL for TBC (Official 

Gazette No. 16/2019). While SCC remained within permissible limits 

throughout the year, TBC exceeded the threshold in April and October, 

indicating a need for stricter hygiene protocols during the housed season. The 

study conducted in the Pelagonia region identifies the factors influencing sheep 
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milk quality and compliance with hygienic and sanitary standards in primary 

production. Improving raw milk quality is a shared objective of producers and 

processors, aimed at enhancing economic viability and market competitiveness 

of dairy products (Dimitrovska et al., 2019). 

 
Table 3. Seasonal feeding regimes, daily milk yield, and cheese production on ―FB― farm 

Feeding 

Type 
Months 

Avg. 

Morning 

Milking 

(mL) 

Avg. 

Evening 

Milking 

(mL) 

Total 

Milk 

(L/day) 

Cheese 

Yield 

(kg/day) 

Cheese 

Yield 

(kg/61 

days) 

Milk-

to-

Cheese 

Ratio 

(L/kg) 

Concentrate 
April–

May 
700–900 500–700 140 35 2,135 4.00 

Lucerne 
June–

July 
600 400 100 28 1,708 3.57 

Silage 
Aug–

Sept 
800 — 80 22 1,342 

 

Note: Total number of milking ewes, n=100. 

 

Table 4. Daily Total Milk Yield, Cheese Production, and Milk-to-Cheese 

Conversion Ratio (Mean ± SD) 

Parameter Mean ± SD Min – Max 

Total Milk (L/day) 106.7 ± 30.5 80 – 140 

Cheese Yield (kg/day) 28.3 ± 6.5 22 – 35 

Milk-to-Cheese Ratio (L/kg) 3.74 ± 0.22 3.57 – 4.00 

 

Tables 3 and 4 summarize the seasonal feeding regimes and their impact on 

milk and cheese production at the ―FB‖ farm in 2024. The highest daily milk 

yield (140 L) and cheese output (35 kg) were observed during the concentrate 

feeding period (April-May), followed by moderate production during the 

lucerne period (100 L; 28 kg), and the lowest during the silage period (80 L; 

22 kg). Notably, the most efficient milk-to-cheese conversion ratio occurred 

during lucerne feeding (3.57 L/kg), compared to 4.00 L/kg under concentrate 

feeding. 

Table 4 presents overall descriptive statistics, indicating a mean daily milk 

yield of 106.7 ± 30.5 L, cheese yield of 28.3 ± 6.5 kg, and an average conversion 

ratio of 3.74 ± 0.22 L/kg. These variations align with findings by Zervas and 

Tsiplakou (2011) and Sitzia et al. (2015) who reported seasonal effects of 

feeding strategies on dairy sheep performance in Mediterranean systems. 

The improved conversion efficiency during lucerne feeding likely reflects 

favourable changes in milk composition - particularly higher fat and protein 

content - which are critical factors influencing cheese yield (Park et al., 2007). 
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Conclusion 

 

This study demonstrates significant seasonal effects on milk composition, 

hygienic quality, and production in a semi-intensive dairy sheep farm in 

Pelagonia. Variations in fat and protein content corresponded to lactation stage 

and diet, reflecting physiological and nutritional factors. Elevated somatic cell 

and bacterial counts in autumn highlight increased udder stress and hygiene 

challenges during indoor housing, underscoring the need for improved 

management to comply with regulatory standards. Feeding regimes strongly 

influenced milk yield and cheese production, with concentrate feeding 

maximizing output and lucerne feeding improving milk-to-cheese conversion 

efficiency due to enhanced milk composition. These results emphasize the 

importance of seasonally tailored feeding and hygiene practices to optimize 

milk quality, ensure food safety, and increase dairy product yield in Balkan 

sheep farming systems.  
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Abstract: Barley (Hordeum vulgare L.) is one of the most important small 

grain crops in Europe. The stored seed of barley are demaged by storage insect 

pests which reduce the amount of seeds. The rice weevil is pest which 

infestation seeds and cause qualitative and quantitative losses seeds. In this 

research six genotypes of barley are tested in  the olfactometric test and in a 

‖no-choice‖ test. In olfactometric test in each arm was placed one genotype of 

barley and in central part placed 20 individuals of the rice weevil. Number of 

individuals was recorded after 1h,2h, 24h. The ―‖no-choice‖ test carried out in 

petri dishes in three repeat. In each repeat was places 30g of barley and 20 

individuals of the rice weevil, while numbers of individuals was recorded after 

1 month, 2 month, 3 month and 4 month.  Results indicate in the olfactometric 

test that the highnest tolerance was on genotypes NS Alas and NS Lala. In the 

‖no-choice‖ test the highnest tolerance was on genotypes NS Izdan. Also the 

lowest cosumed food was on genotype NS Izdan with 4,22%. 

 

Key words: Sitophilus oryzae L, barley genotypes, susceptibility, tolerance  

 

 

Introduction  
 

Barley (Hordeum vulgare L.) is a second small-grain crop grown in Europe 

in terms of quantity. In Serbia, the average yield of barley over the past 10 years 

was 3.4 t/ha, which is lower than the yield in majority of  countries in the region 

(Daničić et al., 2019). In addition, this cereal crop ranks fourth in the world in 

terms of economic importance after wheat, rice, and maize (Zali et al., 2023). 

Cereals, including barley, are a main primary products for differnt industries. 

Recently, post-harvest period has become the most sensisitve period in barley 
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prodction in terms of pest management, especially due to presence of differnt 

stored product pests that cause great qualitative and quantitative losses. This is 

why  it is important to protect the seeds during storage and preserve  both 

quality and quantity (Terfa et al., 2021). 

The rice weevil, Sitophilus oryzae, is a polyphagous primary pest of stored 

cereals and cereal products, with growing economic importance worldwide 

(Ačanski et al., 2023). Adults and larvae cause quantitative  (grains weight loss) 

and qualitative (nutirional value, vitality and purity)) loss leading to a 

significant drop in the commercial value of the food (Rajarushi et al., 2024). 

The rice weevil infestation of stored seeds causes elevated temperature and 

humidity of seeds, thereby creating favorable conditions which promotes the 

growth of secondary pests and creates ideal conditions for pathogens (Akbar et 

al., 2024). 

 

Material and methods  

 

The experiment was carried out using seeds of six barley varieties: NS Izdan, 

NS Alas, NS Lala, Novosadska 525, NS Talos (obtained from the Institute of Field 

and Vegetable Crops, National Institute of the Republic of Serbia Novi Sad) and 

AUR-2R-2 (foreign variety).  

Laboratory insect population of the rice weevil was reared and maintained 

under controlled conditions, in a climate chamber (at 27 ±1°C and 65% humidity), 

on wheat seeds (variety Pobeda), in the Laboratory for Plant Stress at the Institute 

for Field and Vegetable Crops. The seeds were not treated with insecticides after 

the harvest or before setting up the experiment. 

 

The olfactometric test 

The olfactometric test was conducted in a 6-armolfactometer (Photo 1). In each 

arm of the olfactometer, 10 grams of seeds of each genotype were placed. Twenty 

rice weevil individuals were introduced into the central chamber of the 

olfactometer, and after 1, 2 and 24 hours, the number of individuals in each arm 

was recorded.  

 

”No-choice” test 

The experiment was carried out in petri dishes, on  30g of barley seeds , for 

all six genotypes. Twenty adult rice weevils were placed on seeds, in each petri 

dishes, and the entire experiment was carried out in three replicates, under the 

same conditions as for growing the parental insect population. Progeny 

production was recoreded by counting the number of  weevils in each petri dish 

after one, two, three, and four months. After the fourth month, the amount of 

consumed barley seeds in each petri dish was measured. 
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Results and discussion 

 

The results indicate (Figure 1) that the highest tolerance after first month 

was on genotype NS Talos, with 0 individuals, while on the seeds of genotype 

AUR-2R-2 progeny production was with 24 individuals after one month. After 

second month, again, on genotype AUT-2R-2 the highest progeny production 

was recoreded, while on in genotypes  NS Izdan  there was the highnest 

tolerance in the rice weevil production with 8 individuals. The highest tolerance 

after third month, was on genotype NS Izdan (average 30 individuals). After the 

last reading (fourth month) the highest tolerance was in genotypes NS Izdan 

(average 49 individuals)  and AUT-2R-2 (average 66 individuals), while the 

highnest progeny production remained on Novosadski 525, NS Talos, NS Lala, 

NS Alas. 
 

 
Figure 1. Progeny production for four month for S. oryzae 

 

The results of olfactometric test (Figure 2) indicate that after the first 

reading, one hour, the highnest tolerance was on genotype NS Lala with 0 

individuals. After two hours, again on genotype NS Lala there wasn‘t 

individuals (the highnest tolerance), while in genotypes NS Izdan and AUR-2R-

2 was 4 individuals, on genotypes NS Alas and NS Talos was three individuals 

and on genotype Novosadski 525 was two individuals. The greatest change in 

the number of individuals occurred after 24 hours, genotypes NS Alas (0 

individuals) and NS Lala (1 individuals) was the greatest tolerance. 
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Figure 2. Number of individuals S. oryzae in some genotypes of barley 

 

The largest amount of consumed food (Figure 3)  was recorded for  genotyp 

NS Talos (average 57,89%) and AUR-2R-2 (average 56,78%) while the lowest 

amount of consumed food was on genotype NS Izdan with average 4,22% .  

 

 
Figure 3. Amount of consumed food 

 

In study (Siwale et al., 2009) found that the high mortality rate in some 

varieties may be the result of physical characteristics, such as grain hardness, or 

biochemical components that are toxic to insects and cause adult mortality. 
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According to Neethirajan et al. (2007) in one study infestation of barley by 

the rice weevil revealed a decrease in fat and moisture contents while was 

increase in content fibre, protein and ash.  
 

Conclusion 

 

The obtained results showed that: 

- in ―no-choice test― after fourth month the highnest progeny production was 

in genotype Novosadski 525 with average 166 individuals, 

- in olfactometric tets genotype NS Izdan having the highest number of 

individuals, 

- the genotype NS Lala was only 1 individual after 24 hours in olfactometric 

test, 

- the largest amount of feed consumed was in genotypes NS Talos and AUR-

2R-2 while the lowest amount of feed eaten was in genotype NS Izdan. 
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Abstract: Preharvest application of potassium silicate(K2SiO3) based product 

Silikvell and chitosan-based product Provite Defense improved the shelf-life of 

blueberries. Aplication of both products demonstrated mesurable improvment   

in reducing fruit weight loss during cold storage and at room temperature, 

enhancing fruit firmnes, and decreasing the percentage of berries with Botrytis 

fruit rot.  
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Introduction  
 

Blueberries (Vaccinium spp.) belong to the group of soft fruit, for which fruit 

texture is a critical factor in determining their economic success(Giongo et al., 

2013).  Improving shelf-life by maintaining fruit quality is the key factor for 

better marketing fresh blueberries and reducing storage losses. Postharvest 

treatments can reduce storage problems to some extent, but they primarily help 

maintain existing quality.Understanding and controlling different aspects of 

field production technology itself has essential role in prolonging blueberry 

shelf-life after harvest. These aspects include everything from soil management 

and cultivar selection to maturity stage and application of range of diferent 

products. Some of those products are based on plant defence elicitors, such as 

biopolimer chitosan and widly available form of silicon – potassium silicate.  

As Romanazzi et al. (2002) state, until recently, chitosan was used 

exclusively for post-harvest treatments and there were very few studies on its 

effectiveness during the growing season. Today, an increasing number of 

scientific papers investigate the effectiveness of this resistance activator, and its 

mode of action is well described. In contrast, potassium silicate (K2SiO3) is less 

described and studied. As Fauteux et al. (2005) stated, silicone is a bioactive 
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element in various biological systems, but its mode mode of action in plants 

remains a matter of speculation. A study conducted by Atress and Rashid 

(2016) demonstrated that preharvest foliar application of potassium silicate at a 

concentration of 4 ml/L effectively maintained quality attributes of sweet 

pepper for 21 days of storage at 8 °C and 95% RH. Other studies have also 

demonstrated the effectiveness of potassium silicate, including one by 

Abdelaziz et al. (2022), which showed that K₂SiO₃ was effective in maintaining 

the overall quality of stored grapes.  

This study aimed at analyze the effects of preharvest application of 

potassium silicate (K2SiO3) based product Silikvell and chitosan-based product 

Provite Defense on fruit weight loss during cold storage and room temperature, 

fruit firmnes, and the percentage of berries affected by Botrytis fruit rot. 

 

Material and methods  

 

The experiment was conducted in the bluebbery orchard in Bačka Topola 

(Serbia) during late june and july 2020. on three highbush blueberry varieties: 

SWEET JANE™, Huron and Liberty. Retamales and Hancock (2018) state that 

‗DrisBlueTen‘ marketed as SWEET JANE™ is early-season variety with 

medium-blue, large,very firm berries with medium sweetness and acidity. As 

Leposavić and Jevremović (2020) describe Huron is an early variety with large, 

firm fruits and a yield that varies depending on growing conditions and it is 

succeptable to Botrytis fruit rot. Liberty is very late variety with  large, light-

blue and firm fruits (Retamales and Hancock, 2018). On the other hand 

agronomists from the orchard have described that all tree varieties, under these 

production conditions, were prone to softening while the variety Draper was 

superior in terms of firmnes and shelf life. This aligns with description of 

Draper variety in literature. Retamales and Hancock (2018) state that Draper has  

large, light-blue and very firm fruits with excellent flavour, a tiny scar and a 

superior shelf-life. Draper has the potential to be mechanically harvested for the 

fresh market. Leposavić and Jevremović (2020) describe Draper as a variety 

with excellent transportability and storage capabilities.  

The blueberry orchard is completely protected by a system of anti-hail nets 

and equipped with drip irrigation system, which allows precise feeding with 

optimal amounts of fertilizers and minerals. The concept of integral plant 

protection (IPM) is applied ensuring high fruit quality. The application of the 

plant defence elicitors was carried out as an addition to the already intensive 

production technology. 

Preharvest application of potassium silicate (K2SiO3) based product 

Silikvell and chitosan based product Provite Defense was carried out in two 

treatment variants: first application and second aplication 7 days apart. 
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Tretamnts were applied with a backpack sprayer and T1 have been left out for 

control where bushes were sprayed with clean water, T2 has been sprayed once 

with 5ml/1l solution of Silikvell, T3 has been sprayed once with 3ml/1l solution 

of Provite Defense, T4 has been sprayed twice with 5ml/1l solution of Silikvell 

and T5 has been sprayed twice with 3ml/1l solution of Provite 

Defense.Application rates are determined according to the manufacturer's 

recommendations. Composition of products applied is : 

- Silikvell 17% of potassium silicate (K2SiO3) 

- Provite Defense 4% of chitosan (poly-D-glucosamine) 

The experiment on SWEET JANE™ (T1, T2, T3) was initiated on June 27. 

when 75% of the berries were ripe. The treatment was repeated on July 4. (T4, 

T5) when a significant number of overripe berries were observed on the plants. 

The experiment on Huron (T1, T2, T3) began on June 27. when 50% of the 

berries were ripe. The treatment was repeated on July 4. (T4, T5). Not long after 

the application of Silikvell and Provita defense (T4, T5) 2.5 mm of rain fell. No 

overripe berries were observed on the plants, which was the case with the Sweet 

Jane variety. The trial at Liberty (T1, T2, T3) began on 06.07. when 25% of the 

berries were ripe. The treatment was repeated on 13.07. (T4, T5).  

Harvesting was conducted 7 days after aplication in all variants 

(T1,T2,T3,T4, T5). Temperature and precipitation were measured daily during 

the experiment (Figure 1).  

 

 
Figure 1. Temperature and precipitation 

 

After harvesting we evaluated qualitative and quantitative losses of 

blueberries stored at refrigerator temperature (4 °C) and room temperature (22 

°C) for 7 and 14 days, respectively.  Weight loss and the percentage of berries 

with Botrytis fruit rot were mesured after 7 days and 14 days (while fruit 

firmnes has only been messured after 14 days. Fruit firmness was messured 
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only after storage since it is known that fruit firmnes at harvest does not always 

permit one to predict the firmness of fruit upon delivery to the consumer (Lobos 

et al., 2018). 

Fruit firmness was measured using a firmness meter – FruitFirm meter 

(Picture 1), weight loss was calculated from the initial weight of the fruit and it 

is expressed in percentage same as the percentage of berries with Botrytis fruit 

rot.  

 

 
Picture 1. FruitFirm metar 

 

Results and discussion 

 

The results of the experiment on SWEET JANE™ variety stored at  room 

temperature (22 °C) are shown in table 1. Results on same variety stored at 

refrigerator temperature (4 °C) are shown in table 2.  
 

Table 1. SWEET JANE™ blueberries stored at  room temperature (22 °C) 

 

Weight loss after 

storage in percents (%) 

Percentage of berries 

with Botrytis fruit rot 
Fruit firmnes 

7 days 14 days 7 days 14 days 14 days 

T1 (control) 6% 15,4% 0 19% 15,37 

T2 (Silikvell 1x) 6,2% 12% 0 2,6% 16,88 

T3 (Provite Defense 1x) 6,4% 12,1% 0 5% 15,75 

T4(Silikvell 2x) 5,9% 9,5% 0,3% 6,5% 19,13 

T5(Provite Defense 2x) 5,5% 8,7% 2,3% 6,3% 18,5 

 

At room temperature significantly greater weight loss and percentage of 

berries with Botrytis fruit rot in control part have been noted after 14 days 

compared with the berries from all the treatments. T4 had superior fruit 

firmness. On the other hand, T4  had a slightly higher percentage of berries with 
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Botrytis fruit rot (0,3%) compared to berries harvested earlier (T1-T3) which is 

still lower than the percentage on same day harvest from T5. 

The results of experiment on SWEET JANE™ variety stored at refrigerator 

temperature (4 °C) demonstrates that samples from T4, that have been sprayed 

twice with 5ml/1l solution of Silikvell (17% of potassium silicate), had superior 

results both in terms of fruit firmnes and weight loss reduction after storage. No 

berries with Botrytis fruit rot have been detected after 14 days of storage but this 

was same with T3 and T5, while T1 (control) and T2 (sprayed once with 5ml/1l 

solution of Silikvell) had 0,5% of berries with Botrytis fruit rot. 
 

Table 2. SWEET JANE™ blueberries stored at refrigerator temperature (4 °C) 

 Weight loss after storage 

in percents (%) 

Percentage of berries 

with Botrytis fruit rot 

Fruit 

firmnes 

7 days 14 days 7 days 14 days 14 days 

T1 (control) 3,5% 6,8% 0 0,5% 15,87 

T2 (Silikvell 1x) 3,7% 6,4% 0 0,5% 17 

T3 (Provite Defense 1x) 3,9% 6,9% 0 0 16 

T4 (Silikvell 2x) 3,2% 6,1% 0 0 20,13 

T5(Provite Defense 2x) 3,7% 6,5% 0 0 19,25 

 

The results of the experiment on Huron variety stored at  room temperature 

(22 °C) are shown in table 3.  

 
Table 3. Huron blueberries stored at room temperature (22 °C) 

 

Weight loss after 

storage in percents (%) 

Percentage of berries 

with Botrytis fruit rot 

Fruit 

firmnes 

7 days 14 days 7 days 14 days 14 days 

T1 (control) 8,4% 14,7% 6,1% 32,5% 16,62 

T2 (Silikvell 1x) 5,3% 11,3% 6,1% 27,3% 17,75 

T3 (Provite Defense 1x) 6,9% 13,1% 3,4% 17,0% 17,25 

T4(Silikvell 2x) 5,5% 10,7% 8,5% 23,5% 17,2 

T5(Provite Defense 2x) 5,5% 9,6% 8,3% 23,5% 18 

 

And results on same variety stored at refrigerator temperature (4 °C) are 

shown in table 4. As noted in material and methods not long after the 

application of Silikvell and Provite defense (T4,T5) 2.5 mm of rain fell which 

could affect results of T4 and T5. It is noted that the percentage of berries with 

Botrytis fruit rot after 7 days of storage at room temperature for both T4 and T5 

in this variety have been especially high (8,5% and 8,3% in contrast to 3,4% at 
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T3). In this variant the berries stored at room temperature (T5) had superior fruit 

firmness yet T3 had lowest percentage of berries with Botrytis fruit rot both 

after 7 and 14-days storage.  

The results of  the experiment on Huron variety stored at refrigerator 

temperature (4 °C) demonstrates that the samples from T5 that have been 

sprayed with 3ml/1l solution of Provite Defense (4% of chitosan) had superior 

results in terms of fruit firmnes, weight loss reduction and percentage of berries 

with Botrytis fruit rot. 
 

Table 4. Huron blueberries stored at refrigerator temperature (4 °C) 

 

Weight loss after 

storage in percents (%) 

Percentage of berries 

with Botrytis fruit rot 

Fruit 

firmnes 

7 days 14 days 7 days 14 days 14 days 

T1 (control) 5,2% 9,2% 1,0% 4,0% 16,75 

T2 (Silikvell 1x) 3,7% 7,4% 0 3,7% 18,75 

T3 (Provite Defense 1x) 3,4% 7,2% 0 4,3% 18,87 

T4(Silikvell 2x) 4,3% 6,6% 0 2,3% 17,5 

T5(Provite Defense 2x) 3,2% 6,6% 0 1,4% 20,5 

 

The results of the experiment on on Liberty variety stored at room 

temperature (22 °C) are shown in table 5. The results on same variety stored at 

refrigerator temperature (4 °C) are shown in table 6.  
 

Table 5. Liberty blueberries stored at room temperature (22 °C) 

 

Weight loss after 

storage in percents (%) 

Percentage of berries 

with Botrytis fruit rot 

Fruit 

firmnes 

7 days 14 days 7 days 14 days 14 days 

T1 (control) 6,9 % 11,6% 0 2,0% 17,75 

T2 (Silikvell 1x) 3,6% 10,0% 0 1,0% 17,75 

T3 (Provite Defense 1x) 4,8% 10,0% 0 0,0% 17,5 

T4(Silikvell 2x) 4,8% 7,4% 0 0,2% 20,62 

T5(Provite Defense 2x) 4,9% 8,0% 0 1,2% 20 

 

Positive effect of Silikvell aplication, especialy at T4 is noted. This variant 

had superrior firmnes, lowest percent od weight loss and one of the lowest 

percentage of berries with Botrytis froot rot. In terms of percentage of berries 

with Botrytis froot rot only T3 showed better efficiency.  
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Liberty variety stored at refrigerator temperature (4 °C) did not have any 

berries with Botrytis fruit rot in either variant after 7 days of storage and it only 

had 0,2% berries with Botrytis fruit rot in control after 14 days of storage.  

 
Table 6. Liberty blueberries stored at refrigerator temperature (4 °C) 

 

Weight loss after 

storage in percents (%) 

Percentage of berries 

with Botrytis fruit rot 

Fruit 

firmnes 

7 days 14 days 7 days 14 days 14 days 

T1 (control) 4,2% 9,0% 0 0,2 % 21,75 

T2 (Silikvell 1x) 2,6% 8,5% 0 0 23,25 

T3 (Provite Defense 1x) 2,5% 10,0% 0 0 23 

T4(Silikvell 2x) 4,0% 6,0% 0 0 23,12 

T5(Provite Defense 2x) 5,5% 7,0% 0 0 20,25 

 

Aplication of both products has indicated mesurable improvment on 

different parametars that affect shelf-life of fresh bluebery fruits. In terms of 

weight loss after storage best results after 7 days have been found in Liberty 

variety with only one application of Provite Defense (T3) weight loss were only 

2,5% in refrigerator, following with 3,2% on Huron variety after two 

applications of Provite Defense (T5). Highest weight loss (8,4%) after 7 days 

were in control part in the Huron variety stored at room temperature. After 14 

days of storage best results have been noted on Liberty variety where with only 

one application of Provite Defense (T3) weight loss were 6 % in refrigerator, 

following with 6,1% on SWEET JANE™  T4 that has been sprayed twice with 

5ml/1l solution of Silikvell.  Highest weight loss (15,4%) after 14 days was in 

the control part on SWEET JANE™  variety stored at room temperature.  

All treatments had positive effect on the percentage of berries with Botrytis 

fruit rot with exceptions in T4 and T5 on Huron variety after 7  days of storage 

at room temperature  On this plot not long after the second application of 

Silikvell and Provite defense (T4,T5) 2.5 mm of rain fell which could have 

affect the results. On Liberty variety all tretamants have reduced Botrytis fruit 

rot 40-100% after 14 days of storage at room temperature. On Huron variety all 

tretamants have reduced Botrytis fruit rot 16-52% after 14 days of storage at 

room temperature. On Sweet Jane variety all tretamants have Botrytis fruit rot 

15-87% after 14 days of storage at room temperature.   

All treatments had positive effect on the firmnes. Highest firmness (23,25) 

was mesured on Liberty variey with one aplication of Silikvell (T2), followed  

by T4 where same product has been applied twice also on Liberty (23,12) and 

T3 with only one application of Provite Defense also on Liberty (23). The 

lowest firmness has been mesured at control of  SWEET JANE™  variety 

(15,37) after storing fruits at room temperature, following with control of same 
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variaty stored at refrigirator temperature (15,87) and control of Huron both 

stored at room temperature (16,62) and refrigerator temperature (16,75) 
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Abstract: The results of a parasitological and histological study of cultivated 

land mollusks Helix aspersa (Müller, 1774) are presented. Тhe degree of risk of 

infection of humans and commercially significant animals species by various 

helminthiases, the need for veterinary measures to ensure the safety of 

heliciculture products was noted. The study did not reveal any infections, 

degenerative and pathological processes. The histological structure of the 

tissues indicates the normal physiological processes of gastropods. 
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Introduction  
 

Many terrestrial species of gastropods can pose a potential threat to human‗s 

health, agricultural and commercially significant animals. The vast majority of 

trematodes, as well as some nematodes, cestodes, and other parasites, use 

various mollusks as their intermediate, paratenic or definitive hosts during their 

development. Food-bearing, potentially food-bearing, and forage-bearing 

terrestrial gastropods are not exception. For example, helminthiasis pathogens 

are recorded in various gastropods, conditionally divided according to the 

degree of damage to humans into dangerous (leading to infection), potentially 

dangerous (causing pathologies and diseases in contact with an infective stage, 

but not directly through mollusks) and non-dangerous (no information about 

cases of infection), but harmful economic activity. Among other things, it is 

important to take into account the relativity of such a division, since the ongoing 
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microevolutionary processes under the influence of urbanization of natural foci 

or other anthropogenic environmental changes may increase the likelihood of 

new, previously unidentified hosts being involved in the life cycles of parasites 

(Beer and Voronin, 2007). 

The purpose of our work is to study the parasitological and 

pathomorphological parameters of Helix aspersa (Müller, 1774) grown at a 

heliciculture enterprise in Krasnokamsky district, Perm Krai (Russia), in order 

to establish the possibility of selling such mollusks for food or feed purposes. 

 

Material and methods 

 

Parasitological studies of gastropods (n=21) were carried out according to 

standard methods, traditionally used in the Russian Federation (according to 

current legislation in the field of veterinary medicine - MUK 3.2.3804-22). An 

external examination, autopsy of mollusks, light compressor microscopy and 

histological examination of organ and tissue samples from each selected 

specimen were performed. 

For histological examination, H. aspersa tissues were preliminarily fixed 

with a 4% neutral formalin solution, stained with hematoxylin-eosin and 

Periodic acid-Schiff (PAS), and examined using the Vision Assist automatic 

scanning system (West Medica, Austria) and Vision microscopy automation 

software (Medica Product, Russia). 

 

Results and discussion 

 

According to the currently available information, mollusks can serve as 

intermediate (or paratenic) hosts of many helminthiases, of which the following 

are of the greatest importance: 

1. Dangerous helminthiasis (causing human infection) – intestinal 

trematodosis of birds and mammals Brachylaima cribbi (Butcher and Grove, 

2001), it has in the life cycle Helix aspersa, Cernuella virgata and Theba pisana 

(Gaevskaya et al, 2015). Intestinal nematodosis of rodents, felines and primates 

Angiostrongylus costaricensis (Morera and Céspedes, 1971), as intermediate 

hosts using Achatina fulica and slug families Veronicellidae and Limacidae 

(Ohlweiler et al., 2010). Rodent pulmonary nematodosis (meningoencephalitis 

in humans) Angiostrongylus cantonensis (Chen, 1935), developing through 

Achatina fulica, Thelidomus asper (Ohlweiler et al., 2010; Lindo et al., 2002). 

2. Potentially dangerous diseases (infection of animals, especially 

ruminants, and humans through an paratenic host, ants of various genera) - two 

liver trematodoses Dicrocoelium lanceatum (Rudolphi, 1819) and D. hospes 

(Looss, 1907), moreover, the latter is recorded in humans in the form of «false 
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parasitism» phenomena. D. lanceatum prefers genera Succinea, Chondrula, 

Euomphalia, Fruticicola, Cochlicopa, Zebrina, Helix and Xerolenta; D. hospes 

– genus Limicolaria (Biryukov, 2011; Gaevskaya, 2015; Awharitoma et al., 

2003). 

Other pathogens that use terrestrial gastropods during their life cycles, 

according to various researchers, do not cause pathologies in humans, but they 

infest commercially valuable animals species. For example, trematodes 

Brachylaima fuscatum (Rudolphi, 1819) Joyeux, Baer and Timon-David, 1932) 

and  B. mesostoma (Rudolphhi, 1803), as well as cestode Davainea proglottina 

(Davaine, 1860; Blanchard, 1891) infects various bird species, including 

agricultural ones. Nematodes Parelaphostrongylus tenuis (Dougherty, 1945) 

and Muelleries capillaris (Mueller, 1889) – ruminants; nematodes Filaroides 

martis (Werner, 1872; Dougherty, 1943) and Crenosoma vulpis (Rudolphi, 

1819) causes disease in fur-bearing animals. 

During the economic breeding and cultivation of mollusks, farms are usually 

set up in a partially controlled environment – in a fenced area, but not 

completely isolated from external conditions, which leaves some possibility of 

contact of gastropods with invasive agents. In this regard, timely 

implementation of veterinary measures to ensure the safety of goods allowed for 

sale is of great importance. Parasitological research in the framework of 

veterinary-sanitary examination is an important element of food and feed safety 

control. 

The presented H. aspersa samples from heliciculture conditions in the 

Krasnokamsk region showed normal structure. An external examination did not 

reveal obvious deviations, there were no defects in the shells and bodies, as well 

as extraneous inclusions. No parasites were detected. 

According to the histological examination, pronounced pathological or 

degenerative processes it was not detected in the tissues of mollusks. The 

structural structure of the organs, legs, mantle, and head remained within the 

limits of the species norm. 

On the mollusk‘s leg slide (Figure 1) there are areas of fibrous tissue. 

Among the fibrous structures, large cells with rounded dark nuclei, uneven 

cytoplasm, often granular or optically empty, are identified. Glandular epithelial 

cells with a basal arrangement of nuclei and a high part of the supranuclear 

cytoplasm are visible on the surface of the sample. The tissues contain rounded 

cells with remnants of natural pigment. After PAS staining some cells showed 

the presence of mucin (Figure 2). 
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Figure 1. Leg‘s section Helix aspersa, Х200, H&E, a – cells of the glandular 

epithelium, b – cells with pigment, c – fibrous structures, d – cells with granular 

cytoplasm 

 

 
Figure 2. The mucin-producing cell with mucin grains (white arrow), Х1000, PAS 

 

Accumulations of glandular cells were recorded on the sections of the 

mollusk mantle (Figure 3).   
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Figure 3. A mantle Helix aspersa, Х200, H&E, a – gland cells, b - cells with granular 

cytoplasm 

 

In several sections of the digestive tract, plant fiber are determined (Figure 

4). The organs are lined with cylindrical epithelium located on the basement 

membrane and forming small papillae based on fibrous tissue. Large cells with 

rounded dark-colored nuclei are also identified among the fibrous structures. 

The cytoplasm of cells is expressed unevenly, often granular (Figure 5). The 

muscle structures are unchanged (Figure 6). 

 

 
Figure 4. Areas of the digestive tract Helix aspersa, Х100, H&E, star – plant fiber mass, 

а - organs of tubular structure, with cylindrical epithelium 
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Figure 5. A section of the digestive tract organ Helix aspersa, Х280, H&E, a - 

cylindrical epithelium, b – fibrous structures, c – large cells with granular cytoplasm, d 

– papillae from cylindrical epithelium 

 

 
Figure 6. A section of the digestive tract organ Helix aspersa, Х200, H&E, star – 

muscle tissue, a – papillae from cylindrical epithelium, b – fibrous structures 

 

Taking into account all the data obtained, the H. aspersa studied by us are 

safe from a parasitological point of view and can be used both for food and 

forage purposes. The histological structure of the organs and tissues of mollusks 

also did not show any abnormalities and indicates the norm of ongoing 

physiological processes in gastropods. 
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Сonclusion 

 

Currently, a number of helminthiasis pathogens are known in the world, one 

way or another related to terrestrial gastropods, some of which pose a direct 

threat to human‘s life and health and economic activity. The cultivation of 

mollusks in farms where preventive veterinary measures are carried out 

responsibly, as well as timely examination of products within the framework of 

veterinary-sanitary examination, avoids the occurrence of parasitic pathologies 

of humans and commercially significant animals. Thus, the studied mollusks 

can be used for both food and feed purposes. 
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Abstract: The study presents findings on the prevalence of hymenolepidosis 

in synanthropic and domestic rodents in the Perm region. It reveals that while the 

overall risk of human infection is low, instances of family outbreaks have 

occurred, particularly among migrant families. The research included 

parasitological and histological examinations of the rodents, during which notable 

histological changes were observed, including a case of intestinal lymphoma in a 

mouse linked to hymenolepidosis invasion. These findings underscore the 

necessity of monitoring rodent populations and implementing preventive 

measures to mitigate the transmission risks of hymenolepidosis to humans and to 

safeguard domestic animals' health.  

 

Key words: rodents, helminthiasis, histology, Hymenolepis nana. 

 

 

Introduction  
 

Hymenolepidoses are imaginary cestode infections in rodents and humans 

that affect the small intestine. The causative agents are representatives of 

several species within the genus Hymenolepis Weinland, 1858, among which 

the most frequently identified are the dwarf tapeworm, Hymenolepis nana 

Siebold, 1852, Blanchard, 1891, and the rat tapeworm, Hymenolepis diminuta 

Rudolphi, 1819. These helminths develop with the involvement of insects as 

intermediate hosts; H. nana can also form cysticercoids directly within the 

intestinal wall of the definitive host, thereby causing auto-infection. 

In the Perm region, this pathology is registered rather infrequently (State 

Report, 2022). However, one of the reasons for the current situation is the lack 
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of patients seeking medical assistance and the absence of timely diagnosis. 

Among domestic carnivores, accidental ingestion of eggs has been reported; our 

previous studies indicated that Hymenolepis eggs were found in 0.14% of cats 

and 0.53% of dogs in the city (Sivkova, 2020). 

Despite the fact that modern diagnostic methods effectively allow for the 

detection of intestinal invasions in both humans and domestic animals, we 

believe that the true picture of the prevalence of hymenolepidosis remains 

inadequately revealed, which served as the impetus for conducting our research. 

 

Material and methods  

 

The study of the prevalence of Hymenolepididae infections was conducted at 

the parasitological laboratory of the Faculty of Veterinary Medicine and 

Biotechnology of Perm State Agro-Technological University (PSATU). 

Research was carried out on both the carcasses of rodents and their feces 

collected within the city, as well as from animals belonging to private 

individuals. 

Affected organs of the animals were fixed in a 10% neutral formalin 

solution, and the standard procedure for preparing histological specimens was 

performed: dehydration through increasing concentrations of alcohol, 

embedding in paraffin, sectioning, and staining with hematoxylin and eosin. 

The specimens were examined under a Meiji microscope (Japan) at 

magnifications of ×40 and ×100, and images were captured using a Vision 

camera (Canada). 

 

Results and discussion 

 

During the clinical examination of domestic rodents owned by private 

individuals, no clinical signs of invasion were observed. However, the 

examination of fecal samples revealed that 23.08% of rats (6 out of 26) and 

50.0% of mice tested positive for eggs of the dwarf tapeworm Hymenolepis 

nana.  

Cadaverous dissection of synanthropic mice (n=47) did not reveal any 

infestation of Hymenolepis, although nematodes of Aspiculuris tetraptera were 

identified in 30.0% of the examined animals. Synanthropic gray rats (n=61) 

were found to be infected with Hymenolepis nana at a prevalence of 75.0%.  

Fecal analysis of guinea pigs (n=25) owned by private individuals 

consistently showed negative results. However, it is worth noting that according 

to the study by Zhuravel (2024), the carriage of hymenolepidosis in guinea pigs 

has been established. The prevalence of invasion based on fecal examinations of 
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small non-productive and decorative animals varied by species, with rates 

ranging from 20.0%.  

In the work of Belkina et al. (2024), it is shown that cases of hymenolepiasis 

among humans in the Western Ural region are extremely rare—significantly 

less common than in Central Asian countries, including Turkmenistan, 

Uzbekistan, Kazakhstan, and Kyrgyzstan. The incidence rate of hymenolepiasis 

in the Perm Krai varies from 0.001 to 0.03 cases per 100,000 inhabitants; 

therefore, the region cannot be considered endemic for this parasitic disease. 

Nevertheless, at the end of December 2023, a family case of hymenolepiasis 

was recorded in the city of Perm. Five children aged four to thirteen were 

hospitalized at the Perm Krai Clinical Infectious Disease Hospital with 

symptoms of abdominal discomfort and unstable stool. Notably, they had not 

previously sought medical attention, and there was no follow-up with a general 

practitioner. The first signs of the illness manifested in the eldest child, a 13-

year-old, with abdominal pain and diarrhea occurring up to three to four times a 

day, prompting the mother to visit a local therapist. Comprehensive diagnostics 

revealed the presence of Hymenolepis nana eggs in the stool analysis of the 

affected child. It was determined that this family, consisting of seven members, 

had arrived in the Perm Krai from Tajikistan in March 2023, previously living 

in conditions of poor sanitation and hygiene. They consumed raw water from a 

street tap, neglected hand hygiene, and the children had a habit of biting their 

nails and sucking their fingers. All children temporarily ceased attending 

educational institutions. Further examination of other family members 

confirmed the infection with dwarf tapeworm eggs in four additional minors. 

Notably, the eosinophil count in their blood remained normal, not exceeding 

seven percent. All patients received antihelminthic therapy with praziquantel 

according to their age. The discharged patients reported feeling well, with no 

symptoms noted. Recommendations regarding preventive measures were 

provided in accordance with existing health regulations. Therefore, it is 

important for healthcare professionals to remain vigilant and consider the 

potential for the spread of infectious diseases among migrants from regions with 

a high prevalence of certain infections to prevent the dissemination of these 

diseases in areas that have traditionally been free of them (Antsiferova and 

Belkina, 2024).  

During the histological examination of the intestinal tissues of infected mice, 

we observed, in one case, a massive focal infiltration of lymphoid cells in 

addition to the changes characteristic of helminthic infection. 
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Figure 1. Mouse intestines 

 

 
Figure 2. Mouse intestines with lymphoma 
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Сonclusion  

 

Our research demonstrates a widespread prevalence of the dwarf tapeworm 

Hymenolepis nana among ornamental and synanthropic rats and mice in the city 

of Perm, which medical professionals should take into consideration. 

Additionally, a case of intestinal lymphoma in a mouse was observed in the 

context of hymenolepidosis.  
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Abstract: This study investigates the morphofunctional characteristics of the 

ovarian follicular apparatus during normal and pathological estrous cycles in 

Suksun breed cows. The hormonal profiles of animals with varying reproductive 

statuses were analyzed. It was found that in the presence of follicular cysts, the 

levels of follicle-stimulating hormone and progesterone decreased, while 

luteinizing hormone levels increased significantly. Solitary cysts had an average 

diameter of 36.4 ± 0.12 mm and changed shape under localized pressure from the 

ultrasound probe. Multichambered cysts (2–3 compartments) had an average size 

of 51.6 ± 0.14 mm and maintained their shape under pressure. This pathology was 

associated with impaired follicular growth and atresia, leading to the formation of 

abnormal structures with pronounced destructive changes in ovarian tissue. 

Histologically, the cysts were characterized by thinning and destruction of the 

granulosa cell layer, reduction of the thecal tissue, and decreased vascularization, 

indicating the hormonal inactivity of mature cystic structures. A comprehensive 

evaluation of morphological and hormonal parameters in cows with follicular 

cysts contributes to a better understanding of the pathogenesis of this condition 

and provides a basis for improving the diagnosis and treatment of reproductive 

disorders in industrial livestock production. 

 

Keywords: cows, Suksun breed, follicle, follicular cyst, ultrasound 

examination. 
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Introduction  

 

Modern dairy farming faces a number of reproductive disorders that 

significantly affect production efficiency. Among the pathologies that hinder 

normal reproduction, ovarian dysfunction plays a major role. One such disorder 

is the formation of follicular cysts, which arise from impaired growth and 

regression of the dominant follicle. In such cases, ovulation does not occur, and 

the follicle continues to enlarge, eventually transforming into a cystic structure. 

This condition is accompanied by a hormonal imbalance, primarily affecting 

the hypothalamic-pituitary axis (Stepanov et al., 2023). It is important to note 

that follicular cysts have a polyetiological origin. In addition to hormonal 

dysfunction, several external factors play a significant role, including poorly 

balanced diets, macro- and micronutrient deficiencies, exposure to stress, 

inadequate housing conditions, and the high intensity of modern dairy 

production (Dyulger and Shipilov, 1990). All these factors contribute to chronic 

stress, which affects neuroendocrine regulation and leads to pathological 

changes in the estrous cycle (Semivolos et al., 2024). 

Cystic ovarian disorders in cows have been widely studied in both Russian 

and international scientific literature (Safonov et al., 2022). However, despite the 

abundance of publications, comprehensive studies combining ultrasound 

diagnostics, hormonal profiling, and histomorphological analysis remain scarce 

(Nezhdanov et al., 2015). Moreover, there is limited data on cystic ovarian 

pathology in Suksun breed cows — a local cattle population in the Perm region 

characterized by distinct regional and genetic traits (Baitlesov et al., 2008). 

Given that breed-specific and adaptive traits may influence reproductive 

function, this topic is particularly relevant for modern veterinary science 

(Nikulina et al., 2023). 

The aim of this study was to examine the morphofunctional characteristics of 

the ovarian follicular apparatus during normal and pathological estrous cycles in 

Suksun breed cows. 

 

Material and methods  

 

The study was conducted at the Department of Animal Biology and 

Hygiene, Perm State Agro-Technological University named after Academician 

D. N. Pryanishnikov. 

The experimental animals were Suksun breed cows with a body weight of 

500–550 kg and an average annual milk yield of 5,000 kg. The animals were 

kept under year-round tie-stall housing conditions. The cows were fed a diet 

consisting of roughage and concentrate components. The roughage included 

meadow hay and silage prepared from a mixture of grasses and legumes. The 
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concentrate feed consisted of ground oats, barley, and wheat. To provide 

additional readily available carbohydrates, beet molasses was also included in 

the diet. 

The control group consisted of cows with a physiologically normal estrous 

cycle (days 3–5 of the cycle) (n = 15). The experimental group included 

temporarily infertile cows diagnosed with ovarian follicular cysts (n = 15). The 

concentrations of follicle-stimulating hormone (FSH), luteinizing hormone 

(LH), progesterone, and estradiol-17β were determined using 

immunochemiluminescent analysis. 

To confirm the diagnosis, transrectal examination and ultrasound scanning 

were performed using an Acuvista VT880b device with a 7.5 MHz rectal linear 

transducer. Ovarian cysts were identified based on the criterion of a diameter 

greater than 18 mm in the absence of a corpus luteum. Morphometric 

parameters, localization, and morphological types of the detected structures 

were also recorded. 

Histological examination of the ovaries was performed according to a 

standard protocol. Stained histological sections were prepared and examined 

using a Meiji light microscope (Japan) at magnifications of 40×, 100×, and 

400×. Microscopic images were captured using a Vision digital camera 

(Canada). 

Statistical analysis was carried out using Microsoft Excel with standard data 

processing tools. 

 

Results and discussion 

 

Previously, we demonstrated that an imbalanced diet in Suksun breed cows 

contributed to alterations in their metabolic status, which undoubtedly affects 

reproductive function and productivity (Anzorov and Moryakina, 2018). 

During the examination of cows showing signs of temporary infertility, it was 

found that 40% of the animals had cystic formations on both ovaries, while the 

remaining cows had cysts on only one of the two ovaries. In 80% of the animals, 

solitary cysts were observed, whereas in 20% of the cows, multiple cystic 

structures were diagnosed, localized on the ovarian surface. 

Analysis of the animals‘ hormonal profile revealed that the average serum 

progesterone level in the control group was 1.01 ± 0.12 ng/mL. In cows with 

follicular cysts, the concentration of this hormone in the blood serum was 35% 

lower compared to the control group (Figure 1). 

A reduction in blood progesterone levels led to disrupted ovulation processes 

and the absence of corpus luteum formation. Several authors have reported that in 

cows with follicular cysts, progesterone levels do not exceed 1 ng/mL, whereas in 
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the case of luteal cysts, this indicator increases significantly (Ryaposova and 

Sokolova, 2011). 

The concentration of follicle-stimulating hormone (FSH) in the blood serum of 

animals with a normal estrous cycle averaged 5.4 ± 0.11 IU/mL. In cows with 

follicular pathology, FSH levels were on average 17% lower than those in the 

control group. 

 

Figure 1. Progesterone, FSH, and LH levels in cows of the control and experimental 

groups 

 

The concentration of luteinizing hormone deserves particular attention. In the 

group of healthy cows, the average LH level was 0.90 ± 0.01 mIU/mL, whereas in 

cows with follicular cysts, it was three times higher. 

It is well established that in cattle with a normal reproductive cycle, follicular 

growth in the ovaries is regulated by FSH. Under its influence, a dominant follicle 

develops and, upon reaching maturity, ovulates in response to a surge in 

luteinizing hormone levels. This process results in the rupture of the follicular wall 

and the release of the oocyte. 

In contrast, cows in the experimental group showed reduced LH levels, which 

were insufficient to trigger the ovulatory surge. This led to delayed ovulation and 

the persistence of a mature follicle, which gradually transformed into a follicular 

cyst. Such cysts fail to undergo luteinization, thereby disrupting the reproductive 

cycle and causing infertility. 

Since no peak concentrations of reproductive hormones were observed on days 

3–5 of the cycle in cows with a normal estrous pattern, the measurement of 

hypothalamic–pituitary hormones alone were insufficient for an accurate 
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diagnosis. Therefore, additional rectal and ultrasonographic examinations were 

performed. 

During transrectal examination, follicular cysts appeared as thin-walled, 

fluctuant structures protruding from the ovarian surface. 

Ultrasonographic examination using the Acuvista VT880b device confirmed 

the diagnosis of follicular cysts in all animals of the experimental group. Solitary 

cysts had an average diameter of 36.4 ± 0.12 mm and changed shape upon 

localized pressure with the ultrasound probe (Figure 2a). Multichamber cysts 

(comprising 2–3 compartments) had an average diameter of 51.6 ± 0.14 mm and 

retained their shape under pressure from the ultrasound probe (Figure 2b). 

 

a b 
Figure 2. a) Single follicular cyst, b) Follicular cyst with two chambers 

 

Histological examination of ovarian tissues from cows with a normal estrous 

cycle and from those with follicular pathology revealed pronounced morphological 

differences, indicating structural and functional disruption of the organ in the 

presence of cystic changes. 

In cows from the control group, the ovaries exhibited a structural organization 

characteristic of physiological status. In the cortical layer, follicles were present at 

all stages of development, from primordial to mature. Mature follicles were 

surrounded by a multilayered granulosa cell layer enclosing a fluid-filled antrum. 

The theca was clearly differentiated into an inner vascularized secretory layer and 

an outer fibrous layer (Figure 3a). Vascularization of the inner theca indicated 

active steroid hormone synthesis, which is consistent with data from other authors 

(Gal'chenko and Pereryadkina, 2023), who also emphasize the role of 

vascularization in the hormonal activity of developing follicles. 

In contrast, animals with follicular cysts exhibited significant disruption of 

normal morphoarchitecture. The cystic structures appeared as enlarged formations 

with a thinned fibrous wall. The granulosa layer was markedly reduced, and the 

cells showed signs of vacuolization and degeneration, indicating ongoing 
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degenerative processes. The cyst cavity was filled with fluid but showed no 

evidence of secretory activity. Vascularization in the thecal layer was poorly 

developed, and there were no signs of ovulation — the formation of a corpus 

luteum did not occur (Figure 3b). These findings indicate an interruption of the 

estrous cycle and confirm a disruption in the neuroendocrine regulation of 

reproductive function. 

 

a b 
Figure 3. a) Ovary of a cow with a normal sexual cycle. H&E, ×100; 

b) The ovary of a cow with a follicular cyst. H&E, ×40. 

 

In contrast to previously published data — particularly the observations of 

Ryaposova and Sokolova (2011), who described ovarian cysts as rounded 

structures with 2–4 chambers, measuring from 1.4 to 2.8 cm in diameter, and noted 

visualization of the ovarian capsule in cases of follicular cysts — our study 

focused on the initial stages of pathological development. We observed both 

solitary and multiple formations, which may expand the current understanding of 

the early morphological manifestations of this condition. 

The results obtained in our study are consistent with the findings of Dyulger 

(1990), who reported that in the early stages, cystic formations retain 

morphological similarities with preovulatory follicles. However, over time, due to 

granulosa cell degeneration and the fibrosis of the thecal layers, hormonal activity 

diminishes. The cysts lose their capacity to synthesize estrogens, becoming 

functionally inactive. 

Thus, histological examination provides a reliable means of distinguishing 

between physiological and pathological states of the ovaries. Structural changes 

observed in follicular cysts — including reduced vascularization, cellular 

degeneration, and absence of ovulation — confirm the severity and progressive 

nature of this pathology. 

An analysis of the hormonal profile revealed significant differences in cows 

with follicular cysts compared to animals with a normal estrous cycle. These 
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changes confirm dysfunction of the hypothalamic–pituitary–ovarian axis and 

indicate a disruption of the ovulatory mechanism. 

The study allowed us to identify characteristic morphofunctional and hormonal 

changes accompanying the development of follicular ovarian cysts in Suksun 

breed cows. This pathology was found to be associated with impaired follicular 

growth and atresia, resulting in the formation of abnormal structures with 

pronounced degenerative changes in ovarian tissue. Histologically, the cysts were 

characterized by thinning and degeneration of the granulosa cell layer, reduction of 

the thecal tissue, and decreased vascularization, all of which indicate the hormonal 

inactivity of mature cystic structures. 

Thus, a comprehensive assessment of morphological and hormonal parameters 

in cases of follicular cysts in cows expands our understanding of the pathogenesis 

of this condition and provides a basis for optimizing the diagnosis and treatment of 

reproductive disorders in livestock under industrial farming conditions. 
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Abstract: This paper presents the results of a two-year study on the 

spontaneous population of cherry plum (Prunus cerasifera Ehrh.) in the Nikšić 

area. Among the investigated genotypes, KL 3 emerged as the most interesting 

genotype due to its large, attractive fruits of high organoleptic quality, a high 

mesocarp yield and rich soluble solids content. In addition to KL 3, other 

genotypes such as KO 7, KR 6, KR 8 and KL 2 also demonstrated favorable 

fruit quality characteristics, making them suitable for various forms of 

processing. Identifying genotypes with seeds exhibiting good germination is the 

first step in selecting mother trees for seed production. In this regard, all 

genotypes with a germination rate above 70%—namely KR 3, KR 6, KR 8, KO 

2, KO 3, KL 1, KL 2 and KL 3—are considered promising. 

 

Key words: Cherry plum, Nikšić, pomological traits, seed germination, 

selection  

 

 

Introduction  
 

 Cherry plum (Prunus cerasifera Ehrh.) is one of the oldest and most widely 

distributed plum species. This wild-growing fruit species represents a rich 

source of genetic variability, primarily due to its allogamy and generative mode 

of reproduction (Čolić et al., 2001). The cherry plum population in the Nikšić 

area consists of numerous genotypes found along field edges, roadsides, rivers, 

meadows, as well as in parks and gardens. This significant germplasm resource 

provides a solid foundation for the selection and collection of genotypes 

suitable for various purposes, owing to their pronounced variability in 

morphological, physiological and pomological traits. 

Cherry plum fruits are rich in minerals and B-complex vitamins, which are 

beneficial for metabolism and have anti-inflammatory properties (Dunaevskaja 
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et al., 2021). They can be consumed fresh or processed into a variety of 

products (Boţović, 2021), while the seeds can be used in nursery production to 

obtain rootstocks for Prunus species (Čolić, 2001). 

The aim of this study was to investigate and select the most promising 

cherry plum genotypes from the natural population in the Nikšić region, which, 

owing to their favorable characteristics, could be used for fresh consumption or 

processing into diverse products. Additionally, the study aimed to identify 

genotypes with high seed germination potential, which could be used for the 

production of seedlings intended for grafting plum and related species. 

 

Material and methods  

 

The study of the wild cherry plum population was conducted in the Nikšić 

municipality during 2021 and 2022. This paper presents the results of 

pomological and physiological evaluations of 20 genotypes: 8 from the Krupac 

locality, 7 from Kočani, and 5 from Kličevo. 

For the pomological description, two international plum descriptors were 

used: IBPGR (1984) and UPOV (2002). Comprehensive fruit analysis—

including morphometric measurements, pomological description, organoleptic 

evaluation, and visual assessment—was carried out at full maturity on samples 

of 30 fruits per genotype. Fruit and stone weight (g) were measured using a 

Mettler 1200 analytical balance. Mesocarp yield was calculated as the 

percentage ratio of mesocarp weight to total fruit weight. Fruit attractiveness 

was subjectively assessed, while organoleptic traits were evaluated by five 

selected panelists. Soluble solids content was determined using a HÖGERT 

(Norway) handheld refractometer at a constant temperature of 20°C. 

For selecting genotypes suitable as generative rootstocks, seeds were 

collected at technological maturity, dried, and stored in paper bags under dry, 

airy conditions until sowing. Sowing was carried out in the field in the second 

decade of October, with 0.5 m between rows and 4 cm within rows. 

Germination was expressed as the percentage of emerged seedlings relative to 

the total seeds sown. 

Data were analyzed using Statistica 7 software, applying Analysis of 

variance and LSD were conducted to determine the significance of differences 

between genotypes at the p < 0.05 level. 

 

Results and discussion 

 

According to the results presented in Table 1, the fruits of the examined 

genotypes exhibited variability in fruit weight, ranging from 4.24 g (genotype 

KO 1) to 13.08 g (genotype KL 3). 
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Table 1: Fruit and stone descriptors of cherry plum genotypes (UPOV, IBPGR) 

Genotypes 

Descriptive characteristics 

Fruit 

weight 

(g) 

Stone 

weight (g) 

Mesocarp 

yield (%) 

Fruit 

shape 

Ground 

color of 

the fruit  

Overcolor 

of the fruit 

Color of 

flesh  

KR 1 8.55g* 0.54h 93.68 2 5 - 5 

KR 2 7.47kl 0.67ef 91.03 2 4 - 4 

KR 3 9.67e 0.80c 91.73 3 - 3 5 

KR 4 10.01e 0.91a 90.91 2 4 - 5 

KR 5 7.95ij 0.77d 90.31 3 4 - 4 

KR 6 8.93f 0.66f 92.61 2 4 3 6 

KR 7 8.01ij 0.67ef 91.64 3 4 - 5 

KR 8 10.59d 0.86b 91.88 1 4 - 5 

KO 1 4.24p 0.50i 88.21 1 4 - 4 

KO 2 5.46o 0.60g 89.01 2 2 - 4 

KO 3 5.93n 0.61g 89.54 2 2 - 4 

KO 4 6.39m 0.56h 91.24 3 3 1 6 

KO 5 9.73e 0.76d 92.19 3 4 - 5 

KO 6 7.73jk 0.69e 90.94 3 4 2 6 

KO 7 7.13l 0.69e 90.18 3 5 3 5 

KL 1 8.46gh 0.62g 92.67 3 4 - 5 

KL 2 12.40b 0.93a 92.50 3 5 - 4 

KL 3 13.08a 0.88b 95.26 3 - 7 4 

KL 4 8.18hi 0.69e 91.44 3 4 - 4 

KL 5 10.97c 0.78cd 92.89 3 3 - 5 

Fruit shape: 1- round 2- elliptic, 3- oblong 

Ground color of the fruit: 2- light green, 3- light yellow 4- yellow, 5- dark yellow 

Overcolor of the fruit: 1- pink, 2- red, 3- purplish-red, 7- purple 

Color of flesh: 4- yellow, 5- orange, 6- red 

*Values marked with the same letter are not significantly different according to the LSD 

test at P < 0.05. 

  

The large number of groups (16) formed by the LSD test indicates the 

presence of significant differences among the evaluated cherry plum genotypes 

in terms of fruit weight. Genotype KL 3, with the highest fruit weight, was 

classified in the first group; KL 2 in the second; KL 5 in the third; KR 8 in the 

fourth; KR 3, KR 4 and KO 5 in the fifth; and KR 6 in the sixth group. 

Statistically significant differences were observed between all of these groups. 

Genotype KR 1, placed in the seventh group, did not show statistically 

significant differences compared to genotype KL 1 from the eighth group. 

Genotype KO 1 was ranked in the final group, with the lowest average fruit 
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weight and was significantly different from all other genotypes. The remaining 

genotypes were distributed among the groups mentioned above. Similar results 

regarding cherry plum fruit weight were reported by Šurlan-Momirović et al. 

(1999), Paunović et al. (2011) and Cosmulescu et al. (2018). 

The average fresh stone weight during the years of investigation ranged from 

0.50 g to 0.93 g. In a study conducted by Boţović (2002), the recorded stone 

weights ranged from 0.42 g to 1.04 g. Similar findings were reported by 

Milutinović et al. (1997), who recorded values between 0.51 and 1.15 g, and by 

Pejkić et al. (1991), with values ranging from 0.18 to 0.76 g. A slightly broader 

range was reported by Cosmulescu et al. (2018), from 0.47 to 1.77 g. Boţović 

(2002) noted that stone weight is not always proportional to fruit weight, a 

finding that was confirmed by the present study. 

Mesocarp yield, defined as the ratio between the total fruit weight and the 

weight of its edible portion, is an important pomological trait for industrial 

processing. Therefore, genotypes with higher mesocarp yield are of particular 

interest. Among the studied genotypes, mesocarp yield ranged from 88.21% to 

95.26%, with genotype KL 3 exhibiting the highest yield and KO 1 the lowest. 

Similar results were reported by Čolić et al. (2001), Boţović (2002) and 

Cosmulescu et al. (2018). 

In terms of fruit shape, round forms were predominant, followed by 

elliptical, with elongated forms being the least represented. These findings are 

consistent with those reported by Miletić (1995) and Cosmulescu et al. (2018), 

while Boţović (2002) noted the presence of additional forms. 

The primary skin color was light green and pale yellow in 2 genotypes each, 

yellow in 11 genotypes and dark yellow in 3, while in 2 genotypes the primary 

color could not be determined. Secondary skin color was absent in 14 

genotypes; pink, red and dark blue were each observed in 1 genotype, while 

purplish red was recorded in 3 genotypes, with the secondary color potentially 

serving as the primary in 2 of them. Variability in fruit color was also reported 

by Mišić (1996), Milutinović et al. (1997) and Boţović (2002). 

 Mesocarp color ranged from yellow to red, with yellow and orange being 

the most dominant, which is consistent with the findings of Cosmulescu et al. 

(2018), while Boţović (2002) reported a broader spectrum of colors. 

The suitability of cherry plum fruits for fresh consumption as well as for 

processing into various products also depends on their organoleptic properties, 

particularly flavor, aroma and color stability. Attributes such as taste and aroma 

are considered unique within the plum germplasm.   

According to the results presented in Table 2, the majority of the evaluated 

genotypes produced fruits with pronounced flavor and pleasant aroma. 

Particular value was given to genotypes whose mesocarp does not darken after 

cutting, as browning complicates processing and requires additional investment 
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due to the oxidation of polyphenols catalyzed by polyphenol oxidase activity 

(Boţović, 2002). Genotypes KO 7, KL 3, KR 6, KL 2 and KR 8 were rated as 

high quality and suitable for processing into purees, juices, nectars, and other 

products. Further chemical analyses could determine which genotypes are most 

suitable for specific types of processing. 

The average soluble solids content (SSC) in the evaluated genotypes ranged 

from 10.75% in genotype KO 2 to 18.77% in genotype KO 7. Similar values 

were reported by Boţović (2002), Paunović et al. (2011), Milutinović et al. 

(1997) and Miletić et al. (2005), while lower values were presented by Čolić et 

al. (2001) and Georgijev et al. (1985), and a broader range by Pejkić et al. 

(1991) and Cosmulescu et al. (2018). Refractometrically measured soluble 

solids content varies depending on the genotype and environmental conditions. 

 
Table 2: Organoleptic traits and soluble solids content of cherry plum genotypes 

(IBPGR) 

Genotypes 
Organoleptic evaluation (1-5) 

Quality SSC (%) 
Taste Aroma Color Total rating 

KR 1 3.5 4 4 11.5 5 12.71g* 

KR 2 4 5 4 13 7 13.61ef 

KR 3 2.5 3 4 9.5 3 11.44h 

KR 4 3.5 3 4.5 11 5 13.93e 

KR 5 4.5 4.5 4.5 13.5 7 15.06cd 

KR 6 5 4.5 5 14.5 9 16.92b 

KR 7 3.5 3.5 4 11 5 17.07b 

KR 8 5 4.5 4.5 14 9 14.63d 

KO 1 3 3 2.5 8.5 3 11.46h 

KO 2 2 2.5 3 7.5 3 10.75i 

KO 3 3.5 3 3.5 10 5 13.32f 

KO 4 3.5 3.5 4 11 5 11.77h 

KO 5 4.5 3.5 4 12 7 15.22c 

KO 6 4 4 4 12 7 12.42g 

KO 7 5 5 5 15 9 18.77a 

KL 1 4.5 3.5 4 12 7 17.28b 

KL 2 5 4.5 5 14.5 9 16.84b 

KL 3 5 5 5 15 9 16.88b 

KL 4 4 4 3.5 11.5 5 13.77ef 

KL 5 3.5 4 4 11.5 5 12.54g 

Quality: 3- poor,  5- good, 7- very good, 9- excellent 

*Values marked with the same letter are not significantly different according to the 

LSD test at P < 0.05. 

 

A total of 13 evaluated genotypes exhibited a high soluble solids content, 

exceeding 13% as determined by refractometry. From a techno-economic 
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standpoint in industrial processing, it is most advantageous to use genotypes 

whose fruits contain higher levels of soluble solids. 

Figure 1 illustrates the average seed germination rate of the evaluated cherry 

plum genotypes, which in 2021 amounted to 65.83%. The lowest germination 

rate was recorded in genotype KR 1, at 36.67%, while the highest was observed 

in genotype KR 6, reaching 96.67%. In studies conducted by Šoškić (1971) and 

Boţović (2002), seed germination ranged from 28.62% to 94.66% and from 

36.67% to 92.67%, respectively. Similar results—though with slightly greater 

variation—were reported for cherry plum seed germination by Karnatz (1954) 

8.00–94.00%, Milutinović and Nikolić (1994) 4.00–95.00%, Paunović (1978) 

21.00–100.00% and Čolić et al. (2002) 15.00–95.00%. These authors concluded 

that cherry plum seed germination depends on the source material and varies 

among different genotypes—an observation confirmed by the results of this 

study. 

High seed germination rates above 70% were recorded in genotypes KR 3, 

KR 6, KR 8, KO 2, KO 3, KO 6, KL 1, KL 2 and KL 3.  
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Figure 1: Seed germination of cherry plum genotypes (%) 

 

The cherry plum population in the Nikšić region exhibits considerable 

genetic variability in terms of fruit size, skin color, mesocarp color, mesocarp 

yield and quality, stone size, soluble solids content and seed germination. This 

high level of diversity enables the selection of genotypes that, due to their 

favorable characteristics, can contribute to the improvement of economically 

important traits in currently cultivated plum varieties and rootstocks. The most 
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promising genotype is KL 3, characterized by large, high-quality fruits and high 

seed germination, making it suitable for fresh consumption, processing and 

nursery propagation. In addition to KL 3, genotypes KO 7, KR 6, KR 8 and KL 

2 also stood out for their fruit quality, representing valuable raw material for 

various forms of processing. 

Identifying cherry plum genotypes with good seed germination is a crucial 

first step in selecting mother trees for seed production. In this regard, all 

genotypes with germination rates above 70%—namely KR 3, KR 6, KR 8, KO 

2, KO 3, KL 1, KL 2 and KL 3—are of particular interest. 

The selection of these cherry plum genotypes has established a valuable pool 

of genetic polymorphism that can serve as a foundation for further breeding 

efforts aimed at developing new cultivars for cultivation, as well as for 

producing generative rootstocks for plums and other species within the Prunus 

genus. 
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Abstract: Natural meadows and pastures dominate the total agricultural area 

of Montenegro (about 94%). These areas are mostly located in the Northern 

region. Promoting sustainable animal husbandry systems is of great importance, 

therefore the aim of this study was to determine whether grasslands in the 

Northern region can be sustainably used for fattening beef breeds, which would 

bring a number of benefits to the Montenegrin society and economy. The results 

of the research showed that farming systems that are mostly based on the use of 

grasslands are sustainable, with or without feeding concentrates, while intensive 

farming systems, which are based on the dominant use of concentrates, are 

unsustainable. 

 

Key words: sustainable systems of livestock production, Northern region of 

Montenegro, beef cattle, grasslands. 

 

 

Introduction  
 

According to FAO data (2022), 96% of milk production and 22% of meat 

production in the world comes from cattle production. At the global level, beef 

is in third place in terms of volume of production, behind poultry and pork, 

while in Montenegro it is in first place, accounting for 40% of the total annual 

meat production (Šreder et al., 2010).  

Taking into account that meadows and pastures participate for about 94% in 

the structure of agricultural land (MONSTAT – Statistical yearbook, 2024) and 

their importance for livestock and overall agricultural production in 

Montenegro, there is a need for their preservation and sustainable use. 

In Montenegro, the largest percentage of farms engaged in cattle production 

are focused on milk production, while there is a very small number of farms that 

have organized cattle fattening. Fattening of beef breeds in the Northern region 
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could contribute to preserving the vitality of the villages, increasing the tourist 

offer, preserving and improving the production potential of agricultural land, 

preserving the tradition and beauty of the landscape, as well as preserving 

biodiversity (Marković et al., 2017). 

Peyraud et al. (2010) state that grazing-based ruminant farming is considered 

a low-cost and highly profitable economic activity for farms in North-western 

Europe.  

Van den Pol-van Dasselaar et al. (2018) point out that there is a broad 

interest in many European countries to promote farmers who practice grazing 

systems.  

Regan et al. (2018) found that bulls and steers achieved higher pre-slaughter 

weight, higher slaughter weight and better yield when, in addition to grazing, 

they were fed concentrates.  

Hessle et al. (2024) recommended that when rearing early-maturing breeds 

or crossbreeds with them can achieve good fattening results when using one 

grazing season with concentrates or by using two grazing seasons.  

Doyle et al. (2021) point out that very good fattening results can be achieved 

by grazing on more productive pastures. 

Peratoner et al. (2017), Buchgraber et al. (2011) and Gatterer et al. (2024) 

state that the steepness of the land, as well as the fragmentation of agricultural 

areas, limit the possibility of using mechanization, while climatic constraints, 

such as low temperatures due to increasing altitude, reduce the potential for 

forage yield on mountain grasslands. These constraints ultimately result in 

increased costs of animal feed production.  

Research on the results of pasture fattening has not been carried out at all, 

because there are only a few farms in Montenegro that are engaged in raising 

cattle on pasture. Therefore, the aim of this paper is to review sustainable beef 

fattening systems in the Northern region of Montenegro, based on the maximum 

use of available natural resources. In this way, an effort will be made to find out 

whether the fattening of beef breeds on grasslands can be organized with the use 

of coarse feed exclusively, or whether it is necessary to include, to a certain 

extent, concentrated nutrients (combined fattening). 

 

Material and methods  

 

The research on natural potentials, other resources and possibilities of the 

Northern region of Montenegro was carried out by conducting a survey. One 

survey questionnaire was created for agricultural producers in the Northern 

region of Montenegro, and the other for graduates of the Biotehnical Faculty 

(Animal Sciences). A total of 40 agricultural producers were surveyed (14 from 

Bijelo Polje, 13 from Pljevlja and 13 from the Durmitor area), and 30 graduates. 
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For most of the questions, answers were offered, so that respondents could 

circle one or more statements with which they agreed. For each question, the 

respondent was given the opportunity to express his or her opinion, taking into 

account that it might not be contained in the offered answers.  

The questions asked in the survey questionnaires were designed so that by 

analyzing the answers provided, the following aspects of beef production can be 

seen: available resources for the production of fodder; the main limitations for 

fattening beef breeds; the most sustainable fattening system; the selection of the 

most favorable breeds - cattle genotypes for breeding in the Northern region;  

types of support state and scientific and professional services for the successful 

production of beef.  

Statistical data processing was performed using Microsoft Office Excel 

Professional 2010.  

 

Results and discussion 

 

Opportunities and limitations for more efficient use of agricultural land 

In order to determine what opportunities exist for more efficient use of 

available agricultural land, farmers and students could circle one or more of the 

answers shown in Graph 1. 
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40,00%

60,00%

80,00%

Farmers Graduted students

Production of animal feed Production of grain for human consumption

Production of fruits and vegetables Use of pastures and meadows for grazing

Graph 1: Opportunities for more efficient use of available agricultural land 

 

Over 70% of respondents from both groups believe that land resources can 

be used for animal feed production, and that available land resources can be 

used more efficiently by using pastures and meadows for animal grazing. Less 

than half (46.7%) of graduates believe that land resources can be used for the 

production of fruit, vegetables or cereals for human consumption. On the other 
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hand, farmers give priority to the production of cereals for human consumption 

(42.5%) over the production of fruits and vegetables (30%). 

The results obtained are in accordance with the results obtained in their 

research by Peyraud et al. (2010), Van den Pol-van Dasselaar et al. (2018) and 

Marković et al. (2017). The aforementioned authors drew attention to the role of 

grasslands in preserving biodiversity, the environment and landscape, then in 

preserving the culture and traditions of a people, the role in protecting the health 

and well-being of animals, as well as the role of grasslands in food production.  

Regarding the limitations for more efficient use of available agricultural 

land, respondents were given the opportunity to circle one or more of the 

answers shown in Graph 2. 
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Arable lend is not located in the place of permanent residence
High price of land lease

Graph 2: Constraints for more efficient use of available agricultural land 
 

Farmers indicated the following as the two main obstacles to more efficient 

use of available agricultural land: small holdings with high fragmentation (50%) 

and insufficient support from the state (45%). Graduates also believe that these 

two factors are the main barriers to more efficient use of available agricultural 

land, especially fragmented holdings (90% of respondents).  

The results obtained are similar to those obtained by Peratoner et al. (2017), 

Buchgraber et al. (2011) and Gatterer et al. (2024). The authors highlighted the 

negative impact of unfavorable land topography and harsh climatic conditions 

on the utilization of the production potential of grasslands and animal nutrition. 

The opinion of the surveyed farmers and students that state support and 

subsidies are a barrier to more efficient use of agricultural land suggests that 

agricultural policy in Montenegro must provide a good framework for the 
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sustainable development of the rural economy, and at the same time it should be 

harmonized with the EU model or a policy such as the Common Agricultural 

Policy (Summary report on the implementation of direct payments, 2023). 

 

Perspectives for fattening beef breeds in the Northern region 

Of the 40 producers surveyed, 82.5% would engage in fattening beef breeds 

in the Northern region, because they believe that successful production can be 

developed. Of this percentage, 60.6% of respondents believe that in fattening 

beef breeds, financial expenditures for equipment and facilities are lower than in 

milk production, and 78.8% of respondents would decided to fattening beef 

breeds, because the volume of work is smaller compared to dairy cattle farming. 

Also, 45.5% of respondents have areas on which this type of production could 

be organized. 

 In order to organize this type of production at all, it is necessary to choose 

the type of fattening. Farmers and graduates could choose 1 of 4 systems, 

shown in graph 3. 
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Cow-calf system (calf fattening on pasture, using milk and grass and extended fattening in the stable after
fattening);
Combined fattening (use of pasture and feeding with concentrates);

Graph 3: Types of fattening 

 

The result of the survey was that over 50% of students believe that the cow-

calf system (fattening calves on pasture using milk and grass and selling them 

as pre-fattening) would be the best in the Northern region. On the other hand, 

although in a small percentage (only 2%), producers prefer combined fattening 

(use of pasture and feeding with concentrates) in relation to the cow-calf 

system. Only 2.6% of producers and 6.7% of students would opt for beef 

fattening in the barn. The opinion of farmers is in line with the results obtained 
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by Regan et al. (2018) and Hessle et al. (2024), while the opinion of students is 

in line with the results obtained by Doyle et al. (2021). 

The survey questionnaire asked producers and students about the best beef 

cattle breeds for breeding in the Northern region (graph 4).  
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Graph 4: Beef breed suggestion for fattening in Northern region 

 

Of the 40 farmers surveyed, 35 suggested a breed, with the Simmental in first 

place (48.6% of respondents). Aberdeen Angus in second (45,7%) and Hereford 

in third place (28,6%). On the other hand, graduates are of the opinion that the 

following breeds would be best suited for breeding in the Northern Region: 

Aberdeen Angus (80%), Simmental (53.3%) and Hereford (36.7%). Of the 30 

students surveyed, 13.3% are of the opinion that crosses with the Simmental 

breed would be best suited for breeding, and 6.7% crosses with Angus.  

 

Ideas for improving fattening beef breeds in Montenegro 

When asked: What needs to be done to improve the fattening beef cattle and 

meat production in the Northern region, respondents could circle one or more 

answers, shown in Graph 5.  

Of the 40 farmers surveyed, 70% believe that financial assistance from the 

state is needed for investments, while 57.5% believe that better road and utility 

infrastructure is needed. On the other hand, of the 30 students surveyed, 80% 

believe that better road and utility infrastructure is needed, and 73.3% that 

financial assistance from the state is needed for investments. Of the 30 students 

- 70% believe that association and conclusion of long-term contracts with 

processors are needed, as well as association of producers themselves, with the 

aim of joint promotion and sale of products. Farmers, in a significantly smaller 
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percentage than students (30%), believe that their mutual association is 

necessary. Like farmers, students also believe that youth animation for 

agriculture is necessary in order to improve this type of cattle production in the 

Northern region.  
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Chart 5: Ideas for improving fattening beef breeds in Montenegro 
 

Based on the obtained results, farming systems that are mostly based on the 

use of grasslands are sustainable, with or without feeding concentrates. In order 

to develop and maintain production systems based on the use of natural 

grasslands in the Northern region, it is necessary to: provide broad and 

significant investment support, provide regular vocational education and 

training for farmers; put food value chains in the focus of policy in order to 

eliminate their weak points; strengthen the promotion of the importance of 

agriculture, with the aim of better acceptance in society as a multifunctional 

sector. 

 

References  

 

Buchgraber K., Schaumberger A., Pötsch E.M. (2011): Grassland Farming in 

Austria - status quo and future prospective; Agricultural Research and 

Education Centre Raumberg-Gumpenstein, 8952 Irdning, Austria. 



 

 

Jelena Bjelica                                                         XIV Conference of Agronomy Students 

88 

Doyle P.R., McGee M., Moloney A.P., Kelly A.K., O‘Riordan E.G. (2021): Effect 

of Post-Grazing Sward Height, Sire Genotype and Indoor Finishing Diet on 

Steer intake, Growth and Production in Grass-Based Suckler Weanling-to-Beef 

systems; https://doi.org/10.3390/ani11092623 

Gatterer M., Leonhardt H., Salhofer K., Morawetz U. (2024): The legacy of 

partible inheritance on farmland fragmentation: Evidence from Austria. 

https://doi.org/10.1016/j.landusepol.2024.107110 

Hessle A., Dahlström F., Lans J., Karlsson A.H., Carlsson A. (2024): Beef 

production systems with dairy×beef heifers based on forage and semi-natural 

grasslands. Why grasslands? Proceedings of the 30th General Meeting of the 

European Grassland Federation Leeuwarden, the Netherlands, 9-13 June 2024; 

eISBN: 978-90-903-8494-8 / eEAN: 9789090384948. 

Marković M., Marković B., Dubljević R., Radonjić D., Đokić M., Mirecki S., 

Jovović Z., Mirecki N. (2017): Poljoprivreda planinskih područja – priručnik za 

proizvoĎače. Univerzitet Crne Gore – Biotehnički fakultet 

OECD-FAO – Agricultural Outlook 2022 

Peratoner G., De Ros G., Senoner J.L., Figl U., Florian C. (2017): Effect of 

slope and altitude on the costs of forage production in mountain areas. 

Grassland Science in Europe, 22: 215-217. 

Peyraud J.L., Van den Pol-van Dasselaar A., Dillon P., Delaby L. (2010): 

Producing milk from grazing to reconcile economic and environmental 

performances. Grassland Science in Europe 15: 865-879. 

Regan M., McGee M., Moloney A.P., Kelly A.K., O‘Riordan E.G. (2018): Grass-

based suckler steer weanling-to-beef production systems: Effect of breed and 

slaughter age. Sustainable meat and milk production from grasslands; ISBN: 

978-1-84170-643-6. 

Šreder E., Marković M., Armbruster T., Dţordan Š. (2010): Analiza sektora mesa 

za IPARD program. ADT Projekt GmbH, Adenauerallee 174, 53113 Bon, 

Njemačka, www.adtprojekt.de 

Statistički godišnjak zavoda za statistiku Crne Gore (2024) – MONSTAT 

Summary report on the implementation of direct payments [except greening], 

june 2023. 

Van den Pol-van Dasselaar A., Becker T., Botana Fernández A., Hennessy T., 

Peratoner G. (2018): Social and economic impacts of grass based ruminant 

production. Sustainable meat and milk production from grasslands; ISBN: 978-

1-84170-643-6. 



 

 

Isidora Đuriĉić                                                      XIV Conference of Agronomy Students 

89 

 

 

Nutritional and medicinal properties of spelt 

 (Triticum spelta) 
 

Student: Isidora Đuriĉić 

First year, Master studies 

Mentor: prof. dr Drena Gadţo 

University of Sarajevo, Faculty of Agriculture and Food Sciences, Department 

of Food Sciences, Zmaja od Bosne 8, Sarajevo, Bosnia and Herzegovina,  

e-mail: isidora.djuricic@ppf.unsa.ba 

 

Abstract: Spelt (Triticum spelta) is a cereal plant closely related to modern 

wheat varieties. This study aimed to determine the concentrations of phenols, 

flavonoids, chlorophyll, and antioxidant activity in a dried sample of young 

spelt grass. The grass was grown and dried under household conditions, ground, 

and analyzed in the laboratory. Total phenol content was 418.4 ±66.28 mg/g, 

flavonoid content was 4.56 ±0.72 mg/g, and antioxidant activity was 76.5 ±3.14 

mg/g, all expressed on a dry matter basis. Chlorophyll a and b contents were 

39.95 ±3.44 mg/100 g and 19.53 ±3.05 mg/100 g, respectively. The results 

indicate that young spelt shoots are a rich source of bioactive compounds, 

supporting their potential contribution to health-promoting properties.  

 

Key words: spelt, phenols, flavonoids, antioxidant activity, chlorophyll. 

 

 

Introduction  

 

Spelt (Triticum spelta) is an ancient grain belonging to the Poaceae family, 

increasingly recognized for its nutritional and medicinal properties. In recent 

years, young plant forms such as microgreens and sprouts have gained attention 

in both the food and pharmaceutical industries due to their high concentration of 

bioactive compounds. Among the most commonly consumed species in this 

form are cereals, including spelt. Spelt differs from modern wheat by its higher 

protein and lipid content, as well as a unique profile of phenolic compounds, 

fatty acids, and fibers. These differences make it a valuable subject for research 

into health-promoting components. Phenolic compounds, flavonoids, 

antioxidants, and chlorophyll are known for their beneficial biological activities, 

including anti-inflammatory, anticancer, and cardioprotective effects. 
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The aim of the research is to: 1. Examine scientific publications that investigate 

the content of bioactive components in spelt, and based on that, present its 

nutritional and medicinal properties; 2. Grow young spelt sprouts and, using 

appropriate methodology, determine the content of phenols, flavonoids, 

antioxidant activity, and chlorophyll content; 3. Based on the reviewed literature 

and practical work, draw appropriate conclusions regarding the correlation 

between medicinal properties and the content of bioactive components. 

 

Material and methods  

 

The spelt seeds of the Bc Vigor variety were obtained from organic 

cultivation, provided by the producer ―Bionatura Breza―.  The seeds were initially 

soaked in water for 24 hours at room temperature (22 ± 2°C), and then spread out 

on filter paper in a way that prevented them from touching each other, in order to 

best simulate laboratory conditions. Germination was noticeable within three days, 

and after a total of 15 days, the sprouts had reached a height of approximately 15 

cm. They were then carefully trimmed and arranged on filter paper to dry 

naturally. The resulting product was ground using a professional mill and used for 

further chemical analyses. 

 

Sample preparation 

For the determination of total phenol, flavonoid content, and antioxidant 

capacity, a sample of dried young spelt sprouts was used. A total of 1 g of 

ground young spelt sprouts was mixed with 100 mL of 70% ethanol preheated 

to 50°C to enhance extraction efficiency, then the mixture was subjected to 

reflux in a water bath at 50°C for 30 minutes, after which the solution was 

cooled and filtered through filter paper to remove solid particles. The obtained 

filtrate represents the extract used for further chemical analyses. To ensure 

statistical relevance of the results, three separate extracts were prepared using 

the same procedure. These extracts were used to determine the total phenol 

content, flavonoid content, and antioxidant capacity. 

 

Phenol concentration 

To determine the total phenol content in the sample, a spectrophotometric 

method was used. The procedure was carried out as follows: 1 mL of the extract 

was mixed with 2.5 mL of Folin-Ciocalteu reagent, prepared at a 1:10 dilution. 

The mixture was left to react at room temperature for 5 minutes. After that, 6.5 

mL of 20% Na₂CO₃ (sodium carbonate) was added. The mixture was then 

thermostated in a water bath at 50°C for 20 minutes to allow complete reaction 

of the phenols with the reagent. Following incubation, the mixture was cooled 

to room temperature. The absorbance of the sample was measured using a 
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spectrophotometer at a wavelength of 600 nm. A blank sample, consisting of 1 

mL of distilled water instead of the extract, was read first. Gallic acid was used 

as the standard for determining the total phenol content. The results were 

calculated based on a standard curve obtained using gallic acid. 

 

Flavonoid  concentration 

The total flavonoid content in the sample was determined using a 

spectrophotometric method following this procedure: 4 mL of distilled water 

was added to a 10 mL volumetric flask, followed by 1 mL of the extract. Then, 

300 µL of 5% NaNO₂ (sodium nitrite) was added. After 5 minutes, 300 µL of 

10% AlCl₃ (aluminum chloride) was added. Two minutes later, 2 mL of 1 M 

NaOH (sodium hydroxide) was added. The volumetric flasks were then filled to 

the mark with distilled water. The absorbance was measured using a 

spectrophotometer at a wavelength of 510 nm. Catechin was used as the 

standard solution for calibration and for determining the flavonoid 

concentration in the sample. 

 

Antioxidant activity 

The antioxidant activity of the sample was determined using the PFRAP 

method with a spectrophotometer. The procedure was performed as follows: 1 

mL of the sample extract was pipetted and mixed with 1 mL of K[Fe(CN)₆] 

(potassium ferricyanide) solution. The mixture was left to react for 5 minutes. 

After that, 1 mL of FeCl₃ (ferric chloride) was added, followed by 7 mL of 

distilled water. The absorbance intensity was measured using a 

spectrophotometer at a wavelength of 700 nm. A calibration curve was 

constructed from the measured absorbance values and the corresponding 

concentrations of gallic acid (GAE). The results are expressed in mg GAE per 

gram of dry weight. 

 

Chlorophyll  concentration 

To determine plant pigments, a separate extract was prepared by weighing 

0.5 g of the sample and mixing it with 80% acetone solution in a 10 mL 

volumetric flask. For statistical accuracy, four extracts were prepared. The 

sample was homogenized and then centrifuged at 600 rpm for 30 minutes. After 

centrifugation, 0.5 mL of the supernatant was taken and mixed with 4.5 mL of 

80% acetone. The absorbance of the samples was measured at three different 

wavelengths (470 nm, 646 nm, and 663 nm) using a spectrophotometer. After 

measuring the absorbance, the chlorophyll content is determined according to 

the equation:  

Ch–a = 12,25A663 – 2,79A646  

Ch–b = 21,5A646 – 5,1A663  
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where: 

Ch–a – chlorophyll a content, 

Ch–b – chlorophyll b content, 

 

Results and discussion 
 

Content of total phenols, flavonoids, and antioxidant activity 

The results obtained from the laboratory analyses clearly show that spelt 

sprouts of the Bc Vigor variety contain a high concentration of total phenols, 

which are positively correlated with antioxidant activity (Table 1). The lower 

concentration of flavonoids indicates that phenolic acids are more represented in 

the total phenols compared to flavonoids.  
 

Table 1. Total content of phenols, flavonoids, and antioxidant activity 

Sample 

Concentration of 

total phenols (mg 

GAE/g dry matter) 

Concentration of 

flavonoids (mg 

CE/g dry matter) 

Antioxidant 

activity (mg 

GAE/g dry matter) 

1 346,1 4,31 75,3 

2 432,7 4,00 80,1 

3 476,3 5,38 74,2 

Average 418,4 4,56 76,5 

Standard deviation ±66,28 ±0,72 ±3,14 

 

In their study on fresh spelt sprout samples, Jančić et al (2022) reported 

significantly lower concentrations of total phenols (61.5 ± 1.6 mg GAE/g in 

ethanol extract and 107.1 ± 1.6 mg GAE/g in aqueous extract), but higher 

concentrations of flavonoids (26.8 ± 1.1 mg/g in ethanol extract and 86.9 ± 1.3 

mg/g in aqueous extract). It can be concluded that the choice of solvent used in 

the extraction process plays a major role in the final results, as evidenced by the 

comparison of these two studies. The significant difference in results can be 

explained by the use of fresh samples in the study by Jančić et al (2022), 

whereas the present study used dried samples, which represent a more 

concentrated form of total polyphenols. Therefore, the results may be 

considered consistent with expectations. The notable difference in flavonoid 

concentration may indicate their degradation during drying and storage, as well 

as a generally higher presence of phenolic acids compared to flavonoids in the 

total polyphenol content of the analyzed sample. 

Zendehbad et al (2014) investigated the total phenol content in wheatgrass 

and found that total polyphenols constituted 44% of the sample, which is nearly 

identical to the result of this study (41%). In the aforementioned studies, spelt or 

wheat sprouts were used as samples, whereas Leoncini et al (2012) analyzed 

whole wheat grains. The total phenol concentration in the grain was 173.48 mg 
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GAE/100 g. This finding supports the claim that phenols and other bioactive 

compounds reach their highest concentration in the early stages of plant 

development, enabling the plant to survive. Supporting this is a study by 

Ţivković et al (2023), who investigated freshly germinated spelt seeds. Samples 

were taken at 12, 24, 36, 48, 72, and 96 hours after soaking in water. The 

concentration of total phenols ranged from 4.18 ± 0.18 mg TE/g DW in 

ungerminated seeds to 9.11 ± 0.96 mg TE/g DW after 96 hours. It was 

determined that germination increases the total content of phenolic compounds, 

both free and bound, in spelt grain. Antioxidant activity correlated with total 

phenol content, ranging from 1.70 ± 0.07 mg TE/g DW in ungerminated seeds 

to 3.27 ± 0.28 mg TE/g DW after 96 hours. 

A similar study was conducted by Saini et al (2017), comparing phenol, 

flavonoid concentrations, and antioxidant activity in young wheat shoots at 

different growth stages (6, 9, 12, and 15 days after germination). The total 

phenol concentrations were 64, 73, 110, and 132 mg GAE/g DW, while 

flavonoid content measured 23, 29, 43, and 64 mg QE/g DW, respectively. A 

review of these studies clearly shows that the levels of phenols, flavonoids, and 

antioxidant activity in wheat and spelt sprouts are lowest in ungerminated seeds 

and tend to increase during germination. The highest concentrations were 

observed in samples taken 15 days after germination, which explains the high 

phenol and antioxidant values found in this study. As secondary plant 

metabolites, phenols are predominantly synthesized in the early stages of 

growth when plants are most exposed to stress. 

It is important to note that all the aforementioned studies on spelt or wheat 

sprouts used samples from the first harvest. In contrast, Kristić et al (2022) 

compared the functional properties of wheatgrass juice depending on whether it 

was derived from the first or second cut. The concentrations of phenols, 

flavonoids, and antioxidant activity were significantly higher in the first cut.  

Popović et al (2020) compared three organic, two conventional spelt 

varieties, and one wheat sprout sample. Interestingly, no significant differences 

were observed between organic and conventional spelt in terms of phenol 

concentration and antioxidant activity. Their results also confirmed a positive 

correlation between phenol concentration and antioxidant activity. The wheat 

sample ranked second, just behind the organic spelt variety (Ebners-R). 

 

Concentration of chlorophyll a and chlorophyll b in spelt sprouts 

After extracting chlorophyll from the sample and measuring the absorbance 

at three wavelengths (470 nm, 646 nm, 663 nm) using a spectrophotometer, the 

chlorophyll content was obtained in units of µg/ml. The final result was 

expressed in mg/100 g of dry matter. The average content of chlorophyll a was 
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39.95 ± 3.44 mg/100 g dry matter, while the average content of chlorophyll b 

was 19.53 ± 3.05 mg/100 g dry matter (Table 2). 

 
Table 2. Concentration of chlorophyll a and chlorophyll b in spelt sprouts 

 

 
 

 

 

 

 

 

 

The results indicate that the ratio of chlorophyll a to chlorophyll b is 2:1, 

which opens room for discussion. These findings are consistent with studies 

conducted on microgreens (Ghoora et al, 2020; Nugroho et al, 2023; Dantas et 

al, 2024), where a higher concentration of chlorophyll a compared to 

chlorophyll b was confirmed. In their research on chlorophyll in wheatgrass, 

Rauzi and Dobrenz (1970) also concluded that the concentration of chlorophyll 

a is higher than that of chlorophyll b, which aligns with the findings of this 

study. They also reported that chlorophyll concentration (both a and b) 

decreases as the plant matures and that the plant's developmental stage and 

climatic conditions are among the most influential factors. 

Padalia et al (2010) conducted a comprehensive study on wheatgrass juice, 

highlighting its medicinal properties. Chlorophyll is referred to as "green blood" 

due to its structural similarity to hemoglobin. Owing to this resemblance and its 

high concentration in the juice, wheatgrass is recommended as a supplement for 

hemoglobin deficiency, anemia, and thalassemia (a hereditary blood disorder). 

Chlorophyll promotes hemoglobin synthesis, enhancing oxygen delivery to all 

cells, including cancer cells, which are particularly sensitive to elevated oxygen 

levels. Consequently, wheatgrass—specifically spelt sprouts—is considered one 

of the most effective supplements in cancer prevention. 

Martins et al (2023) reported several beneficial effects of chlorophyll, 

including antimutagenic, anticancer, anti-inflammatory, anti-obesity, and 

neuroprotective properties. Given the high chlorophyll content in young spelt 

sprouts, their consumption in fresh form, as juice, or as powder, may positively 

influence the aforementioned conditions. 

 

 

 

 

Sample Concentration of 

chlorophyll a 

Concentration of 

chlorophyll b  

1 36,54 16,70 

2 37,72 17,36 

3 44,01 21,02 

4 41,51 23,10 

Average 39,95 19,53 

Standard deviation ±3,44 ±3,05 
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Conclusion  

 

Based on the review of scientific literature and the results of laboratory 

analyses, and in accordance with the set objective and the applied methodology 

for the preparation of the thesis titled ―Nutritional and Medicinal Properties of 

Spelt (Triticum spelta)‖, the following conclusions can be drawn: 

 Spelt (Triticum spelta), an ancient crop that has gained popularity in recent 

decades, has a nutritional profile very similar to that of modern wheat 

varieties. 

 It is characterized by a high concentration of dietary fiber, a greater 

proportion of unsaturated fatty acids compared to wheat, better digestibility, 

and a high content of proteins and carbohydrates. 

 Antioxidant activity is in direct correlation with its medicinal properties. 

 The total phenolic content was 418.4 ± 66.28 mg GAE/g of dry matter, while 

the flavonoid content amounted to 4.56 ± 0.72 mg CE/g of dry matter. 

 The antioxidant activity measured was 76.5 ± 3.14 mg GAE/g of dry matter. 

 The measured concentration of chlorophyll a was 39.95 ± 3.44 mg/100 g of 

dry matter, while chlorophyll b amounted to 19.53 ± 3.05 mg/100 g of dry 

matter. 

A limitation of this study is that the analysis was performed on a single 

sample. Future research should include multiple different samples, both organic 

and conventionally grown spelt, as well as a detailed analysis of phenolic acids. 
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Abstract: Weeds are main limiting factor for maize growing. It is important to 

know which weed associations are more harmful – the grass or the broadleaf? 

Therefore a field experiment with the maize hybrid ‖Zanetixx DUO‖ on the 

experimental field of the Agricultural University of Plovdiv, Bulgaria was 

conducted. The obtained results showed that the uncontrolled broadleaf weeds 

suppress the growth and development of the maize to a greater extent than 

uncontrolled grass weed flora. The efficient herbicide control of both grassy and 

broadleaf weeds with Principal Plus 66.5 WG contributed to the highest recorded 

values for the studied parameters as ear diameter, ear length, absolute and 

hectoliter seed weight as well as the highest grain yields. 

 

Key words: maize, weeds, growth, yields. 

 

 

Introduction  
 

Maize is one of the most productive crops around the globe. The weeds are a 

serious problem for maize, especially in the early development stages. When the 

growth is staggered, as a result of low temperatures, the competitiveness of the 

crop against the weeds is relatively low. Based on data reported by different 

researchers, when the percentage of the weeds is high, the yields of the corn 

could be significantly lowered down to 77% from 91%. The negative effect of 

the weeds on the respective crops is expressed in the low quality and quantity of 

the production, unfortunately they are also a conduct for the development and 

spreading of different kinds of pathogen and insects, and it also hinders the 

work process of the machines (Tonev, 2000).  

The main problematic weeds are the late-spring species such as: Amaranthus 

retroflexus, Echinochloa spp., Xanthium strumarium, Chenopodium album, 

Datura stramonium, Setaria viridis, but that doesn‘t exclude other types of 
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weeds such as the Sorghum halepense, Cirsium arvense, Convololus arvensis, 

etc. Their density increase when maize is grown as continuous monoculture 

(Tonev, 2000). 

The most economically, ecologically safe, and effective means of contoling 

the weeds is the in integrated approach. It includes different methods and means 

– mechanical, chemical, biological, etc. (Tonev, 2013).  

Chemical weed is the most common control method that consists of 

eliminating the unwanted weed flora through the use of herbicides. This method 

is highly effective, fast, and easy. Proper use of herbicides reduces weed control 

costs by up to 60%. It also decreases fuel and energy consumption, as well as 

soil erosion (Tonev et al., 2013).  

Depending on the geographical latitude and the presence of weed seeds in the 

soil, different weed associations develop in the maize fields. Along with grass 

weeds, broadleaf weeds can also pose a serious problem. In some fields, 

dicotyledonous weeds dominate over monocotyledonous weeds (Dimitrova et al., 

2018; Jagadish et al., 2016; Kakade et al., 2016; Yakadri et al., 2015; Jat et al., 

2012). 

In Bulgaria, economically significant weeds in maze are Amaranthus 

retroflexus L., Datura stramonium L., Xanthium strumarium L., Solanum 

nigrum L., Chenopodium album, Abutilon theophrasti L., Sinapis arvensis L., 

Echinochloa crus-galli L., Setaria glauca L., Sorghum halepense L., 

Convolvulus arvensis L., Cynodon dactylon L., and Cirsium arvense L. (Mitkov 

et al., 2019; Tonev et al., 2010). 

Very high efficacy against annual grassy and broadleaf weeds in the crop has 

been reported following the application of Gardoprim Plus Gold 500 SK – 4.00 

l ha
-1

 (99%), Lumax 538 SK – 4.00 l ha
-1

 (97%), Wing – 4.00 l ha
-1

 (97%), and 

Merlin Flex – 420 ml ha
-1

 (94.6%) (Dimitrova et al., 2013 a). The application of 

Merlin Duo at rates from 1.00 to 2.00 l ha
-1

 after sowing before mazie  

emergence controls Abutilon theophrasti L. and Solanum nigrum L. The highest 

efficacy against Chenopodium album L. was achieved with Merlin Duo at rates 

of 1.25, 1.5, and 2.00 l ha
-1

 (Mitkov et al., 2018). 

For the control of Sorghum halepense L., Echinochloa crus-galli L., 

Chenopodium album L., Amaranthus retroflexus L., and Abutilon theophrasti L. 

in mazie, the combination of Stomp 33 EC + Mistral 4 SC is recommended 

(Kalinova et al., 2000).  

In recent years, there has been an increased focus on the breeding and 

selection of crop plants that are tolerant to existing herbicidal substances. These 

varieties, known as herbicide-tolerant, are the result of naturally occurring 

variability or are developed through techniques of mutagenesis. 

Cycloxydim is a systemic herbicide applied during the vegetation stage in dicot 

crops for selective control of grass weeds. In 1990, in Minnesota, a mazie variety 
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tolerant to this active substance, known as CTM, was bred. These plants were 

regenerated from tissue culture in the presence of cycloxydim application. The 

developed plants had contained a partial mutation, expressed as a single dominant 

gene that confers tolerance to the herbicide. The right to use this variety was 

acquired by BASF, which holds the license for the cycloxydim-containing herbicide 

(Focus Ultra – 100 g/l cycloxydim). Tolerance to cycloxydim has been achieved 

through the incorporation of one or two CTM alleles into a single maize hybrid.  

Simić et al. (2013) evaluated weed infestation and yield in the mazie hybrid 

'ZP 684 Ultra' following the application of cycloxydim alone or in combination 

with several herbicides for broadleaf weed control. Nine variants were tested. 

The highest weed control efficacy and grain yield were achieved with the 

combined application of cycloxydim + tembotrione. 

In 2020, a field trial was conducted with the maize hybrid 'Blazon DUO' at 

the experimental field of the Agricultural University – Plovdiv. The efficacy of 

the herbicidal product Starane Gold (100 g/l fluroxypyr + 1 g/l florasulam) was 

evaluated at increasing doses (1.20, 1.80, and 2.40 l ha⁻¹). The results were 

compared to an untreated control. The highest efficacy against broadleaf weeds 

was observed at the rates of 1.80 and 2.40 l ha⁻¹. However, phytotoxic 

symptoms were recorded. Alongside the reduction in broadleaf weed density, a 

significant increase in key plant parameters such as plant height and number of 

ears per plant was recorded. The absolute and hectoliter seed mass, as well as 

grain yields, were highest at the 1.20 and 1.80 l ha⁻¹ rates.  

The aim of the study conducted by Malidţa et al. (2020) was to investigate 

the potential use of a cycloxydim-tolerant maize hybrid for improving weed 

control in an intercropping system with common bean. Combinations of 

herbicides were tested. The effect of these herbicides on weed number, fresh 

weed biomass, and the grain yield of maize and bean was evaluated. No 

phytotoxic symptoms were observed from the herbicide applications in the 

mixed crop, which supports the potential for expanding herbicide options, 

especially those containing cycloxydim in intercropping systems involving 

beans and cycloxydim-tolerant maize. 

The aim of the present study is to evaluate the impact of uncontrolled grass 

or broadleaf weeds, as well as mixed weed associations, on certain vegetative 

and reproductive characteristics of the maize hybrid 'Zanetixx DUO. 

 

Material and methods  

 

The field trial was established during the 2024 growing season of maize at 

the experimental field of the Department of Agriculture and Herbology, 

Agricultural University – Plovdiv, Bulgaria, under irrigated conditions. The 

study was conducted by the randomized block design with three replications, 
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and each experimental plot was 20 m². The maize hybrid grown was ‗Zanetixx 

DUO‘, which is tolerant to the herbicidal active substance cycloxydim. The 

hybrid ‗Zanetixx DUO‘  is an FAO 360 group hybrid, developed by the seed 

company RAGT SEMENCES, France. The hybrid exhibits excellent stress 

resistance, rapid early growth, and strong stalk robustness (https://ragt-

vetomag.hu/hu-hu/fajtaink/rgt-zanetixx-duo-kukorica). 

The experimental treatments included the following variants: 

1. Untreated control; 2. Stratos Ultra (100 g/L cycloxydim) – 2.00 l ha
-1

 

(controls only grass weeds); 3. Casper 55 WG (500 g/kg dicamba + 50 g/kg 

prosulfuron) – 300 g ha
-1

 (controls only broadleaf weeds); 4. Principal Plus 66.5 

WG (92 g/kg nicosulfuron + 552 g/kg dicamba + 23 g/kg rimsulfuron) – 440 g 

ha
-1

 (controls broadleaf and grass weeds). 

The herbicides were applied at the 3
rd

 to 5
th
 leaf stage of the crop using a 

SOLO manual sprayer. The spray volume was 210 l ha
-1

. 

Herbicide efficacy was visually assessed using the 10-score scale of EWRS 

(European Weed Research Society) 14, 28, and 56 days after treatments. 

The narural weed infestation of the field consisted of the following species: 

- Chenopodium album L. – 289 plants/m² 

- Amaranthus retroflexus L. – 354 plants/m² 

- Sorghum halepense (L.) Pers. – 262 plants/m² 

- Setaria viridis (L.) – 322 plants/m² 

The maize was grown as monoculture following maize as a predecessor, 

under irrigated conditions. The entire trial field was fertilized with 250 kg ha
-1

 

of a compound N:P:K (15:15:15) fertilizer, followed by deep ploughing. Before 

sowing, the field was disked to a depth of 15 cm and cultivated twice to a depth 

of 8 cm. In spring, topdressing with 250 kg ha
-1

 NH₄NO₃ was applied. 

The following parameters were recorded for maize: 

 Ear diameter (cm) and Ear length (cm). The measurements were done at 30 

ears thotal each treatment; 

• Grain yield (t ha
-1

) – determined by hand-harvesting the two central rows 

of each plot and recalculated to t ha
-1

; 

• Absolute seed mass (g) – measured in three replications; 

• Hectolitert seed weight (kg) – measured in three replications. 

Statistical analysis of the data was conducted using Duncan‘s multiple range 

test via SPSS software. Differences were considered significant at p < 0.05. 

 

Results and discussion 

 

Figure 1 present the average minimum and maximum temperatures during the 

vegetation. Based on meteorological data, an assessment can be made of how 

agro-meteorological conditions influenced the development maize. 

https://ragt-vetomag.hu/hu-hu/fajtaink/rgt-zanetixx-duo-kukorica
https://ragt-vetomag.hu/hu-hu/fajtaink/rgt-zanetixx-duo-kukorica
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Maize was sown in April, with germination and emergence occurring under 

high soil moisture conditions. In April, average precipitation totaled 37.25 mm. 

During the next two months (May and June), the plants developed well. In May, 

rainfall reached 74.5 mm, while in June it dropped significantly to only 5.25 mm. 

Rainfall in July was also limited, totaling just 20.1 mm, which led to water stress in 

the plants. The water deficit intensified further in August, with precipitation 

decreasing to only 10.5 mm. Thanks to the established drip irrigation system, the 

plants developed well during May, achieved a relatively high yield for the region. 

The temperatures (minimum and maximum) were relatively favorable for the 

crop development, although high temperatures during June, July, and August had 

some adverse effects on maize development.  

 

 
Figure 1. Average minimum and maximum temperature during vegetation, °С 

 

Table 1 shows efficacy against the weeds in the trial. The highest efficacy - 

60%, against Ch. album on the 14
th
 day after treatment, was recorded for Principal 

Plus 66.5 WG – 44 g/da (variant 4). By the 56
th
 day, the efficacy of this herbicide 

reached 100%. At day 56, Casper WG achieved 95% efficacy. Stratos Ultra 

showed 0% efficacy since its active ingredient controls only grass weeds. 

The efficacy against A. retroflexus was similar to that of Ch. album. On the 14
th 

day, Principal Plus 66.5 WG (variant 4) showed the highest efficacy - 70%. On the 

28
th
 day, Casper‘s efficacy was 85%, and Principal Plus‘s was 80%. By the 56

th
  

day, both herbicides reached 100% efficacy. Stratos Ultra again showed 0% 

efficacy, as it controls only grass weed species. 

On the 14
th
 day, Stratos Ultra (variant 2) showed the highest efficacy against S. 

halepense - 70%. By day 56, its efficacy reached 100%. Principal Plus had 90% 

efficacy at day 56. Casper showed 0% efficacy because its active substances 

control only broadleaf weeds. 
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On the 14
th
 day, Stratos Ultra (variant 2) showed the highest efficacy against S. 

viridis - 75%. By day 56, its efficacy reached 100%. Principal Plus also reached 

100% efficacy at day 56. Casper showed 0% efficacy, as with S. halepense, 

because it controls only dicotyledonous weeds. 

 
Table 1. Efficacy of the applications against the weeds, % 

Variants / days after treatments 14 days 28 days 56 days 

Efficacy against Ch. album 

1. Untreated control - - - 

2. Stratos Ultra – 2.00 l ha
-1

 0 0 0 

3. Casper 55 WG – 300 g ha
-1

 50 75 95 

4. Principal Plus 66.5 WG – 440 g ha
-1

 60 80 100 

Efficacy against A. retroflexus 

Variants / days after treatments 14 days 28 days 56 days 

1. Untreated control - - - 

2. Stratos Ultra – 2.00 l ha
-1

 0 0 0 

3. Casper 55 WG – 300 g ha
-1

 60 85 100 

4. Principal Plus 66.5 WG – 440 g ha
-1

 70 80 100 

Efficacy against S. halepense 

Variants / days after treatments 14 days 28 days 56 days 

1. Untreated control - - - 

2. Stratos Ultra – 2.00 l ha
-1

 70 90 100 

3. Casper 55 WG – 300 g ha
-1

 0 0 0 

4. Principal Plus 66.5 WG – 440 g ha
-1

 55 85 90 

Efficacy against S. viridis 

Variants / days after treatments 14 days 28 days 56 days 

1. Untreated control - - - 

2. Stratos Ultra – 2.00 l ha
-1

 75 95 100 

3. Casper 55 WG – 300 g ha
-1

 0 0 0 

4. Principal Plus 66.5 WG – 440 g ha
-1

 70 85 100 

 

The results related to the ear length, ear diameter absolute, and hectoliter seed 

mass are shown in Table 2. All treatments involving herbicide application against 

weeds resulted higher values in comparison to the untreated control. 

 
 Table 2. Biometrical and qualitative parameters of maize  

Variants 
Ear  

length  

Ear 

diameter 

Absolute 

seed mass 

Hectoliter 

seed mass 

1. Untreated control 11.98 d 1.58 c 158.38 d 54.25 c 
2. Stratos Ultra – 2.00 l ha-1 13.82 c 2.04 b 190.90 c 58.00 b 
3. Casper 55 WG – 300 g ha-1 17.58 b 2.12 b 215.29 b 60.75 b 
4. Principal Plus 66.5 WG – 440 g ha-1 21.58 a 2.24 a 286.62 a 65.50 a 
Numbers with different letters are with proved difference according to Duncan's test (p < 0,05). 
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The longest ears were measured in variant 4 (Principal Plus) with 21.58 cm, 

while the shortest ears were recorded in the control variant – 11.98 cm. Similar to 

ear length, variant 4 (Principal Plus), where the mixed weed infestation was 

controlled, had the highest ear diameter at 2.24 cm. The lowest diameter was 

measured in the untreated control – 1.58 cm. 

All herbicide-treated variants showed higher absolute seed weights compared 

to the control. The highest absolute seed weight was recorded for variant 4 

(Principal Plus) – 286.62 g. The control variant showed the lowest value – 158.38 

g. Variant 2 (Stratos Ultra), which controlled only grassy weeds, had an absolute 

seed weight of 190.90 g, while variant 3 (Casper), controlling only broadleaf 

weeds, showed a higher absolute seed weight of 215.29 g on average. 

The highest average hectoliter weight was recorded for variant 4 (Principal 

Plus) – 65.50 kg. The lowest values were in the control variant – 54.25 kg. Variant 

2 (Stratos Ultra), controlling only grassy weeds, had a hectoliter weight of 58.00 

kg, and variant 3 (Casper), controlling only broadleaf weeds, had 60.75 kg. 

Table 3 presents the results for maize grain yields. According to Mitkov et al. 

(2018) and Hristova et al. (2021) maize grain yield can be reduced to varying 

degrees depending on weed infestation levels. Our findings confirm the 

observations reported in these studies. As with all previously described parameters, 

all herbicide-treated variants showed higher yields compared to the untreated 

control. The highest yield was recorded in variant 4 (Principal Plus) with 6.89 t ha
-

1
. This represents a 186% increase in yield compared to the untreated control, 

which had the lowest yield at 2.41 t ha
-1

. In variant 2 (Stratos Ultra), the yield was 

3.65 t ha
-1
 (51% increase compared to the control). Variant 3 (Casper), showed a 

yield of 4.76 t ha
-1

, corresponding to a 97% increase compared to the control. 

 
Table 3. Biometrical and qualitative parameters of maize  

Variants Grain yields 
% of yield increase 

compared to the control 

1. Untreated control 2.41 d 100% 

2. Stratos Ultra – 2.00 l ha
-1

 3.65 c +51% 

3. Casper 55 WG – 300 g ha
-1

 4.76 b +97% 

4. Principal Plus 66.5 WG – 440 g ha
-1

 6.89 a +186% 
Numbers with different letters are with proved difference according to Duncan's test (p < 0,05). 

 

Conclusions  

 

Uncontrolled broadleaf weeds suppress the growth and development of 

maize to a greater extent than uncontrolled grass weeds. The mixed weed 

association in the untreated control resulted in the lowest examined parameters 

and the lowest yields. The efficient herbicide control of both grass and 
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broadleaf weeds with Principal Plus 66.5 WG contributes to the highest 

recorded values for the studied parameters. 
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Abstract: European plum or domestic plum (Prunus domestica L.) is a 

strategic fruit species for Bulgaria. It is a very well-adapted and grows well in 

various regions of the country, ranking first in terms of fruit production and 

second after sweet cherries in area cultivated. The Fruit Growing Institute-

Plovdiv, Bulgaria is running a plum breeding program since 1987 and this study 

aimed to describe the most recent cultivars resulting from it. The Bulgarian 

cultivars Sirma, Pagane, Ulpiya, Sineva, and the candidate cultivar Alesina were 

compared to the standard cultivar Stanley to evaluate their potential for 

diversifying the range of cultivars grown by producers. In two consecutive years 

(2023 and 2024) morphological and fruit quality traits were evaluated. The results 

showed that all studied cultivars provide high-quality fruits and are suitable for 

widening the set of cultivars grown in the orchards. The Bulgarian plum cultivars 

ripen before the standard and thus extend the period of supplying fresh plum fruits 

on the market. The fruits of Sirma and Ulpiya cvs. have an elliptical shape, which 

is also the preferred one in the breeding of the species. The fruits of Alesina, 

Pagane and Plovdivska Renkloda have a circular shape. The fruits obtained from 

Pagane cv. are classified as very large, with an average weight of 64,28 g, and 

they also have the highest yield of fruit flesh (F/S).  

 

Key words: European plum, fruit, breeding, genetic resources 
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Introduction 

 

The European plum (Prunus domestica  L.) is a stone fruit from genus - 

Prunus Mill.,  sub-family – Amygdaloides (Prunoidae), family – Rosaceae 

(Rahemi аnd Gradziel, 2024; Iliev et. al, 1985) 

In Bulgaria, it is the most widely grown stone fruit species. Using data from 

2022 from The Agricultural Statistical Handbook of the Ministry of Agriculture, 

Food and Forestry, plums are cultivated on 12 801 ha. The average yield is 6 028 

kg per ha. The region of Plovdiv has the highest yields from 15 841 kg obtained 

from 2 223 ha. 

 Plum attracts the interest of producers due to its low requirements regarding 

agro-climatic and soil conditions, its potential for high yield, and the possibility of 

implementing increasingly relevant and sough-after organic cultivation. The 

specific cultivar (genotype) as well as the growing conditions - irrigation, 

fertilization, training system, and the method of maintaining the soil surface, have 

a significant impact on the quality and quantity of the production. In the past, the 

cultivar Kustendilska Sinya was the most popularly grown cultivar due to its 

excellent taste qualities and fruits suitable for both direct consumption and 

processing. One big disadvantage of the cultivar was its high susceptibility to the 

viral disease known as 'Sharka' (Plum pox virus). Because of the endemic 

distribution of the virus in the country, farmers stopped growing the cultivar. 

Subsequently, the position of Kustendilska Sinya Sliva is taken over by Stanley 

(―Ajan‖ x ―Grand Duke‖) (Lichev et al., 2012), which is a tolerant to the virus 

cultivar. Currently it is the most widely grown cultivar in Europe and Bulgaria. 

The diversification of the range of cultivars is necessary to enhance the 

competitiveness of producers. Modern plum breeding aims to create cultivars 

providing quality fruits, suitable for fresh consumption and processing. PPV has 

being cured in lab conditions, using cold atmospheric plasma (CAP) (Milusheva 

et al., 2020).  However, in orchards using well-known plant protection treatments, 

it‘s not possible to be removed. Using resistant and tolerant cultivars is still the 

best method against the virus. That‘s the reason in all breeding programs 

worldwide, new cultivars must be tolerant or resistant to ‗Sharka ‘(Milošević at 

al., 2018). 

The breeding program in the Fruit Growing Institute was launched in 1987. 

The main goal was to create new tolerant or resistant plum cultivars to PPV, 

which have good quality of their fruits and good agronomic characteristics. From 

1987 till today 9 cultivars were registered and one is currently in the procedure for 

registration as a candidate cultivar. Two of them were obtained by free pollination 

of President, Stanley, Greengage and Scolduse. After evaluation, with the best 

complex of desired qualities, Elite No. 5-174 (Ulpia) and Elite No. 6-51 (Sineva) 

were selected. Their fruits ripen in the second decade of August, about two weeks 
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before Stanley and more than a month before President (Zhivondov and 

Bozhkova, 2008). Another cultivar obtained at the Fruit Growing Institute is 

Plovdivska Rencloda (Zhivondov, 2008). It was obtained by free pollination of 

Stanley and belongs to the Reine Claude group. Unlike the well-known 

Greengage and Altan‘s Gage, the new cultivar Plovdivska Rencloda is self-fertile. 

In 2019, two new plum cultivars were registered - Sirma and Pagane (Nesheva 

and Bozhkova, 2020). Sirma has a moderately early flowering period, which 

usually begins 2-3 days before that of Stanley. Using the method of induced 

mutagenesis, by irradiating stones with X-rays, the Bulgarian cultivar Pagane was 

created. It demonstrates excellent taste qualities and good texture of the fruit flesh 

(Nesheva and Bozhkova, 2020). Both are suitable for fresh consumption. The 

new cultivars are tolerant to ‗Sharka‘, like Stanley. 

Plant genetic resources have a direct connection with breeding programs, as 

they are the basis for creating genetic diversity. Local genetic resources are 

valuable due to their good adaptation to the agroclimatic conditions of the region 

in which they were created and resistance to pests. The detailed study and 

description of the Bulgarian plum cultivars will provide up-to-date information 

about their qualities in the conditions of the dynamically changing climate of the 

country. The detailed information about the Bulgarian cultivars will be useful to 

fruit producers when choosing cultivars for planting in fruit orchards. The aim of 

this research was to study the Bulgarian cultivars Sirma, Pagane, Ulpiya, Sineva, 

and the candidate cultivar Alesina, compare them to the standard cultivar Stanley 

and evaluate their potential for diversifying the range of cultivars grown by 

producers. 

 

Material and methods 

 

The subject of the study are the Bulgarian cultivars – Ulpia, Plovdivska 

Renkloda, Sirma, Pagane and the candidate cultivar Alesina /Elite 1-14/ bred at 

the Fruit Growing Institute-Plovdiv, Bulgaria. In the collection orchard of the 

Fruit Growing Institute – Plovdiv in 2013, 5 trees of each cultivar were planted. 

The cultivars were grafted onto the standard Myrobalan seedling rootstock 

(Prunus cerasifera L.), and were formed as a freely growing canopy. No other 

type of pruning was performed. During the vegetation period, the trees were 

irrigated by gravity irrigation. 

In the pomological description of the cultivars, the technical protocols of the 

CPVO to the European Union were used, which are consolidated with the 

UPOV descriptors (Plum descriptors) CPVO-TP/41/1, TG/41/5 (UPOV, 2002). 

In the period 2023-2024 the following characteristics were monitored: 

1. Date of onset of the full bloom phenophase - determined according to the 

BBCH scale at 50% fully open flowers, falling of the first petals. 
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2. Arrangement of the petals - CPVO-TP/41/1 

3. Fruit ripening period – determined organoleptically 

4. Fruit shape – determined according to CPVO-TP/41/1 

5. Fruit biometry – Biometric measurements were performed on an average 

sample of 25 fruits of each cultivar. Measurements were performed with a 

digital calliper Mitutoyo Absolute AOS Digimatic Digital Electronic Caliper 

150 mm equipped with a cable for data transfer to a computer. 

6. Fruit weight – measured on an average sample of 25 fruits of a cultivar, 

using an electronic scale. According to weight, the fruits were classified into the 

following categories: very small (< 10 g); small (11-25 g); medium (26-40 g); 

large (41-55 g); very large (56-70 g); extremely large (>70 g). 

7. Fruit flesh firmness – measured with a digital penetrometer PCE-PTR 

200N. 

8. Total soluble solids content – measured using a Kern ORF 2WM 

refractometer. 

Statistical data processing was performed using Duncan's Test, using IBM 

Statistics SPSS 26 statistical software 

 

Results and discussion 

 

The time of occurrence of the phenological stages depends on a combination 

of genetically determined factors and the influence of the environment. For the 

region of Plovdiv, the flowering of plum cultivars begins at the end of March-

beginning of April. Under the influence of the climatic factors, the phenological 

development, in two consecutive years, may vary by over 20 days (Bozhkova 

and Nesheva, 2016). In 2023, the phenological phase ―full flowering‖ (BBCH 

65) in the observed cultivars occurred at the end of March (Table 1). Only for 

Plovdivska Renkloda was recorded on April 1 – three days after the standard 

Stanley. In 2024, due to high temperatures, the phenophase ‗full flowering‘ in 

occurred almost simultaneously in the first days of April. In 2024, no 

differences between the studied cultivars were observed.  
 

Table 1. Date of occurrence of the phenophase 'full bloom' 

Cultivar 

Full flowering 

date 2023 

(BBCH 65) 

Average 

compared to 

Stanley 

Full flowering 

date 2024 

(BBCH 65) 

Average 

compared 

to Stanley 

Sirma 29.03 0 5.04 0 

Pagane 29.03 0 5.04 0 

Alesina 31.03 +2 5.04 0 

Plovdivska Renkloda 01.04 +3 5.04 0 

Ulpiya 29.03 0 4.04 -1 

Stanley 29.03 - 5.04 - 
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The characteristics of the floral organs can be used to distinguish taxa or 

species of the genus Prunus. According to botanical terminology, the petals of 

the European plums are free, i.e. not connected to each other at the base. 

However, in some cases, the petals may touch or be close to each other. The 

international descriptor CPVO-TP/41/1 defines 3 types of petal arrangement 

during full bloom – free, touching, and overlapping. In the observed plum 

cultivars, the petals are freely arranged (Table 2). Only for the candidate 

cultivars Alesina, they are ―touching‖. 

 

Table 2. Arrangement of petals in flowers 
Cultivar Arrangement of petals 

Sirma free 

Pagane free 

Alesina touching 

Stanley free 

Plovdivska Renkloda free 

Ulpiya free 

 

The extension of the ripening period is among the main goals set in the 

breeding programs for fruit species. In the case of plums, to find market sales, 

the ripening period is sought before or after the most widely grown cultivar, 

Stanley. The ripening period of the fruits of all cultivars bred at the Fruit 

Growing Institute is earlier. Due to the different climatic conditions, large 

differences in the ripening date of the fruits were registered during the two 

experimental years. In the conditions of higher temperatures in 2024, the fruits 

of all cultivars ripened 10 (Sirma) to 23 (Alesina) days earlier compared to 

2023. The earliest-ripening was the candidate cultivar Alesina, which precedes 

the ripening of Stanley by over 20 days. 

 

Table 3. Fruits ripening dates of the cultivars 
Cultivar Ripening date 

2023 

Ripening date 

2024 

Average for the 

period 

Sirma 1.8. 22.7 27.7 

Pagane 25.08 10.8 17.08 

Alesina 1.8 9.7 20.7 

Plovdivska Renkloda 11.8 1.8 6.8 

Ulpiya 16.8 28.7 6.8 

Stanley 7.9 22.8 30.8 
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The fruit and stone shapes are important pomological traits and vary 

depending on the specific cultivars. In plum cvs., 6 different fruit shapes are 

observed. According to the literature, the spherical or oval shape is preferred, as 

it provides better resistance to mechanical damage and is more attractive to 

consumers. The fruits of the studied cultivars fall into 3 categories (Table 4). 

The fruits of the Sirma and Ulpiya cvs. are elliptical, with a circular shape are 

Alesina, Pagane and Plovdivska Renkloda. The shape of the fruits of the 

standard Stanley cv. is obovate. Fruits with symmetrical halves are preferred by 

the market. The cultivars from the Reine Claude type, have fruits with 

asymmetrical halves. The stones of Sirma are of a different shape from the other 

cultivars. 

The main physical parameters of the fruits are interconnected. There is a 

strong correlation between the height, width and thickness of the fruit, and all 3 

dimensions correlate with its weight (Mratinic et al., 2011). Dimensions are 

particularly important in fruit processing, for determining the size of the 

openings of the machines, especially when sorting them (Mohsenin, 1980). The 

linear dimensions of the fruits of the studied cultivars vary greatly according to 

their shape and size (Table 5). Size is the most important quality for fruits 

intended for fresh consumption (Polat and Caliskan, 2013). Its main indicator is 

the weight of the fruit. According to their weight, the fruits of Pagane are 

classified as very large, and those obtained from Sirma as large (Table 5). The 

fruits obtained from all other cvs. are classified as medium-large. Fruits of such 

sizes are preferred for the processing industry. 

 

Table 4. Fruit and stone shape 
Cultivar Symmetry of the fruit Fruit shape Stone shape 

Sirma symmetrical elliptic elongated 

Pagane asymmetrical circular elliptic 

Alesina symmetrical circular elliptic 

Plovdivska Renkloda asymmetrical circular elliptic 

Ulpiya symmetrical elliptic elliptic 

Stanley asymmetrical ovate elliptic 

 

The weight and relative share of the stones in the fruit weight are relatively 

constant. Due to the low variability of their characteristics, stones are an 

important pomological feature and are used to identify different cultivars. The 

ones with the largest stones among the studied cultivars are Stanley, Ulpia and 

Pagane (Table 6). Despite their large size, Pagane had the lowest relative share 

in the total fruit weight. 
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Table 5. Fruit biometrical analyses 

Cultivar 
Height 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

Fruit weight  

(g) 

Size 

category 

Sirma 47,48 b* 38,37 b 41,24 b 41,81 b Large 

Plovdivska Renkloda 39,65 d 38,22 b 36,74 d 33,74 cd Medium 

Alesina 39,78 d 37,06 c 39,12 c 34,80 c Medium 

Ulpiya 39,75 d 35,03 d 36,71 d 31,67 d Medium 

Pagane 52,27 a 45,14 a 47,06 a 64,28 a Very large 

Stanley 45,25 c 30,67 e 33,29 e 31,46 d Medium 

 
Table 6. Stone size 

Cultivar Stone weight Stone relative share % 

Sirma 1,63 c* 3,90 

Plovdivska Renkloda 1,54 c 4,56 

Alesina 1,68 b 4,83 

Ulpiya 2,02 a 6,38 

Pagane 2,00 a 3,11 

Stanley 2,04 a 6,48 

 

The total soluble solids (TSS) content of the fruits is related to their sugar 

content and is important for the production of dried fruits (Akin et al., 2008). 

There is a medium-strong correlation between the ripening period and the TSS 

content (Tsonev, 1991) and it is normal for earlier ripening fruits to have lower 

measured values (Durmaz et al., 2010). This characteristic of the fruits is 

strongly influenced by environmental factors and therefore varies for the same 

genotypes in different years (Bartolini et al., 2016). The TSS content of all 

studied Bulgarian cultivars is high (Fig. 1).  

 

 
Figure 1. TSS content (⁰Brix) 

 
Figure 2. Fruit firmness (kgf/cm

2
) 

 

The highest value on average of the two years was calculated for the Ulpia 

cv. Usually, fruits with a higher TSS content are softer. Fruit firmness affects 
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the shelf life of the fruits and is an important characteristic for their acceptance 

by consumers. Fruit firmness is a combination of skin firmness and fruit flesh 

firmness. Cultivars with firmer fruits are preferred because of their better 

transportability and storability (Hend et al., 2009). All studied cultivars have 

fruit firmness above 3 kgf/cm
2
 (Fig. 2). The best ratio between soluble dry 

matter content and fruit firmness is observed in the Pagane cv. Its fruits have a 

high sugar content, but are nevertheless firm. 

 

Conclusions 

 

The results showed that all studied cultivars provide high-quality fruits and 

are suitable for diversifying the set of cultivars grown in the orchards. The 

Bulgarian plum cultivars ripen before the standard and thus extend the period of 

offering fresh plum fruits on the market. The largest fruits are obtained from 

Pagane cv. The fruits of this cultivar have the lowest stone relative share 

respectively the highest yield of fruit flesh.  
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Abstract: Blatina, as an indigenous grapevine variety of Bosnia and 

Herzegovina, possesses good traits of yield, grape quality, and wine quality, but 

with the disadvantage of a female flower type. To obtain progeny with 

hermaphroditic flowers, controlled hybridization of the Blatina variety was 

carried out during the 2016-2017 period, using pollen from the Vranac, Ţilavka, 

Trnjak, and Alicante Bouschet varieties. In 2018, many seedlings from different 

combinations were obtained, including a smaller number with hermaphroditic 

flowers (total number of seedlings/seedlings with hermaphroditic flowers): 

Blatina x Vranac – 120/11; Blatina x Trnjak – 100/7.  The aim of this study is to 

analyze the characteristics of seedling clusters obtained from these crossing 

combinations in their third year of growth. During September 2023, at the time 

of optimal ripeness, grape samples were collected, and the ampelographic 

characteristics of the clusters were analyzed. Cluster weight ranged from 112.8 

to 339.8g, and the number of berries per cluster ranged from 24 to 159. Sugar 

content, depending on the crossing combination, ranged from 16.0 to 20.8 

°Brix. The research results and conclusions represent preliminary studies, which 

will continue with the aim of selecting significant seedlings, their propagation, 

and further evaluation to obtain a new genotype. 

 

Key words: Hybridization, Pollinator, Seedling, Quality 

 

 

Introduction  

In viticulture, the importance of grapevine variety is significantly greater 

than in other branches of agriculture, as the quality of the future wine depends 

primarily on the variety itself. According to Töpfer et al. (2011), there are 

currently nearly 9,500 wine grape varieties, about 4,500 table grape varieties, 
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more than 1,200 varieties with combined characteristics (both table and wine), 

around 110 raisin varieties, and close to 1,400 rootstock varieties. A 

considerable number of leading varieties in grapevine production worldwide are 

relatively new, developed through breeding programs. Various grapevine 

breeding methods have led to the development of numerous new varieties that 

have contributed to a significant increase in yields while maintaining or 

improving grape quality, as well as enhancing the resistance of many varieties 

to adverse environmental factors (Nikolić, 2015). 

The primary goal of grapevine breeding is to obtain new, high-yielding and 

high-quality varieties with complex resistance, differing in use and ripening 

time (Nikolić et al., 2017). The evaluation of promising genotypes represents a 

crucial part of grapevine breeding work. Such evaluations are intended to 

determine whether breeding goals have been achieved and which newly 

developed varieties and rootstocks are best suited to the natural, agrotechnical, 

and economic conditions of specific viticultural regions (Radojević et al., 2017). 

In Bosnia and Herzegovina, grapevine cultivation is traditionally associated 

with the production area of Herzegovina. According to literature sources (Beljo 

et al., 2017), a significant number of autochthonous grapevine varieties have 

been recorded in Herzegovina. Blatina is an indigenous grapevine variety of 

Bosnia and Herzegovina, primarily used for red wine production (Blesić, 2001). 

Blatina has a functionally female flower type, which greatly affects fruit set 

and, consequently, yield. 

Research conducted on the Blatina variety (Jovanović et al., 2022) clearly 

indicates that its reproductive characteristics contribute to morphological 

sterility. Therefore, successful fertilization and fruiting require cultivation 

alongside other varieties that serve as pollinizers. The mechanical composition 

of the bunch and berry (as well as other characteristics) in Blatina may be 

significantly influenced by the pollinizer, i.e., the pollen donor. Blatina 

possesses all the desirable traits of productivity, grape quality, and wine quality; 

however, its main biological drawback lies in its female flower type. Thus, the 

primary objective of breeders is to retain all favorable traits of this variety, 

while introducing the gene responsible for a hermaphroditic (self-fertile) flower 

type in order to eliminate its reproductive limitation. 

In a planned hybridization program conducted between 2015 and 2017, the 

following varieties were used as donors of the hermaphroditic flower trait: 

Vranac, Ţilavka, Trnjak, and Alicante Bouschet. The aim of this study is to 

monitor the bunch characteristics of the Blatina × Vranac and Blatina × Trnjak 

seedlings in their third year of cultivation, originating from the 2016 crossing, in 

order to assess their potential for further propagation and recommendation for 

recognition as a new variety. 
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Material and methods  

 

The experimental vineyard was established in the spring of 2020 using 

seedlings produced under laboratory conditions at the Faculty of Agriculture. It 

is located at the Experimental and Educational Center of the Faculty of 

Agriculture in Aleksandrovac. During the preceding period, a series of 

agrotechnical and ampelotechnical practices were applied, resulting in the initial 

fruit-bearing capacity of the seedlings. 

In September 2023, grape samples were collected from seedlings derived 

from different hybrid combinations. The ampelographic characterization of the 

grape clusters was conducted at the Laboratory for Ampelography and Enology 

of the Faculty of Agriculture, University of Banja Luka (UNIBL). 

The agro-technological evaluation of the seedlings from the combinations 

Blatina × Vranac and Blatina × Trnjak was carried out through analysis of 

basic grape characteristics (mechanical composition of the cluster and berry) 

and must quality (sugar and acid content). Elements of the mechanical 

composition of the cluster and berry were assessed according to the 

methodology of Prostoserdov (1946). 

Physico-chemical analyses included the determination of soluble solids 

content in the must (% Brix) using a refractometer (ATAGOPAL-3, Japan), and 

total titratable acidity (g/L) via titration of prepared must samples with 0.1 M 

NaOH, in accordance with the methods prescribed by the International 

Organisation of Vine and Wine (OIV). 

 

Results and discussion 

 

The results of the study regarding cluster mass of the observed seedlings 

from the Blatina × Vranac and Blatina × Trnjak combinations are presented in 

Table 1. 

Based on the data presented in Table 1, it can be concluded that cluster mass 

in the Blatina × Vranac progeny varied significantly, ranging from 118.51 g per 

vine (1/95) to 339.87 g per vine (1/71). In the Blatina × Trnjak combination, 

cluster mass ranged from 112.83 g per vine (2/16) to 301.71 g per vine (2/30). 

According to the study by Tarailo et al. (1998), cluster mass in genotypes from 

the Blatina × Vranac cross ranged from 395.2 to 425.5 g. 

Analyzing the average values, it was observed that the Blatina × Trnjak 

combination exhibited a higher mean cluster mass (189.94 g) compared to the 

Blatina × Vranac combination. Based on the average cluster mass values for 

both combinations, and according to OIV Descriptor No. 502, the clusters fall 

into the category of small-sized bunches (score 3). 
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Table 1. Cluster characteristics – cluster mass of seedlings 

Blatina × Vranac Cluster mass 

(g) 

Blatina × Trnjak Cluster mass 

(g) 

1/4 218.77 2/10 132.54 

1/13 155.65 2/16 112.83 

1/51 153.67 2/25 130.54 

1/56 142.20 2/30 301.71 

1/71 339.87 2/33 168.37 

1/75 162.99 2/35 267.58 

1/78 202.67 2/116 215.99 

1/79 128.45 - - 

1/95 118.51 - - 

1/109 157.68 - - 

1/115 143.93 - - 

Average 174.94  189.94 

 

The main component of the grape cluster is the berry, which, as the fruit of 

the grapevine, is used either for fresh consumption, drying, or processing into 

wine and other products. The number of berries per cluster varies and is 

considered a cultivar-specific trait. The results of the berry count per cluster for 

the evaluated seedlings are presented in Table 2. 

 
Table 2. Cluster characteristics – number of berries per cluster in seedlings 

Blatina × Vranac Number of berries Blatina × Trnjak Number of berries 

1/4 71.00 2/10 24.00 

1/13 72,00 2/16 49.00 

1/51 62.00 2/25 50.00 

1/56 57.00 2/30 159.00 

1/71 102.00 2/33 74.00 

1/75 112.00 2/35 96.00 

1/78 71.00 2/116 87.00 

1/79 40.00 - - 

1/95 63.00 - - 

1/109 69.00 - - 

1/115 74.00 - - 

Average 72.09  77.0 

 

Based on the data presented in Table 2, it can be concluded that in the 

Blatina × Vranac combination, the average number of berries per cluster in 

seedlings varied, ranging from 40 (1/79) to 112 (1/75). In the Blatina × Trnjak 

combination, the average number of berries per cluster ranged from 24 (2/10) to 

159 (2/30). According to the average berry number values for both 

combinations, and in line with OIV Descriptor No. 205, the clusters fall into the 
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category characterized by a low number of berries (score 3). The results of the 

analysis of the mass of 100 berries in the evaluated seedlings are presented in 

Table 3. 

 

  
Figure 1. Photograph of seedlings 1/75 (left) and 2/30 (right) shortly before harvest 

 

 
Table 3. Cluster characteristics – mass of 100 berries per cluster in seedlings 

Blatina × Vranac Mass of 100 

berries (g) 

Blatina × Trnjak Mass of 100 

berries (g) 

1/4 336.80 2/10 396.80 

1/13 257.90 2/16 301.00 

1/51 290.10 2/25 289.90 

1/56 297.40 2/30 266.70 

1/71 357.00 2/33 261.00 

1/75 208.60 2/35 294.40 

1/78 319.40 2/116 291.70 

1/79 379.40 - - 

1/95 241.40 - - 

1/109 318.50 - - 

1/115 235.30 - - 

Average 294.71  300.21 

 

In the Blatina × Vranac combination, the average mass of 100 berries per 

seedling varied from 208.60 g (1/75) to 379.40 g (1/79). In the Blatina × Trnjak 

combination, the average mass of 100 berries ranged from 261.00 g (2/33) to 

396.80 g (2/10). According to Tarailo et al. (1998), the individual berry mass in 
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the Blatina × Vranac cross ranged between 3.20 and 3.40 g. Several methods 

can be used to determine average berry mass, including measuring berry length 

and width, or directly measuring berry weight. For this analysis, 100 berries 

were sampled from clusters of seedlings in both the Blatina × Vranac and 

Blatina × Trnjak combinations. Based on the obtained values and according to 

OIV Descriptor No. 503, the berries fall into the category of small to medium-

sized berries (score 3–5). The results of the analysis of the number of seeds in 

100 berries per cluster of the evaluated seedlings are presented in Table 4. 

Based on Table 4, it can be concluded that in the Blatina × Vranac 

combination, the number of seeds in 100 berries ranged from 220 (1/56) to 350 

(1/79). In the Blatina × Trnjak combination, this number ranged from 170 

(2/16) to 360 (2/30). 

 
Table 4. Cluster characteristics – number of seeds in 100 berries per cluster in seedlings 

Blatina × Vranac Number of seeds 

in 100 berries 

Blatina × Trnjak Number of seeds 

in 100 berries 

1/4 230.00 2/10 180.00 

1/13 260.00 2/16 170.00 

1/51 300.00 2/25 290.00 

1/56 220.00 2/30 360.00 

1/71 290.00 2/33 250.00 

1/75 250..00 2/35 200.00 

1/78 270.00 2/116 250.00 

1/79 350.00 - - 

1/95 230.00 - - 

1/109 300.00 - - 

1/115 320.00 - - 

Average 274.54  242.86 

 

The total sugar content in grape must primarily consists of glucose and 

fructose. In fully ripened grapes, the must typically contains approximately 

equal amounts of these two sugars. In under-ripe grapes, glucose predominates, 

while in overripe grapes, the fructose content is higher (Blesić, 2001). 

The quality characteristics of grape must from the evaluated seedlings are 

presented in Table 5. 

In the Blatina × Vranac combination, the sugar content (% Brix) in the 

seedlings varied from 16.0% (1/75) to 20.8% (1/4). In the Blatina × Trnjak 

combination, sugar content ranged from 16.1% (2/35) to 20.1% (2/16).  

Based on the average values for each combination, it can be concluded that 

the Blatina × Trnjak seedlings had a slightly higher mean sugar content 

(18.07%) compared to the Blatina × Vranac combination (17.98%). According 
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to OIV Descriptor No. 505, these sugar concentrations fall into the category of 

low to medium sugar content in grape must (score 3–5).  

 
Table 5. Grape quality – sugar content (°Brix) and total acidity (g/L) 

Blatina ×  

Vranac 

Total sugar 

content 

(°Brix) 

Total 

acidity 

(g/L) 

Blatina ×  

Trnjak 

Total sugar 

content 

(°Brix) 

Total 

acidity 

(g/L) 

1/4 20.8 6.88 2/10 19.7 7.96 

1/13 16.4 8.31 2/16 20.1 6.76 

1/51 17.3 8,33 2/25 19.8 7.45 

1/56 18.9 7.63 2/30 17.4 8.09 

1/71 17.6 7.15 2/33 16.4 8.53 

1/75 16.0 8.74 2/35 16.1 8.85 

1/78 18.2 7.89 2/116 17.0 7.60 

1/79 19.9 6.81    

1/95 18.3 7.92    

1/109 17.1 8.00    

1/115 17.3 8.28    

Average 17.98 7.81  18.07 7.89 

 

The total acidity in the Blatina × Vranac seedlings varied from 6.81 g/L 

(1/79) to 8.74 g/L (1/75), while in the Blatina × Trnjak combination, total 

acidity ranged from 7.45 g/L (2/25) to 8.85 g/L (2/35). According to OIV 

Descriptor No. 506, these values correspond to musts with medium to high total 

acidity (score 5–7). The total sugar content in must varies widely and depends 

on the grapevine variety, weather conditions during the ripening period, and 

applied agrotechnical practices. According to Tarailo et al. (1998), in the 

Blatina × Vranac combination, sugar content in the evaluated genotypes ranged 

from 17.20% to 19.20%, while total acidity ranged from 6.63 to 10.61 g/L. 

The results of this study, which analyzed cluster characteristics of seedlings 

that fruited for the first time in the third year after planting, as well as the 

identification of certain genotypes—particularly those with hermaphroditic 

flower type and higher cluster mass—indicate the need for continued 

evaluation. Promising seedlings should be propagated by grafting onto suitable 

rootstocks and further assessed with the aim of developing new genotypes. 
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Abstract: The aim of this study was to investigate the effect of drying 

temperature on the content of selected bioactive compounds and antioxidant 

activity of pumpkin (Cucurbita pepo). Samples were analyzed fresh and after 

drying at 40 °C and 60 °C. Pigment content (chlorophylls and carotenoids), total 

polyphenols, flavonoids, and antioxidant activity were determined using 

spectrophotometric methods. The results showed a decrease in chlorophyll a and 

b with increasing temperature, while carotenoids increased significantly, reaching 

the highest value at 60 °C. Both polyphenol and flavonoid contents were 

positively correlated with temperature, with the highest concentrations observed 

in the sample dried at 60 °C. Antioxidant activity followed a similar trend, 

increasing from 56.2% in fresh pumpkin to 68.5% in the sample dried at 60 °C. 

These findings suggest that drying, particularly at higher temperatures, can 

enhance the nutritional and functional quality of pumpkin by improving the 

availability of bioactive compounds. The study highlights the potential of dried 

pumpkin as a valuable ingredient in the development of functional foods and 

dietary supplements.  

 

Key words: Cucurbita pepo, drying temperature, polyphenols, flavonoids, 

antioxidant activity. 

 

 

Introduction  
 

Pumpkin (Cucurbita pepo L.) is a widely cultivated vegetable belonging to 

the Cucurbitaceae family. It is native to North and Central America but is now 

grown globally due to its adaptability to various climatic conditions and 

relatively low cultivation requirements. Pumpkins thrive in warm climates with 
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well-drained, fertile soil and are typically harvested in late summer or early 

autumn. Beyond their traditional culinary use, pumpkins have garnered 

increasing interest in recent years due to their nutritional and phytochemical 

composition (Gavril et al., 2024). 

Pumpkin is recognized as a nutritionally rich food source, containing a 

diverse range of bioactive compounds that contribute to its health-promoting 

properties. These include polysaccharides, carotenoids, vitamins (such as 

provitamin A and vitamin E), and, notably, polyphenolic compounds. Among 

polyphenols, flavonoids are of particular interest due to their potent antioxidant, 

anti-inflammatory, and anti-carcinogenic properties (Borecka and Karas, 2025). 

The antioxidant capacity of pumpkin is attributed largely to these bioactive 

constituents, which can neutralize reactive oxygen species and potentially 

reduce the risk of chronic diseases such as cardiovascular disorders, diabetes, 

and certain cancers (Alvarez-Leite, 2025). 

Given its favorable nutritional profile and functional properties, Cucurbita 

pepo holds significant potential for application in the food and nutraceutical 

industries (Cvetković et al., 2021). Dried pumpkin, in particular, offers an 

extended shelf life and versatility in product development, including snacks, 

powders, supplements, and functional ingredients. However, the processing 

methods applied, especially drying temperature, may markedly influence the 

retention and stability of its bioactive compounds. 

The aim of this study is to investigate the impact of different drying 

temperatures on the content of total polyphenols and flavonoids, as well as on 

the antioxidant activity of pumpkin (Cucurbita pepo). By evaluating how 

thermal processing affects these valuable phytochemicals, this research seeks to 

provide insights into optimizing drying conditions to preserve the functional 

quality of pumpkin-based products. 

 

Material and methods  

 

Reagents and standards 

Reagents used in following methods were: ethanol, distilled water, Folin-

Ciocalteu reagent, 7.5% sodium carbonate, 5% sodium nitrite, 10% aluminium 

chloride, DPPH radical (2,2-diphenyl-1-picrylhydraziyl). Standards used for 

examination of bioactive compounds spectrophotometrically were: gallic acid 

(GA, IUPAC name: 3,4,5-trihydroxybenzoic acid) and quercetin (Q, IUPAC 

name: 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one).  

 

Sample preparation 

In order to determine the content of selected phytochemicals (pigments, 

polyphenols, and flavonoids), it was first necessary to perform the extraction of 
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pumpkin samples. Precisely 1 g of each sample, fresh and dried at 40°C and 

60°C, was accurately weighed using an analytical balance. The samples were 

transferred into three pre-labeled cuvettes, each containing 15 mL of ethanol as 

the extraction solvent. 

The extraction was carried out using a laboratory shaker for approximately 

one hour. After shaking, the samples were centrifuged and filtered using filter 

paper to separate the liquid and solid phases. The solid residue was subjected to 

a second extraction by adding another 15 mL of ethanol and repeating the same 

procedure. Following the extraction, the liquid fraction was transferred to a 

balloon and evaporated under a vacuum to a volume of approximately 1 mL. 

After the evaporation, the extraxts were quantitatively transferred to the cuvette 

and 9 mL of extraction solvent was added with final volumes of 10 mL. 

 

Determination of pigment content 

To determine the content of pigments (chlorophyll A, chlorophyll B, and 

total carotenoids), the pumpkin extracts obtained through the previously 

described procedure were used. The analysis was performed 

spectrophotometrically by measuring absorbance at wavelengths of 470, 653, 

and 666 nm. The concentrations of the pigments were calculated using the 

following equations: 

Chlorophyll a = 16.72 × A666 – 9.16 × A653 

Chlorophyll b = 34.09 × A653 – 15.28 × A666 

Carotenoids = (1000 A470 –1.63×chlorophyll a–104.96×chlorophyll b)/ 221 

 

Determination of total free phenolic content 

The total extractable (free) polyphenol content (TPC) in the samples was 

determined using the Folin–Ciocalteu method, as described by Jaćimović et al. 

(2022). In brief, 0.5 mL of the prepared extract was mixed with 30 mL of 

distilled water, followed by the addition of 2.5 mL of Folin–Ciocalteu reagent 

and 7.5 mL of 7.5% sodium carbonate (Na₂CO₃) solution. The mixture was left 

in the dark for 60 minutes, allowing the formation of a characteristic blue 

coloration. Absorbance was then measured at 725 nm using a 

spectrophotometer. Results were expressed as micrograms of gallic acid 

equivalents (GAE) per gram of sample (µg GAE g
-1

). 

 

Determination of total free flavonoids content 

The flavonoid content in the extracts was determined using the standard 

aluminum chloride colorimetric method, as described by Jaćimović et al. 

(2022). For sample preparation, 0.5 mL of the extract was mixed with 2 mL of 

distilled water, followed by the addition of 150 μL of 5% sodium nitrite 

(NaNO₂) and 150 μL of 10% aluminum chloride (AlCl₃) solution. The mixture 
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was incubated in the dark for 30 minutes to allow the reaction to occur. 

Subsequently, the absorbance was measured at 510 nm using a 

spectrophotometer. The results were expressed as micrograms of quercetin 

equivalents per gram of sample (µg QE g
-1

). 

 

DPPH radical scavenging assay 

The antioxidant activity of the samples was evaluated using the DPPH free 

radical scavenging method, as described by Jaćimović et al. (2022). Briefly, 100 

μL of each extract was added to 4 mL of a 150 µM DPPH solution. The mixture 

was incubated in the dark at room temperature for approximately 30 minutes. 

Following incubation, absorbance was measured at 515 nm using a 

spectrophotometer. The radical scavenging activity was calculated using the 

following formula: 

% inhibition = [(Аcontrol – Аsample) / Аcontrol] × 100 

 

Results and discussion 

 

Total pigments content 

The results of pigment analysis revealed significant differences in the levels 

of chlorophyll a, chlorophyll b, and carotenoids between fresh and thermally 

processed pumpkin samples (Table 1). As expected, thermal drying led to a 

notable decrease in chlorophyll content, while carotenoid concentrations 

increased markedly with higher drying temperatures. 

 
Table 1. Total pigments in analyzed samples  

Sample 
Chlorophyll a 

(µg g
-1

) 

Chlorophyll b 

(µg g
-1

) 

Carotenoids 

(µg g
-1

) 

Fresh 1.74 3.81 6.26 

Dried (40 °C) 1.31 2.89 34.09 

Dried (60 °C) 0.51 1.01 61.98 

 

Fresh pumpkin samples contained the highest concentrations of chlorophyll 

a (1.74 µg g
-1

) and chlorophyll b (3.81 µg g
-1

), indicating that minimal pigment 

degradation had occurred. In contrast, samples dried at 40 °C and 60 °C 

exhibited a progressive decline in both chlorophyll types. At 60 °C, chlorophyll 

a and b dropped to 0.51 µg g
-1

 and 1.01 µg g
-1

, respectively. This reduction can 

be attributed to the thermolabile nature of chlorophyll molecules, which are 

susceptible to degradation under elevated temperatures and prolonged exposure 

to oxidative conditions (Mínguez-Mosquera et al., 1992). Moreover, heat-

induced enzymatic activity and breakdown of the chlorophyll-protein complex 

may also contribute to pigment loss during drying (Toledo and Singh, 2013). 
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Interestingly, the carotenoid content showed an opposite trend, increasing 

substantially with drying temperature. While fresh samples had a carotenoid 

concentration of 6.26 µg g
-1

, this value rose to 34.09 µg g
-1

 at 40 °C and peaked 

at 61.98 µg g
-1

 at 60 °C. This result suggests that thermal processing may 

enhance carotenoid extractability due to the breakdown of cellular matrices and 

the release of bound pigments, which are otherwise less accessible in fresh 

tissue (Demiray et al., 2017). Additionally, moderate thermal stress can lead to 

structural changes in chromoplasts, facilitating the liberation of carotenoids into 

the extraction solvent (Kidmose et al., 2002). The contrasting responses of 

chlorophylls and carotenoids to heat treatment highlight the importance of 

selecting appropriate drying conditions to optimize the retention of desired 

bioactive compounds in pumpkin-based products. 

 

Total free polyphenols and flavonoids content 

The results of total free polyphenols and flavonoid content are listed in Table 

2. The quantification of total extractable polyphenols and flavonoids in 

pumpkin samples revealed a positive correlation between drying temperature 

and the concentration of these bioactive compounds (Table 2). Both polyphenol 

and flavonoid content increased progressively with the rise in drying 

temperature, suggesting that thermal processing enhanced the extractability or 

release of these phytochemicals. 

 
Table 2. Polyphenols and flavonoids content in analyzed samples 

Sample 
Polyphenols 

(µg GAE g
-1

) 

Flavonoids 

(µg QE g
-1

) 

Fresh 30.05 ± 1.50 6.77 ± 0.21 

Dried (40 °C) 48.20 ± 1.89 11.82 ± 1.11 

Dried (60 °C) 60.71 ± 4.16 13.70 ± 0.01 

 

In fresh pumpkin, the content of total polyphenols was 30.05 ± 1.50 µg GAE 

g
-1

, while the flavonoid content was 6.77 ± 0.21 µg QE g
-1

. Drying at 40 °C led 

to an increase in polyphenol content to 48.20 ± 1.89 µg GAE g
-1

 and in 

flavonoid content to 11.82 ± 1.11 µg QE g
-1

. The highest values were observed 

in samples dried at 60 °C, where polyphenols reached 60.71 ± 4.16 µg GAE g
-1

 

and flavonoids 13.70 ± 0.01 µg QE g
-1

. 

These results indicate that thermal processing promotes the release of bound 

phenolic and flavonoid compounds, possibly due to structural breakdown of the 

cell walls and denaturation of proteins that otherwise complex with these 

molecules. Additionally, moderate heat treatment may inactivate oxidative 

enzymes such as polyphenol oxidase and peroxidase, which can otherwise 
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degrade phenolic compounds in fresh tissue (Deng et al., 2013; Sharma et al., 

2015). 

The observed increase in flavonoids with temperature is particularly notable, 

as these compounds are often considered heat-sensitive. However, several 

studies have shown that certain flavonoid glycosides may be stabilized or even 

formed through heat-induced transformation of precursor compounds during 

drying (Caleja et al., 2017). Moreover, ethanol used as the extraction solvent is 

effective in releasing flavonoid aglycones, which could contribute to the 

observed rise in flavonoid content. 

Overall, the data suggest that controlled drying, particularly at higher 

temperatures like 60 °C, may enhance the nutritional and functional quality of 

pumpkin by increasing its content of health-beneficial phenolic compounds.  

 

Antioxidant activity determination 

The antioxidant activity of pumpkin extracts, as determined by the DPPH 

radical scavenging assay, demonstrated a clear enhancement with increasing 

drying temperature (Table 3). The fresh sample exhibited an inhibition rate of 

56.2 ± 2.6%, while the activity increased to 63.4 ± 3.0% in the sample dried at 

40 °C, and peaked at 68.5 ± 2.8% in the sample dried at 60 °C. 

 
Table 3. DPPH radical scavenging activity 

Sample % inhibition 

Fresh 56.2 ± 2.6 

Dried (40 °C) 63.4 ± 3.0 

Dried (60 °C) 68.5 ± 2.8 

 

This progressive increase in antioxidant potential is consistent with the 

elevated concentrations of polyphenols and flavonoids observed in the dried 

samples. As both classes of compounds are known for their potent free radical 

scavenging abilities, their enhanced presence likely contributed to the improved 

antioxidant activity. Polyphenols, in particular, can donate hydrogen atoms or 

electrons to neutralize DPPH radicals, thereby reducing oxidative stress in vitro 

(Prior et al., 2005). 

In addition to the increased content of phenolic compounds, thermal 

treatment may also facilitate the formation of novel antioxidant compounds or 

the release of antioxidant-active aglycones from bound forms, further enhancing 

activity (Sharma et al., 2015). Furthermore, the inactivation of oxidative 

enzymes during drying could prevent the degradation of antioxidant 

constituents, contributing to their higher retention in processed samples. 

These findings suggest that moderate thermal processing not only preserves 

but potentially enhances the antioxidant properties of pumpkin (Cucurbita 



 

 

Lazar Mijatović                                                      XIV Conference of Agronomy Students 

128 

pepo), making it a promising candidate for use in functional foods and 

nutraceutical applications. However, it is important to balance thermal exposure 

to avoid degradation of more heat-sensitive bioactives, highlighting the need for 

careful optimization of drying parameters in processing protocols. 

 

Conclusion 

 

This study demonstrated that drying temperature significantly influences the 

content of bioactive compounds and antioxidant activity in pumpkin (Cucurbita 

pepo). The results showed that thermal processing enhances the extractability of 

polyphenols and flavonoids, with the highest concentrations observed in 

samples dried at 60 °C. Similarly, antioxidant activity increased with drying 

temperature, reflecting the elevated levels of these bioactive compounds. In 

contrast to the decrease in chlorophyll content with drying, the concentration of 

carotenoids increased, indicating that different classes of phytochemicals 

respond uniquely to thermal treatment.  

These results suggest that controlled drying, especially at 60 °C, can enhance 

the functional properties of pumpkin and support its use in food and 

nutraceutical products. 
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Abstract: This study investigated the potential of chitosan/sodium 

alginate/calcium carbonate (CTS/SA/CaCO3) hydrogels as copper (Cu
2+

) ion 

carriers for the enhancement of Brassica juncea (Indian mustard) nutrition. Four 

hydrogel formulations (H1-H4) were synthesized with varying monomers and 

CaCO3 ratios and assessed for their copper ion binding capacity and effects on 

plant growth and physiology. The results revealed that increased CaCO3 content 

improved hydrogel stability but reduced Cu
2+ 

uptake. Conversely, formulations 

with lower CaCO3 showed higher Cu
2+ 

loading but compromised mechanical 

integrity. Greenhouse cultivation of B. juncea indicated that moderate copper 

levels, determined in H2 sample, enhanced leaf area and photosynthetic pigments 

content. However, excessive Cu
2+

 levels, as in H3 sample, led to reduced 

pigments concentration, suggesting possible copper-induced oxidative stress. 

These findings support the application of CTS/SA/CaCO3 hydrogels as 

controlled-release carriers of micronutrients in sustainable agriculture. 

 

Key words: hydrogel, copper, Indian mustard, oxidative stress. 

 

 

Introduction  
 

Soil and water pollution caused by potentially toxic elements (PTEs) is 

becoming one of the biggest problems in modern agriculture, especially because 

of their longevity and toxicity. Copper (Cu) is one of the most common PTE in 

nature that is introduced in populated environments through industrial 

wastewater and extreme overdoses of pesticides and fertilizers. Although it is 

necessary and useful in small dosages for the successful growth and 

development of plants, copper can seriously damage physiological processes, 

cause oxidative stress, and slow down growth - when found in larger quantities 

(Yruela, 2005). It is reported that Cu plays crucial role in plant nitrogen 
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metabolism (Wen et al., 2024). Besides, copper can improve growth and plant 

development, both in ionic and nanoparticle form. The effects are not 

unambiguous: low concentrations can induce photosynthesis and metabolic 

activities, but higher dosages can damage cellular membranes, reduce 

absorption ability and inhibit enzymes that metabolise nitrogen (Ouzounidou, 

1995; Zhao et al., 2024). It exhibits beneficial role in Brassica plants with dose 

up to 0.02 mg/L while dose of 0.27 mg/L inhibits growth (Wen et al., 2024). 

In recent years, hydrogels based on natural polymers, including chitosan 

(CTS) and sodium alginate (SA), have been frequently used as efficient, 

biodegradable materials for the removal of PTEs from the environment. Their 

structure is drastically improved in combination with Ca ions, which 

strengthens the physical hydrogel web, increases mechanical resistance and 

metal ion binding capacity (Tang et al., 2020). 

Therefore, the aim of research was to conduct a preliminary examination on 

how different formulations of hydrogels based on CTS/SA/CaCO3 influence the 

ability to bind copper ions, but also the growth of Indian mustard (Brassica 

juncea) plant exposed to Cu-micronutrition. The goal was to, apart from the 

analysis of the efficiency of removing Cu
2+

 from the solution, also look at the 

potential application of these hydrogels as controlled carriers of microelements 

in the soil applicable for plant nutrition. 

 

Material and methods  

 

Chemicals  used  

Sodium alginate (SA) and chitosan (CTS) were obtained from Sigma 

Aldrich (St. Louis, MO, USA). Calcium carbonate (CaCO3) was sourced from 

Alkaloid, Skoplje (North Macedonia). Acetic acid, acetone and copper(II) 

sulphate pentahydrate (CuSO4·5H2O) were purchased from Zorka Šabac 

(Serbia). All reagents were of analytical grade. 

 

Preparation of hydrogels 

The preparation method employed represents a modified version of the 

protocol described by Tang et al. (2020). Different amounts of CaCO3 and 50 

mL of deionized water were added into a flask under stirring. SA was then 

added into the flask, and stirred until it was dissolved. CTS was added to the SA 

solution and stirred until CTS was uniformly dispersed to form a slurry-like 

mixture. Four hydrogels (H) were prepared by varying the mass ratios of 

CaCO3, SA and CTS as shown in Table 1. The total content of SA and CTS was 

mixed for 30 min at ambient temperature. The slurry was poured into Petri 

dishes (depth: 1 cm), which were put in a sealed plastic box containing 500 mL 

of acetic acid that allowed to subject to sol–gel transition for 24 h at room 

https://pubmed.ncbi.nlm.nih.gov/39893945/
https://pubmed.ncbi.nlm.nih.gov/39385989/
https://ui.adsabs.harvard.edu/abs/2020ChEnJ.39324728T/abstract
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temperature. Following gelation, the hydrogels were demolded and thoroughly 

rinsed with deionized water (24 h) to remove residual acetic acid and non-

dissolved/unreacted components.  
 

Table 1. Mass values of the ingredients in the recipe (g). 

Sample CaCO3 (g) Chitosan (g) Sodium alginate (g) 

H1 

H2 

H3 

H4 

0.500 

0.500 

0.025 

0.100 

0.375 0.625 

0.500 

0.625 

0.500 

0.500 

0.375 

0.500 

 

Loading of hydrogels with copper (Cu
2+

) ions 

Loading was achieved by immersing each of the four prepared hydrogel 

samples in 0.05M CuSO4 solution (Kostić et al., 2007). Hydrogels were sealed 

in flasks with a certain amount of Cu
2+

 ions for 24 h. Upon completion, the 

hydrogels were removed from the flasks and the remaining liquid was used for 

spectrophotometrical determination of non-bounded Cu
2+

 amount. For that 

purpose, 2.5 mL of Cu
2+

 aliquots were diluted with 5 mL of deionized water. 

After 5 min, 2.5 mL of dilluted ammonia solution (v/v = 1/1) was added to each 

flask. Flasks were stirred and left to stabilize for 5 min and diluted with 

deionized water up to the final volume (25 mL). The resulting solution was then 

used for the UV-Vis determination of bound Cu
2+

 amount by reading 

absorbance at 615 nm (Guspita and Ulianas, 2020). Each hydrogel-treated 

solution was compared to the control sample (starting 0.05 M CuSO4 solution) 

to assess the extent of copper ion loading. 

 

Cultivation of Brassica juncea enriched with hydrogel samples 

B. juncea seeds were planted in plastic pots at a depth of 2 cm. Each pot was 

labeled according to the hydrogel formulation used: H0 (control), H1, H2, H3, 

and H4, corresponding to the compositions listed in Table 1. Previously 

mentioned hydrogel samples were uniformly cut and sown at a depth of 4 cm. 

The experiment was conducted in a greenhouse at the Faculty of Agriculture, 

University of Belgrade, Serbia, where B. juncea cultivar Frizzy Joe plants were 

grown in plastic pots. Each tray was filled with Domoflor Mix 20, a growing 

substrate tailored for leafy vegetables, composed of white peat screened to 20 

mm particle size, with a pH range between 5.5 and 6.5. The seeds of Indian 

mustard were obtained by Hild Samen GmbH, and were sown on the 1
st
 of 

April. All plants were cultivated in a greenhouse for a period of six weeks under 

controlled conditions. Harvest was done on the 16
th
 of May. Illustration of 

grown plants is given in Figure 1. 
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Figure 1. B. Juncea plants after 6 weeks of growth 

 

Analyses of B. juncea morphology and pigments content 

 

Analysis of productivity traits 

The total leaf area was measured using ImageJ software, based on digital 

images of the leaves. The analysis was performed in triplicates, with each 

replicate representing one container. Measurements were conducted separately 

for each treatment, depending on the copper concentration in the applied 

hydrogels. In addition to leaf area, the number of leaves per container was also 

recorded and used as an additional indicator of productivity. 

 

Pigments content 

In order to determine the preliminary impact of Cu
2+

 ions on chemical 

parameters and physiological response of B. juncea plant, content of 

photosynthetic pigments (chlorophylls a and b and total carotenoids) was 

determined in acetonic (80%) extracts according to previously described 

method and equations used for calculations based on absorbances determined at 

the following wavelengths: 450 nm, 646 nm and 663 nm (Gordanić et al., 

2022). 

 

Statistical analysis 
Statistical analysis of morphological productivity traits and pigment 

concentration was conducted using IBM SPSS Statistics v23. For total leaf area 

and pigment analysis, the assumptions of normality and homogeneity of 

variances were satisfied, and a one-way ANOVA was performed. Group 

differences were further examined using the Tukey HSD post hoc test. 

Statistical significance was set at p < 0.05. In contrast, the assumptions were not 

met for the analysis of the number of leaves, so a nonparametric approach 

(Kruskal–Wallis test) was employed. 
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Results and discussion 

 

Effect of CaCO3/CTS/SA Mass Ratios on Hydrogel Stability and Cu(II) 

Ion Uptake 

Testing with different mass variations of CaCO3, SA, and CTS has proven to 

give different stabilities of hydrogels, along with different Cu(II) ion addition 

capacities. Change of CaCO3 mass content hade the greatest impact on the 

hydrogel's structural integrity. Increased CaCO3 content enhanced the structural 

integrity of the hydrogels, but reduced the capacity for Cu(II) ion binding. 

Conversely, formulations with lower CaCO3 content exhibited higher copper 

uptake, but had suffered from significantly diminished mechanical stability. The 

relative mass of Cu(II) ions immobilized within each hydrogel formulation was 

quantified by comparing the residual Cu(II) concentrations in the treatment 

solutions compared to the control (Figure 2). These results confirm the inverse 

relationship between Ca content and copper ion crosslinking efficiency. The 

Cu
2+

 content loaded in hydrogel samples was in range from 8.43 (H-1) to 19.46 

(H-3) mg/g which was in accordance with differences in CaCO3 content. 
 

 
Figure 2. Appearance of (un)loaded hydrogels and amount of  Cu

2+
 ions. 

 

Morphological productivity traits of B. juncea grown under different 

hydrogel treatments 

Results for morphological parameters of control and B. juncea plants treated 

with Cu loaded hydrogels are presented in Table 2. Despite variations in the 

copper content, the hydrogel H2 and the control (H0) samples exhibited the 

largest leaf areas. With the highest Cu
2+

 adsorption, the lowest leaf surface area 

was achieved by treatment with H3, suggesting possible phytotoxic effects at 

high levels of copper ions as suggested in the literature (Wen et al., 2024). 
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Table 2. Morphological productivity traits of B. juncea grown under different hydrogel 

treatments. 

Sample Total leaf area (cm
2
) 

Average numbers of 

leaves 

H0 55.52 ± 1.00
b,*

 3.25 ± 0.5
a
 

H1 43.71 ± 0.27
d
 3.00 ± 0.0

a
 

H2 56.74 ± 1.52
a
 2.75 ± 0.5

a
 

H3 41.19 ± 0.28
e
 2.75 ± 0.5

a
 

H4 50.63 ± 1.52
c
 3.25 ± 0.5

a
 

*Values are the means ± standard deviation; Different letters (a-e) in the same column 

indicate significant differences among treatments at p < 0.05. 

 

However, the most surprising result was that the leaf number was not 

statistically significantly different among treatments (p > 0.05), indicating that 

leaf growth in terms of number was not significantly affected by hydrogel 

composition and Cu nutrition. The result may indicate that the copper 

treatments influence the development of the leaf surface, contrary to the number 

of total developed leaves. 

In order to assess biomass development under Cu treatment B. juncea's 

photosynthetic pigments content has been determined (Table 3).  

 
Table 3. Pigments content in B.juncea leaves grown under different hydrogel treatments 

Sample 
Chlorophyll a (μg/g 

FW)* 

Chlorophyll b (μg/g 

FW) 
TCC (μg/g FW) 

H0 167.96 ± 0.87
e 

93.49 ± 0.61
c
 59.44 ± 0.29

c
 

H1 177.89 ± 0.34
b 

89.76 ± 0.16
d
 60.04 ± 0.11

b
 

H2 211.78 ± 0.51
a 

129.22 ± 0.22
a
 66.51 ± 0.17

a
 

H3 175.24 ± 0.41
c
 125.39 ± 0.21

b
 58.14 ± 0.10

d
 

H4 170.96 ± 0.26
d
 85.20 ± 0.21

e
 52.40 ± 0.10

e
 

*FW-fresh weight; TCC-total carotenoid content; Values are the means of three different 

measurements (n = 3) ± standard deviation; Different letters (a-e) in the same column indicate 

significant differences among treatments within assay at p < 0.05. 

 

It showed that the hydrogel treatments had a significant impact on the levels 

of total carotenoids and chlorophylls, indicating the physiological effects of 

different Cu
2+

 amount absorbed from the hydrogel matrix. The plants treated 

with the H2 hydrogel exhibited the highest content of total carotenoids (66.51 

μg/g FW), chlorophyll a (211.78 μg/g FW), and chlorophyll b (129.22 μg/g 

FW) among all treated groups. This suggests that moderate copper levels 

stimulate the biosynthesis of photosynthetic pigments. This is in agreement with 

literature report that copper nanoparticles enhance synthesis of photosyntetic 
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pigments and biomass in B. juncea (Perfileva et al., 2025). The obtained results 

are in line with earlier research that indicated copper, at ideal concentrations, as 

essential for the production of chlorophylls and important cofactor for enzymes 

that transport electrons during the process of photosynthesis (Yruela, 2005). The 

H3 treatment, which had the highest Cu²⁺ loaded content, resulted in a 

significant decline in pigments content, especially in total quantity of 

carotenoids, which implies that sufficient copper levels reduce pigment stability 

and lead to oxidative degradation caused by copper-induced phytotoxicity 

(Perfileva et al., 2025). 
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Abstract: The growing demand for non-dairy alternatives has led to the 

increased popularity of oat-based milk due to its nutritional profile, digestibility, 

and suitability for individuals with lactose intolerance or specific dietary 

preferences. This study aimed to evaluate the physicochemical and sensory 

characteristics of seven commercially available oat-based milk samples during 

short-term storage. Parameters assessed included pH, titratable acidity (TA), and 

overall sensory acceptability on days one and three of storage at 4 ± 1 °C. The pH 

values ranged from 6.22 to 7.04 on the first day and from 6.20 to 7.06 on the third 

day, showing minimal variation and indicating high pH stability. Titratable 

acidity ranged from 0.3 to 0.65 mL NaOH/100 mL, reflecting low acidity levels 

consistent with the mild flavor profile of oat-based drinks. Sensory evaluation 

was conducted using a 7-point hedonic scale by 20 semi-trained panellists. 

Results showed a notable variation in consumer preference, with Sample 7 rated 

highest (4.93) and Sample 4 lowest (3.87). These findings offer insights into the 

quality and acceptability of oat-based beverages, contributing to product 

development and formulation strategies in the plant-based milk industry. 

 

Key words: Oat-milk, beverages, non-dairy products 

 

 

Introduction  

 

For many years, cow‘s milk has been a fundamental component of human 

nutrition. However, since 2012, its consumption has been steadily declining, 

primarily because it is not easily digested or absorbed by everyone. 

Consequently, consumer interest in plant-based alternatives has grown 
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significantly, with the demand for non-dairy beverages increasing by 61% since 

2012 (Reyes-Jurado et al., 2021). Non-dairy milk alternatives—such as 

soymilk, coconut milk, almond milk, millet milk, rice milk, and oat milk—have 

gained popularity due to their favourable functional properties. These cereal and 

grain-based aqueous extracts are naturally free of cholesterol and lactose, 

making them suitable for health-conscious individuals and those with lactose 

intolerance (Dhavalagi et al., 2022). In the formulation of plant-based milk 

alternatives, the selection of ingredients is crucial to achieving desirable 

functional and nutritional attributes. Additionally, water quality plays a vital role, 

as water is the main component of these beverages (Reyes-Jurado et al., 2021). 

Oats (Avena sativa), belonging to the Poaceae family, have long been used 

in human nutrition, although currently, only about 6% of oat grain production is 

intended for direct human consumption. Oats are widely recognized for their 

therapeutic properties, primarily due to their high content of protein and dietary 

fiber, as well as their cholesterol-lowering effects. Nutritionally, oats are an 

excellent source of soluble fiber, especially β-glucans, along with alpha-

tocopherols, B vitamins, minerals, proteins, and unsaturated plant-based fats 

(Dhavalagi et al., 2022). 

Oat milk—produced by blending oats with water (typically at a 1:2 ratio) 

and filtering the mixture through muslin cloth—is lactose-free and rich in 

minerals and phytochemicals that may provide protection against cardiovascular 

disease and cancer. It is widely available in global markets and currently ranks 

as the second most popular plant-based milk in Europe. Oat milk is particularly 

suitable for individuals with milk protein allergies, lactose intolerance, or those 

adhering to plant-based or special dietary regimens. Oats have recently attracted 

increasing research and commercial interest due to their high nutritional and 

functional value. They are a rich source of vitamin E, including various tocols 

with antioxidant properties, phytic acid, phenolic acids, and avenanthramides. 

Additionally, their composition includes β-glucans, arabinoxylans, cellulose, 

proteins, unsaturated fatty acids, vitamins, antioxidants, phenolic compounds, 

and minerals, making them highly acceptable and beneficial in human diets 

(Dhavalagi et al., 2022). 

The aim of this study is to monitor the changes in pH values, titratable 

acidity, and sensory properties in seven different oat-based milk samples on the 

first and third day of storage. 

 

Material and methods  

 

Materials 

Seven different commercially available oat-based milk samples were used in 

this study. All samples were purchased from local markets and stored under 



 

 

Simona Uzhanovska                                               XIV Conference of Agronomy Students 

140 

refrigeration (4 ± 1 °C) until analysis. Each sample was analyzed in duplicate 

for physicochemical properties and subjected to sensory evaluation. On figure 1 

is presented oat-based milk samples used for this investigation. 

 

 
Figure 1. Oat-based milk used for analysis 

 

Methods 

pH Measurement 

The pH value of each oat-based milk sample was measured using a Pocket 

pH Meter ATC. Measurements were performed in duplicate at room 

temperature prior to conducting further analyses. 

 

Titratable Acidity 

Titratable acidity was determined according to the method described by 

Montemurro et al. (2023), by phenolphthalein as indicator and the mixture was 

titrated with 0.1 mol/L sodium hydroxide (NaOH) solution. The endpoint was 

determined visually by a stable pink color and verified with a pH meter to 

ensure accuracy, with pH 8.3 set as the titration endpoint. 

 

Sensory Evaluation 

Sensory analysis was carried out by a semi-trained panel (20 panellists) 

using a 7-point hedonic scale, where 1 indicated "extremely dislike" and 7 

indicated "extremely like." Each panelist evaluated all samples based on their 

overall acceptability. 

 

Results and discussion 

 

The pH value is an important indicator of the acidity or alkalinity of 

beverages and plays a critical role in determining microbial stability, shelf life, 

and sensory properties. In this study, the pH values of oat-based milk were 

measured on the first and third days of storage. The results ranged from 6.22 to 

7.04 on the first day and from 6.20 to 7.06 on the third day. Overall, a slight 

decrease in pH was observed by the third day, which may be attributed to 
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microbial activity or enzymatic changes affecting the acid-base balance of the 

samples. 

These findings are comparable to values reported in previous studies. 

According to Mäkinen et al. (2015), the pH of oat milk was 6.92 ± 0.22, while 

Jemaa et al. (2021) reported a value of 6.61 ± 0.9. The highest pH value 

observed in the present study (7.06) is slightly above the range reported by 

Mäkinen, but still close to neutral, while the lowest value (6.22) remains within 

the range indicated by Jemaa. The results confirm that the oat-based samples 

fall within the expected range for this type of beverage and that, despite short-

term storage, their pH stability remains relatively high. This suggests that the 

product maintains good quality under refrigerated conditions, with no signs of 

intense fermentation or microbial contamination. 
 

  
Figure 2. pH value of oat-based milk 

 

Titratable acidity (TA) is a key parameter used to assess the total acid 

content in food and beverage products. It is expressed as the volume of sodium 

hydroxide (NaOH, in mL) required neutralizing the acids present in a sample, 

and it provides a more comprehensive measure of acidity than pH alone, as it 

includes both dissociated and undissociated acids. In the case of oat-based milk, 

titratable acidity plays an important role in defining the organoleptic properties, 

microbial stability, and overall quality profile of the beverage. Figure 3 

illustrates the titratable acidity values of the oat-based milk samples evaluated 

in this study. The measured values ranged between 0.3 and 0.65 mL NaOH per 

100 mL of sample, indicating relatively low levels of acidity. These results are 

consistent with the mild and neutral flavor profile typically associated with oat-

based drinks. Low acidity is desirable in such plant-based alternatives, as it 
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aligns with consumer expectations for a smooth taste while also reducing the 

risk of spoilage due to acid-sensitive microorganisms. 

Similar results were reported in the study by Kowalska et al. (2022), where 

fermented commercial oat beverages showed an increase in titratable acidity 

from 0.07% to a range of 0.47% to 0.76% after 48 hours of fermentation. These 

values are comparable to our results, particularly in the samples with higher 

acidity measured on the third day. 
 

 
Figure 3. Titratable acidity of oat-based milk 

 

Sensory evaluation 

The sensory analysis of the oat-based milk samples was carried out with the 

aim of evaluating overall consumer acceptability. The results were collected and 

statistically processed to determine differences in overall acceptability among 

the samples. As illustrated in the figure 4, there was noticeable variation in 

preference. Sample 7 received the highest average score (4.93), indicating the 

greatest overall consumer liking, while Sample 4 had the lowest acceptability 

score (3.87), suggesting it was the least preferred among the tested samples. 

This type of evaluation provides valuable insights into how the formulation and 

sensory attributes of oat-based milk impact consumer satisfaction, and serves as 

a foundation for optimizing product development. 
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Figure 4 Sensory analysis of oat-based milk samples 

 

Conclusion 

 

The study demonstrated that oat-based milk maintains stable 

physicochemical properties during short-term refrigerated storage. The 

relatively high and consistent pH values, alongside low titratable acidity, 

indicate favorable microbial stability and a mild, acceptable flavor profile. 

Sensory evaluation confirmed consumer preference differences among samples, 

with overall acceptability influenced by formulation. These results highlight the 

importance of continuous quality assessment and formulation optimization to 

enhance consumer satisfaction and support the growth of plant-based dairy 

alternatives. 
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Abstract: A filed trail with the winter wheat variety ―Avenue‖ in the 

vegetation season of 2023/2024 was conducted. The trail was stated on the 

experimental field of the Agricultural University of Plovdiv, Bulgaria. The study 

was performed by the randomized block design in three replications. Variants of 

the trial were: 1. Xanadu (bensulfuron-methyl + metsulfuron-methyl) - 100 g ha
-1

; 

2. Xanadu - 100 g ha
-1

 + Silwet (adjuvant) - 100 ml ha
-1

; 3. Xanadu - 200 g ha
-1

; 4. 

Biathlon 4 D (tritosulfuron + florasulam) - 50 g ha
-1

 + Dash (adjuvant) - 1.00 l ha
-

1
; 5. Untreated control. The herbicides were applied in spring at phenophase end 

of tillering – beginning of spindling of the winter wheat (ВВСН 29-31). The 

efficacy of the herbicide product Xanadu was approximately equal to that of the 

standard Biathlon 4D. No visual signs of phytotoxicity to the crop were detected 

with any of the tested herbicides, but at the tested dose of 200 g ha
-1

 of Xanadu, a 

decrease in yields and a decrease in wheat grain indicators were reported. 

 

Key words: winter wheat, weeds, herbicides, yields. 

 

 

Introduction  
 

 Wheat is a collective term for several species of plants, botanically united in 

the genus Triticum, representatives of the Cereal family. Severe weed 

infestation of the crop can reduce the yields by up to 70% (Tonev et al., 2007). 

Weeds, also called "the green enemy of man", cause enormous damage to 

agriculture every year. According to FAO data, of the total losses worldwide 

caused by pests of cultivated plants, weeds account for 35% of the losses in 

wheat, compared to 28% in vegetables and 29% in fruit species and vineyards 

(Spasov et al., 1999). The diversity of weeds in wheat is high and the species 

that infest the fields are over 100 (www.nivabg.com).  

mailto:n_neshev85@abv.bg
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In modern agriculture, weed control is mainly carried out by the chemical 

method. A number of authors have studied the selectivity and efficacy of 

various herbicides in agricultural crops (Hristova, 2007). The choice of 

herbicide, the optimal time and rate of application are some of the most 

important in wheat agro-technology (Abbas et al., 2009) 

Many herbicides have been studied to control grass weeds in wheat. 

Mahmood et al., (2013) found that treatment of the wheat with pinoxaden, 

clodinafop, fenoxaprop-P-ethyl, and mesosulfuron reduced the density of the 

grass weeds and their biomass.  

It is economically unjustified to use herbicides alone to control grass weeds 

in wheat without achieving successful control of the broadleaf species. For the 

control of dicotyledonous weeds in wheat, Mitkov et al. (2017) reported the 

highest herbicide efficacy after Biathlon 4D + Dash application. 

Chopra et al., (2008) reported that carfentazone at 20 g ha
-1

 and metsulfuron 

at 4 g ha
-1

 controlled broadleaf weeds by 83.7% and 84.1%, respectively.  

During the period from 2014 to 2016, Mitkov et al. (2018) found the highest 

efficacy and yields after treatment with SGE 27 at a rate of 750 ml ha
-1

.  

WangCang et al. (2016), found that the combination of 29% fluroxypyr VP 

111.31 g ha
-1

 + 5% carfentazone-ethyl VP 3.31 g ha
-1

, 50 g/L florasulam SC 

7.50 g ha
-1

 + 40% carfentazone-ethyl VP 15.00 g ha
-1

 showed excellent efficacy 

after spraying with the herbicide fluroxypyr.  

In addition to differentiated, the control of grass and broadleaf weeds in 

winer wheat can also be carried out simultaneously. Szemendera et al. (2008) 

recommend application of flumioxazine for grass and broadleaf weeds control.  

The aim of the present study is to establish the efficacy and selectivity of the 

herbicide Xanadu at winter wheat. 

 

Material and methods  

 

The experiment was carried out on the experimental field of Agricultural 

University – Plovdiv, Bulgaria during the 2023/2024 wheat growing season. 

The experiment was set up using the block method in 3 replications. The size of 

the harvesing plot is 20 m². The experiment included the following variants: 1. 

Xanadu (bensulfuron-methyl + metsulfuron-methyl) - 100 g ha
-1

; 2. Xanadu - 

100 g ha
-1

 + Silwet (adjuvant) - 100 ml ha
-1

; 3. Xanadu - 200 g ha
-1

; 4. Biathlon 

4 D (tritosulfuron + florasulam) - 50 g ha
-1

 + Dash (adjuvant) - 1.00 l ha
-1

; 5. 

Untreated control. 

The herbicides were applied in spring at phenophase end of tillering – 

beginning of spindling of the winter wheat (ВВСН 29-31). For the purpose of 

the experiment, the wheat variety ―Avenue‖ was grown. The preceding crop of 

wheat was sunflower. The soil tillage operations before wheat sowing was deep 
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plowing, followed by discing and harrowing. Pre-sowing fertilization was 

carried out with 300 kg ha
-1

 NPK 15:15:15, and in spring, dressing with 300 kg 

ha
-1

 NH4NO3 was done. 

The weeds in the field were corn chamomile (Anthemis arvensis L.), coomon 

poppy (Papaver rhoeas L.), field mustard (Sinapis arvensis L.), and field 

larkspur (Consolida regalis Gray). For grass weeds control, a background 

treatment with the herbicide Axial (50 g/l pinoxaden) was carried out - 0.90 l 

ha
-1

. This spraying was carried out 7 days after the treatment with the 

preparations for combating broadleaf weeds. 

The efficacy of the herbicides was assessed on the 10-score scale of EWRS 

(European Weed Research Society) on the 14
th
, 28

th
 and 56

th
 days after 

treatment. The selectivity of the herbicides was assessed on the 9-score scale of 

EWRS on the 7
th
 and 14

th
 days after treatment (Zhelyazkov et al. 2017). 

The following indicators of the wheat were recorded: 

- Grain yields (t ha
-1

) - by harvesting the entire experimental plot of all three 

replications of each variant. The harvest was carried out with a combine for plot 

trials of the company Wintersteiger
®
; 

- Absolute seed mass (g) was reported by the metodology of Tonev et al. 

(2018). The reporting is in three replications.  

- Hectoliter seed mass (kg) and crude protein (%). These parametres were 

analyzed using INFRATEC 1241 - Express analyzer for grain and grain 

products (https://labconsult.bg/product/infratec-1241/). Three samples from 

each variant were analyzed. 

For statistical data processing, the Duncan method was used with the SPSS 

19 program. Differences were considered significant at p<0.05. 

 

Results and discussion 

 

Figure 1 presents the amount of precipitation and the average minimum and 

maximum temperatures during the crop's growing season. According to the 

meteorological data, we can determine how agrometeorological conditions 

affect plant development. 

In the experimental season 2023/2024, the amount of precipitation in 

October, when wheat was sown, was low. The crop vegetation began in 

November, when 52.8 mm of precipitation fell (Figure 1). Also, lower 

precipitation was recorded in February 2024 – 6.8 mm. The figure shows that in 

terms of moisture during the vegetation period, no other period was established 

during which plants experienced a water deficit. The minimum and maximum 

temperatures were relatively favorable for plant development. Despite the high 

winter temperatures (Figure 1), negative impact of the warm winter months on 

the development of wheat was not recorded. Based on the analysis of 
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meteorological data, the experimental year may be indicated as relatively 

favorable for the growth, development and realization of the productive 

potential of the winter wheat. 

 

  
Figure 1. Average monthly precipitation amounts (mm) and average monthly minimum 

and maximum temperatures (°C) in 2023/2024. 

 

The efficacy data of the tested herbicides on the 14
th
, 28

th
 and 56

th
 day after 

treatment are presented in tables 1 to 4. On the 14
th
 day after herbicide 

application against corn chamomile, low efficacy was reported (Table 1). An 

efficacy of 70% was recorded only for variant 3 (Xanadu - 200 g ha
-1

). On the 

next reporting date, the efficacy increased and reached 80-95%. On the last 

reporting date, the efficacy reached excellent values - 95-100%. The results 

show that corn chamomile can be controlled by the lowest rate of the product  

Xanadu - 100 g ha
-1

 applied without adjuvant. 

 
Table 1. Efficacy of the tested herbicides against corn chamomile, % 

Variants 14
th

 day 28
th

 day 56
th

 day 

1. Xanadu - 100 g ha
-1

 50 80 95 

2. Xanadu - 100 g ha
-1 

+ Silwet - 100 ml ha
-1

 50 85 100 

3. Xanadu - 200 g ha
-1

 70 95 100 

4. Biathlon 4D - 50 g ha
-1 

+ Dash - 1.00 l ha
-1

 50 90 100 

5. Untreated control - - - 

 
On the 14

th
 day after the herbicide application against the common poppy, 

low efficacy was also reported (Table 2).  

An efficacy of 80% was found only for variant 3 (Xanadu - 200 g ha
-1

). On 

the next reporting date, the efficacy increased and reached 90-100%. On the last 

reporting date, the efficacy reached excellent values - 95-100%. The results 

show that the common poppy can be controlled by the lowest rate of the Xanadu 

applied and without an adjuvant. The efficacy of Xanadu against the common 

poppy is the same as that of the referent product Biathlon 4D. 
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Table 2. Efficacy of the tested herbicides against common poppy, % 

Variants 14
th

 day 28
th

 day 56
th

 day 

1. Xanadu - 100 g ha
-1

 70 90 100 

2. Xanadu - 100 g ha
-1 

+ Silwet - 100 ml ha
-1

 75 100 100 

3. Xanadu - 200 g ha
-1

 80 100 100 

4. Biathlon 4D - 50 g ha
-1 

+ Dash - 1.00 l ha
-1

 60 95 100 

5. Untreated control - - - 

 

Table 3 presents the efficacy of the tested herbicides against field larkspur. 

On the first reporting date after the herbicide treatment, efficacy was reported - 

from 50 to 70%. On the 14
th
 day, the efficacy was lowest for the reference 

preparation Biathlon 4D. On the next reporting date, the efficacy increased and 

reached higher values, and for this reporting, the lowest efficacy was recorded 

for option 4 (Biathlon 4D - 50 g ha
-1

 + Dash - 1.00 l ha
-1

). On the last reporting 

date, the efficacy reached 100% for all options except for variant 4, where it 

was 95%. The results show that the efficacy of the herbicide product Xanadu 

against field larkspur is higher than that of the referent product Biathlon 4D. 

 

Table 3. Efficacy of the tested herbicides against field larkspur, % 
Variants 14

th
 day 28

th
 day 56

th
 day 

1. Xanadu - 100 g ha
-1

 70 95 100 

2. Xanadu - 100 g ha
-1 

+ Silwet - 100 ml ha
-1

 70 100 100 

3. Xanadu - 200 g ha
-1

 70 95 100 

4. Biathlon 4D - 50 g ha
-1

+ Dash - 1.00 l ha
-1

 50 85 95 

5. Untreated control - - - 

 

On the first reporting date after the herbicide treatment against field mustard, 

efficacy of 50 to 80% was reported (Table 4). On the next reporting date, 

efficacy increased and reached 70-90%. On the last reporting date, efficacy 

reached values were 95-100%. The results show that field mustard is controlled 

100% by the herbicide Xanadu, but applied with the adjuvant Silwet. 

 

Table 4. Efficacy of the tested herbicides against field mustard, % 
Variants 14

th
 day 28

th
 day 56

th
 day 

1. Xanadu - 100 g ha
-1

 50 70 95 

2. Xanadu - 100 g ha
-1 

+ Silwet - 100 ml ha
-1

 60 80 100 

3. Xanadu - 200 g ha
-1

 70 85 100 

4. Biathlon 4D - 50 g ha
-1 

+ Dash - 1.00 l ha
-1

 80 90 100 

5. Untreated control - - - 

 

The highest yield for variant 4 (Biathlon - 50 g ha
-1

 + Dash - 1.00 l ha
-1

) was 

recorded - 8.69 t ha
-1

. After successful weed control for the treatment in this 
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variant, a 51% increase in yield compared to the control, which was the lowest 

for the trial period - 5.73 t ha
-1

, was obtained, (Table 5). After the treatment with 

Xanadu - 100 g ha
-1

 and Xanadu - 100 g ha
-1

 + Silwet - 100 ml ha
-1

, the increase 

in yield was also very good - 49% (8.59 t ha
-1

) and 46% (8.37 t ha
-1

) 

respectively. In variant 3 (Xanadu - 200 g ha
-1

), a lower yield was obtained in 

comparison to the other herbicide-treated variants. 

 

Table 5. Wheat grain yields, t/ha 

Variants Yields t/ha 
% Yield increase 

compared to UC 

1. Xanadu - 100 g ha
-1

 8.59 а + 49% 

2. Xanadu - 100 g ha
-1

 + Silwet - 100 ml ha
-1

 8.37 а + 46% 

3. Xanadu - 200 g ha
-1

 7.80 b + 36% 

4. Biathlon 4D - 50 g ha
-1

 + Dash – 1.00 l ha
-1

 8.69 а + 51% 

5. Untreated control 5.73 c 100% 
Numbers with different letters are with proved difference according to Duncan's test (p < 0,05). 

 

The reported yield was 7.80 t ha
-1

, and the increase in the direction of yield 

in the untreated control was 36%. This indicates that is not recommended to 

apply the herbicide Xanadu a rate of 200 g ha
-1

. 

Table 6 presents the grain quality indicators (absolute and hectoliter seed 

mass, as well as the crude protein content in them). The absolute seed mass is a 

very important quality indicator (Mehmood et al., 2014). The highest absolute 

seed mass for variant 2 (Xanadu - 100 g ha
-1

 + Silwet - 100 ml ha
-1

) was 

recorded - 46.88 g, and the lowest absolute seed mass was found in the control - 

42.19 g. The results show that weed infestation reduced this quality indicator. In 

variants 2 (Xanadu - 100 g ha
-1

) and 4 (Biathlon 4D - 50 g ha
-1

 + Dash - 1.00 l 

ha
-1

) the absolute mass was high as well - 46.62 and 46.75 g respectively. A 

decrease in the absolute mass of seeds in the treated variants was found in 

variant 3 (Xanadu - 200 g ha
-1

), where the high rate of the herbicide is the likely 

reason for the indicator‘s value decrease. 

 

Table 6. Absolute, hectoliter seed mass and crude protein in the grains  

Variants  

Absolute 

seed 

mass, g 

Hectoliter 

seed 

mass, kg 

Crude 

protein, 

% 

1. Xanadu - 100 g ha
-1

 46.62 a 77.20 a   11.90 a 

2. Xanadu - 100 g ha
-1 

+ Silwet - 100 ml ha
-1

 46.88 a 77.00 a  12.10 a 

3. Xanadu - 200 g ha
-1

 45.25 b 76.90 a 10.90 b 

4. Biathlon 4D - 50 g ha
-1 

+ Dash - 1.00 l ha
-1

 46.75 a   77.30 a 12.30 a 

5. Untreated control 42.19 c 73.20 c 9.70 c 
Numbers with different letters are with proved difference according to Duncan's test (p < 0,05). 
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The hectoliter seed mass is determined by the size of the grains, the presence 

of impurities, etc. (Tonnev et al., 2018). The lowest hectoliter mass was found 

in the control - 73.20 kg. The highest values of this indicator were found in 

variant 4 (Biathlon 4D - 50 g ha
-1

 + Dash - 1.00 l ha
-1

). After treatment with this 

herbicide, the hectoliter mass of the seeds was 77.30 kg. The hectoliter mass 

was slightly lower in the other herbicide-treated variants, with the indicator 

varying from 76.90 to 77.20 kg. The differences in the results obtained between 

the treated variants have not been proven, but they have all been proven 

compared to the results of the untreated control (Table 6). 

In general, the protein content varies within narrow limits (Table 6). The 

lowest crude protein content in wheat seeds was found in the control – 9.70%. 

The highest values were found in variant 4 (Biathlon 4D + Dash) – 12.30%, 

followed by variant 2 (Xanadu 10 g ha
-1

 + Sylwet 100 ml ha
-1

) – 12.10%. At the 

double rate of Xanadu, a decrease in indicator seeds was recorded – 10.90%.  

 

Conclusions 

 

The efficacy of the herbicide product Xanadu is approximately equal to that 

of the standard Biathlon 4D. High herbicide efficacy was established against 

corn chamomile, field poppy, catchweed, field mustard and field larkspur. The 

efficacy of the tested herbicides against ivy-leaved speedwell and common 

fumitory is limited. No visual signs of phytotoxicity to the crop were detected 

with any of the tested herbicides, but at the tested dose of 200 g ha
-1

 of Xanadu, 

a decrease in yields and a decrease in wheat grain indicators were reported. All 

studied indicators, such as plant height and ear length at the end of the growing 

season, absolute and hectoliter seed mass, crude protein content, as well as 

yields, had higher values in all treated variants compared to the control. 
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Abstract: Carcasses of adult bovine animals are classified by assessment of 

conformation (six classes: S, E, U, R, O and P) and fat cover (five classes: 1, 2, 

3, 4, and 5). Cattle conformation is a visual assessment of the overall shape and 

flesh coverage of the carcasses. To be given an E and S classification, the 

carcasses must have excellent conformation and must have no defects of its 

essential parts. According to the new Low of zootechnics and Low for quality of 

agricultural product in RN Macedonia, the estimation of bovine carcasses by 

conformation and fat covering according SEUROP standards are made in 

Strumica region at the end of 2024. According to our investigations of 38 adult 

bovine carcasses from dual-purpose cattle breeds, most of controlled bovine 

carcasses belong to R, O and P class by conformation, and between 2 and 4 

class by fat covering of carcasses. 

 

Key words: cattle breeding, beef production, SEUROP classification 

 

 

Introduction 

 

Carcasses of adult bovine animals are classified by assessment of 

conformation (six classes: S, E, U, R, O and P) and fat cover (five classes: 1, 2, 3, 

4, and 5). Cattle conformation is a visual assessment of the overall shape and 

flesh coverage of the carcasses. To be given an E and S classification, the 

carcasses must have excellent conformation and must have no defects of its 

essential parts. 

Beef is from the nutritional aspect very valuable food stuff in human 

nutrition. In our country, production and consumption of this meat has a 

negative trend for several years, and in regard to frequency of its use in nutrition 

it takes third place behind pork and poultry (Bunevski et all, 2009). 
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According to the new Low of zootechnics and Low for quality of agricultural 

product in RN Macedonia and Serbia, the estimation of bovine carcasses is caring 

out by conformation and fat covering according SEUROP standards.  

In the RN Macedonia, as a previous parts of ex-Yugoslavia, Rulebook on 

quality of slaughter livestock, poultry and wild game was regulated by the ex-

regulative ―Official Journal of SFRY‖, No. 34/74) is still valid, as well as the 

Standard for classification of beef in carcasses and carcass sides for industrial 

processing with mandatory implementation (JUS E.C.1. 022/74), based on 

descriptive system of visual scoring of conformation and fat cover of carcass, 

similar to EU standard. Based on stated regulations carcasses are categorized on 

slaughter line in veal, young beef and beef. Classification continues in four 

classes (E, I, II, VK) based on carcass mass, conformation, fat cover and 

marbling of meat, as well as color, structure and consistency of muscle and fat 

tissue. According to major carcass parts, meat is marketed as meat of I, II and 

III categories, and meat belonging to none of the categories, and veal only as 

meat of I, II and III categories (Ostojic et all, 2012).  

According to Council Regulation (EC) No 1234/2007 and Article 42.1, the 

carcass presentation according to rules determined by Annex V is as follows: 

1. Carcasses and carcass sides shall be without the head and legs; head is 

separated from the carcass in the atlanto-occipital joint, and legs in 

carpalmetacarpal or tarsal-metatarsal joint. 

2. Thoracic and organs of the abdominal cavity shall be removed from the 

carcass, with or without kidneys, kidney and pelvic fat. 

3. Sex organs and muscles, as well as udder and accompanying fat tissue, 

also shall be removed from the carcass. 

Determination of the carcass category is defined by Council Regulation (EC) 

No 1234/2007 based on signs of gender, age, executed castration and calving on 

animal carcass. 

 

Main criteria for scoring of carcass conformation 

The scoring of carcass conformation is done by description of the profile 

expression (concave-convex) and development of muscles in three major 

carcass parts: leg, shoulder and back. Rulebooks define the scoring possibility 

by using main classes (S, E, U, R, O, P) with or without sub-classes (maximum 

three within each class), as decided by each EU member individually. Class S is 

used mainly in countries where there is basis for its use (double-muscled cattle). 

 

Material and methods 

 

Estimation of totally 38 bovine carcasses from dual-purpose adult cattle 

breeds, was made in one private slaughtered house in south-eastern region, from 
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the adult cattle from different cattle breeds, mainly from the crossbreeds of 

cattle. Estimation was made for the conformation according SEUROP 

classification and for fat cover of carcasses in the classes from 1 to 5.  

 

Results and discussion 

 

Cattle production is a leading branch in our domestic animal production, 

which supply a lot of animal proteins for human diet. R. of N. Macedonia is for 

a long period a net importer of beef. For that purpose, our state spends a lot of 

money for the beef import every year. Beef production in the R. of N. 

Macedonia is around 4000 tons, but its consumption is 14.000 to 16.000 tons of 

beef annually.   

 
Table 1. Cattle breeding in the R. of N. Macedonia, (Source: AFV, 2024) 

Year Total no. of cattle No. of cattle farms 

2011 267911 41682 

2012 261073 40915 

2013 213121 29539 

2014 213578 28935 

2015 226251 28883 

2016 228812 27426 

2017 214170 25044 

2018 190623 22302 

2019 164840 17708 

2020 159963 16332 

2021 155803 15219 

2022 147968 14164 

2023 128467 13840 

2024 131200 13500 

 

According to the tab. 1, in the period from 2011 till 2024 in Macedonia the 

total number of cattle is decreasing from 268.000 to 130.000 heads, or on half 

of their total number. According to the official statistical data, in 2024 there are 

totally 131.200 cattle in the R. of N. Macedonia, from which only 2% of 

domestic Busha cattle, 39% Holstein and more than 50% crossbreeds (Agency 

of Veterinary and Food-AVF, 2024). 

Features of our beef production are:  

- early slaughtering of calves, 

- unused genetic potential when accumulated the most muscular parts on the 

body, 
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- bad genetic material for fattening, 

- impropriate using the fattening systems and technologies by categories, 

- bad nutrition, poorly housing, care,  

- effective use of food energy. 

 
Table 2. Cattle breed distribution in the R. of N. Macedonia (AVF, 2024) 

Synonym – Breed of cattle Total No.(heads) % 

АА - Аberdeen Angus 231 0,18 

БВ – Braunvieh (Brownswiss) 205 0,16 

БИ – Buffaloes 25 0,02 

БУ – Busha 2445 1,86 

ДР – Crossbreds 68065 51,88 

Л   - Limousine 112 0,09 

МН - Brown (Montafon) 2350 1,79 

ОБ - Grey Tyrol (Oberintal) 35 0,03 

СМ - Simmental 6242 4,76 

ТР - Beef breeds 16 0,01 

ФР - Holstein 50882 38,78 

ХФ - Hereford 526 0,40 

Ш  - Charolais 66 0,05 

Total no. of cattle in 2024 131200 100 % 

 
Table 3. Total cattle heads in organic production in RN Macedonia from 2013 till 2023 

(SCS-State Chamber of Statistics, 2024) 

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 

Cattle 2726 2133 4401 3368 4698 6390 7170 8723 9752 7821 7528 

 

Table 4. Total meat production in RN Macedonia (Source: SSC, 2024), in tones 

Year total beef pork mutton poultry 

2017 22 879 4 636 13 105 3 422 1 716 

2019 22 349 4 083 13 384 3 392 1 490 

2021 24 584 4 214 15 578 3 097 1 695 

2023 22 069 4 024 12 080 3 891 2 074 

 

     Number of slaughtered cattle (in heads) in last several years is presented in 

tab. 5.  

The average beef consumption per capita is approximately 15.000 tons 

annually or 39 kg total meat or 7 kg beef per capita annually in the RN 

Macedonia (FAO, 2023).  

In the Low for quality of agricultural products ruled, according to new 

estimation of bovine carcasses by two criteria: 
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a) Conformation of the carcasses, and  

b) Fat covering of carcasses.  

 
Table 5. Number of slaughtered cattle heads in the R. of Macedonia (Source: DZS, 2024) 

Year 2017 2019 2021 2023 

No. of slaugh.cattle 5628 4698 3666 3674 

 

According a new Low for quality of agricultural products, all the bovine 

categories are estimated according the description shown in tab. 7 and 8.  

 
Table 6. Development of carcass profiles, in particular the essential parts (round, back, 

shoulder) 

Conformation class Description 

S  - Superior 
All profiles are super-convex; superior muscle 

development 

E  - Excellent 
All profiles convex to super-convex; exceptional 

muscle development 

U  - Very good 
Profiles on the whole convex, very good muscle 

development 

R  - Good 
Profiles on the whole straight; good muscle 

development 

O  - Fair 
Profiles straight to concave; average muscle 

development 

P - Poor 
All profiles concave to very concave; poor muscle 

development 

 
Table 7. Estimation of carcass classes according fat cover, from 1 to 5, on the outside of 

the carcass and in the thoracic cavity 

Class of fat covering Description 

1 

Low 
None up to low fat cover 

2 

Slight 
Slight fat cover, flesh visible almost everywhere 

3 

Average 

Flesh with the exception of the round and shoulder, 

almost everywhere covered 

with fat, slight deposits of fat in the thoracic cavity 

4 

High 

Flesh covered with fat, but on the round and shoulder still 

partly visible, some 

distinctive fat deposits in the thoracic cavity 

5 

Very high 

Entire carcass covered with fat; heavy deposits in the 

thoracic cavity 
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All the categories of bovine carcasses are presented in tab 9.  

 
Table 8. Categories of bovine carcasses 

Categories Description 

A 
carcasses of uncastrated young male animals of less than 

two years of age 

B carcasses of other uncastrated male animals 

C carcasses of castrated male animals 

D carcasses of female animals that have calved 

E carcasses of other female animals 

V carcasses of calves until 8 months of age 

Z carcasses of older calves from 8 till 12 months of age 

 

According to the estimation of the bovine carcasses, the main results are 

presented in the tab. 9.  

 
Table 9. Obtained results from the estimation of bovine carcasses 

Classes by conformation and fat cover of carcasses S E U R O P 

1 0 0 0 1 0 0 

2 0 0 1 3 4 1 

3 0 0 2 6 4 2 

4 0 0 2 5 3 1 

5 0 0 0 1 1 0 

 

From the tab. 10 can be considered that almost all estimated cattle according 

the conformation belong in the classes R and O, and by the second criteria – fat 

cover, belong to the classes 2 and 4, which respond to the breed of cattle, their 

productive type, as well as the system of their fattening.  

 

Conclusion 

 

    For the purpose of satisfying the domestic market of beef, our government 

spends a lot of money for importing beef. During the transition period of our 

country, so many special farms for fattening cattle were destroyed, so the future 

trend has to pay higher attention to the family farms. 

    Subsidy agricultural policy has to stimulate the quality of bovine carcasses 

according the new estimation by their conformation and fat cover.  

    At the same time, the systems of fattening and genetic of cattle have to 

improve for better economical results of beef cattle production.  
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Apendix 

 

 
Figure 1. Carcass sides of different conformation classes (S-P) 

 

 
Figure 2. Carcass sides of different classes in regard to fat cover (1-5)
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Abstract: Organic cattle production is managed differently than 

conventional one. Organic cattle farming is an ecological management system 

that maintains and enhances soil fertility, promotes ecological balance, animal 

health and conserves biodiversity. No synthetic chemicals, pesticides, fertilizers 

or GMOs are allowed on the land or within production, including in cattle feed. 

Organic cattle feed must not contain hormones, antibiotics, preservatives, or 

synthetic chemicals, and with their restriction and with an emphasis on pasture 

grazing, organic cattle breeding benefit people, the environment and animals‘ 

welfare too. By creating of criteria for selection of dairy and beef cattle breeds 

and their ranking, can contribute to our farmers for better organic production. 

The share of organic cattle is 7 528 heads (5.1%) in the total number of cattle in 

2023 in the RN Macedonia.  

 

Keywords: organic farming, cattle, selection 

 

 

Introduction 

 

In organic agricultural farming, livestock play an important part in the 

farming system. Organic cattle farming is an ecological management system 

that maintains and enhances soil fertility, promotes ecological balance, animal 

health and conserves biodiversity. No synthetic chemicals, pesticides, fertilizers 

or Genetically Modified Organisms (GMOs) are allowed on the land or within 

production, including in cattle feed. Organic cattle feed must not contain 

hormones, antibiotics, preservatives, or synthetic chemicals, and with their 

restriction and with an emphasis on pasture grazing, organic cattle breeding 

benefit people, the environment and animals‘ welfare too. By creating of criteria 
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for selection of dairy and beef cattle breeds and their ranking, can contribute to 

our farmers for better organic production. 

 

Materials and methods 

 

The main goal when choosing a breed of cattle for organic production in our 

breeding conditions is: 1. defining the criteria for choosing a breed for their 

purpose (dairy, beef or dual purpose), 2. defining the breeding goals, 3. good 

knowledge of production, reproductive, exterior, functional (especially 

constitution, condition, resistance, longevity, susceptibility to certain diseases, 

etc.), and 4. ranking of the existing breeds of cattle according to priority (those 

breeds that exist on our premises) intended for organic production. According to 

this methodology, a ranking list should be made of all the existing cattle breeds 

in the R. of N. Macedonia of the cattle breeds intended for organic production 

according to their priority for this purpose. The main material of work is the 

present state of cattle breeds in R. N. Macedonia, according to the production - 

for dairy, beef or dual-purpose products.  

In organic cattle production, healthy, resistant and long-lived animals should 

be favored, which in the normal living conditions in which they are raised have 

normal reproduction and optimal production of milk or meat. 

 

Results and discussion 

 

Cattle production in Macedonia consists of three sectors: small-scale farmers 

(around 74%) keeping 1-3 cow and mainly producing for home consumption; 

medium-scale farmers (21%) keeping 10-20 cows with annual production of 

4000-6000 kg milk/head and specialized commercial farms (around 5%) with 

more than 50 heads that produce annually over 7.000 kg milk intended solely 

for the market.  

 
Table 1. Total no. of cattle in the R. of N. Macedonia, in heads (AFV, 2024) 

Year 2020 2021 2022 2023 2024 

Total no. of 

cattle (heads) 
152814 145299 138513 128467 131200 

 

According to the official statistical data, in 2024 there are totally 131.200 

cattle in the R. of N. Macedonia, from which only 2% of domestic Busha cattle, 

39% holstein and more than 50% crossbreeds (Agency of Veterinary and Food-

AVF, 2024) (table 1 and 2). 

From tables 3 and 4 can be considered that in last several years in the R. of 

N. Macedonia, the total number of cattle in organic production is generally 
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increasing. In 2021, from total 145299 cattle heads, there were 9752 in organic, 

but in 2023 from total 128467 heads, there are 7528 cattle heads in organic 

production (AFV, 2024, SCS, 2024).  

 
Table 2. Cattle breed distribution in the R. of N. Macedonia (AVF, 2024) 

Synonym – Breed of cattle Total No.(heads) % 

АА - Aberdeen Angus 231 0,18 

БВ – Braunvieh (Brown Swiss) 205 0,16 

БИ – Buffaloes 25 0,02 

БУ – Busha 2445 1,86 

ДР – Crossbreds 68065 51,88 

Л   - Limousine 112 0,09 

МН - Brown (Montafon) 2350 1,79 

ОБ - Grey Tyrol (Oberintal) 35 0,03 

СМ - Simmental 6242 4,76 

ТР - Beef breeds 16 0,01 

ФР - Holstein 50882 38,78 

ХФ - Hereford 526 0,40 

Ш  - Charolais 66 0,05 

Total no. of cattle in 2024 131200 100 % 

 
Table 3. Total organic livestock (no. of heads) in the R. of N. Macedonia (Annual 

Statistical Review, 2024) 

Year 
Cattle Sheep Goats 

Total organic organic in conversion total organic Total organic 

2021 9 752 7 013 2 739 110 876 5 518 

2022 7 821 4 782 3 039 103 940 5 136 

2023 7 528 4 204 3 324 120 514 4 966 

 
Table 4. Total cattle heads in organic production in RN Macedonia from 2013 till 2023 

(SCS-State Chamber of Statistics, 2024) 

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 

Cattle 2726 2133 4401 3368 4698 6390 7170 8723 9752 7821 7528 

 

In the Republic of North Macedonia in 2023, 888 producers were engaged in 

organic agricultural production. The total area with crop organic production is 4 

215 hectares of which 1 475 hectares are areas of organic production in 

conversion period. With 51% (2 158 hectares), cereals still have the large share 

of the agricultural area used for organic production (SCS, 2024).  

The organic production of cereals decreased by 5.6% compared to 2022, for 

industrial crops the production decreased by 17.0%, at fodder crops the 

production decreased by 8.4%, the production of vegetables decreased by 



 

 

Katerina Chochovska                                             XIV Conference of Agronomy Students 

163 

42.8%, the organic production of fruits increased by 16.4% and the production 

of organic vineyards decreased by 4.6% (SCS, 2024).  

The share of organic cattle is 7 528 and in the total number of cattle is 5.1%.  

In dairy cattle production, there are 17.000 liters of milk produced from 

cattle, 907.400 l of sheep milk and 153.100 l of goat milk in 2023 (table 5, SCS, 

2024) The share of organic sheep in the total number of sheep is 20.5% and 

organic goats are participating with 5.8% in the total number of goats. The 

production of organic honey in 2023 increased by 53.9% compared with 2022 

and the number of beehives in the same period increased by 16.5% (SCS, 2024). 

 
Table 5. Livestock organic production of milk in RN Macedonia, 2023 production of milk 

in, '000 litres (Source: Ministry of agriculture, forestry and water economy and SCS, 2024) 

Livestock organic production of milk in RNM, 2023 (production of milk in '000 litres) 

  Cattle Sheep Goats 

Organic 17,0 907,4 153,1 

In conversion  31,3 1 529,7 114,9 

Total milk production 48,3 2 437,1 268,0 

 

Defining of criteria for selection of cattle for organic production 

One of the main objectives of this paper is to define of main criteria for 

selection of cattle for organic production, which will help for ranging of dairy, 

beef and dual-purpose breeds for organic farming in our country. For this 

purpose, we analyzed the main problems in well developed countries in the 

management of cattle organic farms, in their sustainable farming, in the process 

of their conversion into organic farming, as well as choosing of cattle breeds 

according the production (dairy, beef or dual-purpose aim).  

According to the present state of the actual breeds of cattle for dairy and beef 

production in the RN Macedonia, the following economical traits with their 

economic weights in their total index are presented in the next table (table 6).  

According above-mentioned criteria and traits, it is obviously that in 

conventional cattle farming is favoritism of the maximal milk and meat 

production, with no or minimal attention to some other essential traits: 

- functional traits such as: resistance, using of hormones, antibiotics, level of 

adaptation and acclimatization as well as longevity,   

- quality of dairy and beef products,  

- environmental and rural development (soil, water, animal feed, greenhouse 

gasses CH4, CO2, food conversion, welfare of animals etc. 

It means, for organic farming we need different traits for selection of breeds 

of cattle, with their different economic weights. According to these new traits 

and weights, we need to ranking the cattle breeds for organic production in our 

conditions by priorities. 
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Table 6. Most important economical traits and their economic weights in their total 

index for main cattle breeds in RN Macedonia for conventional production, according 

their breeding programs 

Breed Traits Their economic weights (%) 

Holstein Milk yield:legs:udder:dairy frame 40:20:20:20 

Simmental 
Dairy : Frame : Muscularity : 

Fundament : Udder) 
30:20:20:15:15 

Busha Beef yield: long living 60:40 

 

The main emphasis in organic cattle production should be on welfare and 

environmental protection, as well as on optimal (not maximum) utilization of 

cattle and their products. For this purpose, a good knowledge of their 

productive, reproductive, exterior, linear and functional traits is required, with 

all their faults and advantages. From their functional properties, special 

emphasis should be given to their resistance, constitution, their predispositions 

to certain diseases, food conversion, natural pasture utilization as well as their 

well-being. According to these criteria, it has been established that certain 

breeds of cattle that give excellent results during intensive conventional 

production cannot manifest their genetic potential during organic production. In 

organic production, the so-called is very important interaction between "Breed - 

Environmental conditions", their adaptation, acclimatization and resistance i.e. 

sensitivity to certain diseases. 

In organic cattle production, healthy, resistant and long-lived animals should 

be favored, which in the normal living conditions in which they are raised have 

normal reproduction and optimal production of milk or meat.   

 

In dairy cattle sector 

In the organic production of dairy breeds of cattle, the following traits given 

in the following table should be favored. 

Organic cattle production should be based according to the specific rearing 

conditions in the current agricultural region.  

In dairy organic production, the largest percentage of problems in dairy 

breeds occurs in diseases of the mammary gland (udder mastitis) as well as 

disorders of reproductive characteristics (long postpartum period, difficult 

fertilization, occurrence of cysts, abortions, difficult delivering, low vitality of 

newborn calves etc.). Therefore, for organic dairy production, cattle breeds that 

have distinct resistance and healthy udders and legs are favored (table 7). 

In organic beef cattle production for meat, there are other criteria for 

selecting the most suitable breeds of cattle for this aim, which differ from the 

criteria for conventional beef cattle, shown in the following table no. 8.  
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Table 7. Criteria and selection of traits (breeding goals) for organic cattle production for 

dairy (milk) production 

 Type of traits Description 

1 Reproductive traits 

optimal postpartum and dry period, easy delivering, 

good vitality in calves, reduced mortality of calves in 

the first 3 months, good resistance of cows after calving 

to some metabolic and other diseases, etc. 

2 Udder 
Good udder conformation, good estimation of linear 

traits for dairy cows, good resistance to mastitis, etc. 

3 
Lifetime of use 

(longevity) 

Length of productive period (no. of lactations), number 

of obtained healthy and vital calves, fewer infections, 

diseases, treatments, lower % for cooling (renewing) of 

cows from the productive herd, etc. 

4. Productive traits 

Milk yield (in kg) for a standard lactation of 305 days, 

% of milk proteins and fats, total number of bacteria 

and somatic cells in milk, etc. 

5. Functional traits 

Health and resistance traits of cattle, constitution and 

condition score, strength and resistance of fundament 

(legs), resistance to parasites, temperament, character 

etc. 

 

Tab. 8 Criteria and selection of traits (breeding objectives) for organic Beef cattle 

production 

 Group of traits Description of traits 

1 Reproductive traits 

Difficulties in delivering, calf vitality, occurrence of 

problems in calving cows, % of abortions, occurrence 

of twinning, occurrence of lethal genes, etc. 

2 Conversion of food 
Utilization of bulk feed from meadows, pastures, 

conversion of forage and concentrate feedstuffs 

3 Beef traits Daily and total growth (yield) 

4 Slaughterhouse traits 
Meat quality, yield, carcass conformation 

(muscularity), carcass fat covering 

5 Disease resistance % of appearing of mastitis, leg diseases, etc. 

 

In the conventional Beef cattle farming, mainly are selected the specialized 

intensive, semi-intensive or extensive breeds of cattle, where muscularity 

(conformation) and meat quality are a priority. In organic Beef cattle farming, 

priority is given to local (indigenous, domestic or locally adapted breeds), their 

crossbreeds with noble breeds, as well as specialized beef breeds with very 

good resistance, adaptability (adaptation and acclimatization) and good 

fattening results, mainly beef breeds of cattle that are widespread in the world 

and in our country as well.  
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According to the above criteria and breeding goals for organic production, 

the following is a ranking of the most important breeds of cattle intended for 

beef production, for conventional and organic production under the conditions 

in the RN Macedonia. 

 

Conclusion 

 

If in conventional cattle production the priority is maximum profit and yield 

of milk and meat, in organic production priority is given to animal welfare, 

environmental protection, biodiversity and the quality of the obtained products 

on a natural basis. FAO, the EU and the countries in our region favor organic 

production as the most natural way of raising cattle, which by 2050 should 

convert a significant part of the current conventional production. 

The main goal when choosing a breed of cattle for organic production in our 

breeding conditions is: 1. defining the criteria for choosing a breed for this 

purpose, 2. defining the breeding goals, 3. good knowledge of production, 

reproductive, exterior, functional (especially constitution, condition, resistance, 

longevity, sensitivity to certain diseases, etc.), and 4. Ranking of the existing 

breeds of cattle according to priority (those breeds that exist on our rural areas) 

intended for organic production. According to these criteria, for organic 

production priority is given to native breeds of cattle and their crossbreds, and 

after them to the specialized beef and dairy breeds of cattle that have very good 

characteristics in their resistance, adaptation, longevity and optimal and 

sustainable production of meat and milk. 
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Abstract: The aim of this study was to investigate the effect of different 

sesame seed treatments (fresh, convectively dryed, and microwave-treated seeds) 

on the quality of oil and the sensory properties of biscuits prepared with these oils 

and sesame cake. Oil was obtained by mechanical extraction, and the cake was 

used as an additive. The highest oil yield was achieved with microwave treatment 

(33.34 %), while convectively dried seeds showed the lowest oil yield (25.60 %) 

and the highest cake yield (72.70 %), indicating reduced extraction efficiency. Oil 

from untreated seeds was chemically of the highest quality (lower acid and 

peroxide values), which positively influenced the sensory properties of the 

biscuits. The best-accepted biscuit was the one prepared with oil and cake from 

convectively dried seeds, while the lowest sensory scores were given to samples 

with microwave-treated seeds and cake, as well as oil from convectively dried 

seeds without cake. The results show that thermal treatments significantly affect 

oil quality and product acceptability, but also that the addition of cake can 

improve the texture and aroma of the biscuits. Such findings may be significant 

for further use of sesame and its by-products in the confectionery industry.  

 

Key words: sesame, oil, pretreatament, biscuits. 

 

 

Introduction  
 

Sesame seeds (Sesamum indicum L.) and sesame oil have been used for 

thousands of years, and due to their high nutritional value, sesame is classified 

among economically important oilseeds. The significance of sesame seeds and 

oil in nutrition is reflected in their high content of oil, protein and antioxidants. 

Sesame cake, as a by-product of the oil extraction process, is rich in proteins, 

fibers, and calcium. Of the total fatty acid composition, the dominant fatty acids 

are oleic (43%), linoleic (35%), palmitic (11%), and stearic (7%), which 
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together make up about 96 % of the total fatty acids (Karataş, 2015). Sesame oil 

is known for its exceptional oxidative stability, despite containing almost 85 % 

unsaturated fatty acids. The good stability of this oil originates from the 

presence of antioxidant compounds in the seeds and oil, among which phenolic 

compounds such as sesamin, sesamolin and sesamol stand out (Lončar et al., 

2012).  

This study analyzes the influence of different sesame seed treatments (fresh, 

convectively dried, and microwave-treated) on the quality of the obtained oil, as 

well as on the sensory properties of biscuits prepared with the addition of 

sesame oil and cake.  

 

Material and methods  

 

Sesame seed samples      

Three types of sesame seed samples were used in the study: fresh (untreated) 

seeds (A), convectively dried seeds (B), and microwave-treated seeds (C). After 

pressing, oil samples (AO, BO, CO) and cake samples (AC, BC, CC) were 

obtained. Convective drying was carried out in a laboratory dryer (Titel, Serbia) 

at a temperature of 140 ± 2 °C for 2 hours. The mass of seeds per unit area was 

5.43 kg m
-
². The microwave treatment was performed in a microwave oven 

(Tesla, Czech Republic) with an input power of 1250 W, output power of 

800 W, and frequency of 2450 Hz. The power used was 30 % (375 W), and the 

treatment lasted 5 minutes with stirring every minute. The mass of treated seeds 

per unit area was 5.65 kg m
-
².  

 

Oil Extraction from Sesame Seeds and Cake 

Sesame oil was obtained by cold pressing using a screw press OPW650 

Vitaway (Gorenje, Slovenia). After extraction, all samples were centrifuged 

under the same conditions using a Tehnica Ţeleznik centrifuge, model LC320, 

at a speed of 5200 rpm
-1

 for 5 minutes. 

Oil extraction from sesame cake was carried out using an organic solvent 

extraction method with the Solvent Extractor SER 148 (Velp Scientifica, Italy). 

Petroleum ether was used as the solvent in a volume of 70 mL. The process was 

conducted at a temperature of 110 °C and included the following stages: 

immersion for 60 minutes, washing for 60 minutes, solvent recovery for 30 

minutes, and final drying lasting 30 minutes at a temperature of 103 ± 3 °C 

(Operating Manual, Velp Scientifica SER 148). 

 

     Preparation of Biscuits  

The water content in the biscuit dough was about 23 – 24 %, the oil content 

was 10 % (relative to the amount of flour), and part of the wheat flour was 
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replaced with 10 % cake flour (relative to the amount of flour). Based on the 

defined recipe for biscuits (Pajin, 2009), a total of six different biscuit samples 

were prepared: A1 (10 % AO), A2 (10 % AO + 10 % AC), B1 (10 % BO), B2 (10 

% BO + 10 % BC), C1 (10 % CO) and C2 (10 % CO + 10 % CC).  

During the preparation of AC, particle size reduction was performed. After 

grinding, the cake was left under ambient conditions for stabilization and drying 

for 1 hour. Wheat flour type 400 – sharp flour (particle size: 400 µm – 0.5 %, 

315 µm – 0.5 %, 160 µm – 45 %, 100 µm – 32 %, > 100 µm – 22 %) was used 

for biscuit production. Dough mixing was done using a Colossum Kitchen 

brand kitchen mixer with a spiral-shaped working element. Mixing lasted a total 

of 2 minutes, with one 1-minute pause for manual stirring. The formed dough 

rested for 12 hours under ambient conditions, after which it was shaped using 

molds and baked in an electric oven (Indesit) for 10 minutes. After baking, the 

samples were left to cool at room temperature for 1 hour. 

 

Quality of Sesame Oil  

The quality of sesame oil was examined by determining the acid value using 

an alkalimetric titration method. A 0.1 mol dm⁻³ potassium hydroxide (KOH) 

solution was used as the titrant, and phenolphthalein was used as the indicator. 

To identify the characteristics of sesame oil, the refractive index was 

measured. Measurements were conducted using a Abbe refractometer (Krüss 

Optronic,Germany) at a temperature of 27 °C. 

The oxidative stability of sesame oil was determined by applying a modified 

Wheeler method through the determination of the peroxide value. A 0.01 

mol dm⁻³ sodium thiosulfate solution was used as the titrant, and starch was 

used as the indicator (Dimić and Turkulov, 2000). 

 

Sensory Evaluation of Biscuits 

The sensory acceptability of the biscuits was assessed using a standardized 

descriptive method (Pajin, 2009), which evaluated key product attributes. 

Samples were coded and served in a random order under standardized 

conditions. The evaluation included the following parameters: external 

characteristics (shape, color, gloss, surface), structure and break, chewiness, 

flavor, and taste. Each attribute was rated on a scale from 0 to 5, with a higher 

score indicating a higher degree of acceptability. 

 

Results and discussion 

 

In Table 1, the results of oil extraction yields are presented. The highest oil 

yield was achieved by applying microwave treatment to the seeds (C), indicating 

more efficient release of the oil fraction and lower technological losses. In contrast, 
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the lowest oil yield was recorded for seeds that had previously undergone 

convective drying. The same treatment also showed the highest cake yield, 

confirming reduced oil extraction during pressing. 

  
Table 1. Oil extraction yield (AO, BO, CO) from seeds (A, B, C) and cake (AC, BC, CC) 

Sample A B C 

Oil yield (%) 30.80 25.60 33.34 

Cake yield (%) 65.73 72.70 65.28 

Losses (%) 3.47 1.70 1.38 

Oil extraction yield from cake (%) 38.20 ± 0.04 40.02 ± 0.85 37.61 ± 0.26 

 

These results indicate that the type of thermal treatment significantly affects the 

distribution of fractions during mechanical oil extraction (Karataş, 2015). The 

highest oil yield obtained from the cake was observed in the sample of seeds 

treated by convective drying (B). This result is expected, considering that the same 

treatment showed the lowest oil yield and the highest cake yield during mechanical 

extraction from seeds. A higher residual oil content in the cake after pressing 

indicates lower efficiency of the initial extraction, which allowed greater oil 

recovery in the subsequent solvent extraction. 

Table 2 shows the results of chemical analysis of oils obtained by different 

methods. 

 
Table 2. Result of chemical analysis AO, BO i CO 

Sample A B C 

Acid value (mg KOH g
-1

) 0.73 0.79 0.89 

Refractive index 1.471 1.470 1.471 

Peroxide value (mmol kg
-1

 O2) / / 5 

 

Increased acid value in thermally treated samples indicates a higher content of 

free fatty acids, which may be a result of partial lipid degradation due to heat 

exposure. The highest value in the microwave-treated sample (C) may be the result 

of rapid and intense thermal processing, which potentially affects the 

destabilization of the fatty acid structure. These results suggest that untreated seeds 

(A) yield oil of better chemical quality in terms of free fatty acid content. The 

refractive index values for all sesame oil samples were within a narrow range, with 

identical values for oils from untreated and microwave-treated seeds (1.471), while 

a slightly lower value (1.470) was measured for oil from convectively dried seeds. 

These values are consistent with literature data for cold-pressed sesame oil and 

indicate a stable chemical composition of lipids regardless of the seed treatment 

applied. The slight difference in the refractive index of the convectively dried 

sample (B) may be the result of minor changes in the fatty acid composition due to 
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thermal processing (Dimić and Turkulov, 2000). The peroxide value, which 

represents a measure of the initial phase of lipid oxidation, was determined only 

for the oil from microwave-treated seeds and amounted to 5 mmol O₂ kg
-1
 of oil. 

For the oil from untreated (A) and convectively dried seeds (B), peroxide values 

were not detected within the applied method. The obtained result) indicates a 

possible onset of oxidation processes in the microwave-treated sample (C), which 

may be due to high temperatures contributing to the formation of peroxide 

compounds. However, in the context of overall quality, this value still remains 

within acceptable limits for cold-pressed oils (Karataş, 2015). 

The sensory characteristics of biscuits are presented in Table 3. A detailed 

analysis of the results indicates significant differences in the sensory properties of 

the biscuits, which are influenced by the type of thermal treatment applied to the 

sesame seeds, as well as the presence or absence of cake in the formulation. 

 
Table 3. Sensory evaluation of biscuits 

Sample 
External 

character. 

Structure and 

break 
Chewiness Flavor Taste Total score 

A1 2.80 ± 1.57 4.18 ± 1.03 3.83 ± 1.61 5.00 ± 0.00 4.10 ± 0.79 15.71 ± 4.16 

A2 3.77 ± 0.68 4.20 ± 0.35 3.97 ± 0.06 5.00 ± 0.00 4.40 ± 0.53 16.95 ± 1.40 

B1 3.13 ± 1.21 4.03 ± 1.34 3.33 ± 1.53 5.00 ± 0.00 4.77 ± 0.25 15.37 ± 3.51 

B2 4.63 ± 0.32 3.83 ± 0.76 4.57 ± 0.40 4.67 ± 0.58 4.50 ± 0.50 17.73 ± 2.04 

C1 3.40 ± 1.22 3.97 ± 0.90 4.00 ± 0.87 4.33 ± 1.15 4.33 ± 0.58 16.03 ± 3.65 

C2 3.23 ± 0.75 3.63 ± 1.27 3.33 ± 1.04 4.33 ± 1.15 3.43 ± 1.25 14.19 ± 4.39 

 

The highest overall score was received by sample B2 (17.73 ± 2.04), 

confirming that the combination of this type of treatment and the addition of cake 

provides the most acceptable sensory profile. This sample also recorded the 

highest values in the categories of taste (5.00 ± 0.00), aroma (4.67 ± 0.58), 

structure (3.83 ± 0.76), and chewiness (4.57 ± 0.40), indicating a synergistic effect 

between the aromatic components of the oil and the functional properties of the 

cake. Samples B1 and C2 achieved the lowest overall scores (15.37 ± 3.51 and 

14.19 ± 4.39). This suggests that the thermal treatment itself, especially microwave 

processing, may negatively affect sensory attributes. A clear tendency was also 

observed that samples with the addition of cake generally received better scores 

compared to the corresponding samples without cake (Gernah and Kinyam, 2011; 

El-Enzi et al., 2018). This indicates that the presence of cake can contribute to 

improved texture, chewiness, and taste, as reflected in higher scores in these 

categories. Sample C1 showed average values across all categories, without 

pronounced deviations or advantages compared to other treatments, suggesting 

that microwave treatment alone without the addition of cake does not significantly 

enhance sensory qualities.  
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Based on these results, it can be concluded that the addition of cake in the 

formulation had a positive impact on most sensory parameters, especially in 

combination with convectively dried seeds. Such conclusions are also presented in 

the research by Saleh et al. (2025). At the same time, the type of thermal treatment 

of the seeds has a significant influence on the sensory properties of the final 

product, with convective drying proving to be the most favorable. The sensory 

characteristics of the samples prepared with oil and cake from microwave-treated 

seeds (C1, C2) may also be influenced by the factor of elevated ambient 

temperature during the baking process. Deformation of the diameter and height of 

the dough after shaping was observed in these samples, which can be attributed to 

fat migration due to the increased room temperature, potentially affecting the 

texture and overall score of the biscuits. This technical condition represents a 

variable factor that must be taken into account when interpreting the sensory 

analysis. Also, in sample B1, which was prepared exclusively with oil obtained 

from convectively dried seeds, deformation of the biscuit shape was observed after 

baking, with the shape changing from circular to oval. This phenomenon may 

indicate the influence of the specific composition of the oil (which remains in 

liquid form under ambient conditions) from convectively treated seeds on the 

rheological properties of the dough during thermal processing. Combined with the 

previously mentioned factors, such deformations highlight the importance of 

controlling technological parameters in the evaluation of the sensory acceptability 

of finished products. 

The results of chemical analyses indicate that seed treatment significantly 

affects the quality of the obtained oil, which in turn is reflected in the sensory 

characteristics of the biscuits. AO had the lowest acid value, indicating a lower 

level of free fatty acids and thus better chemical quality. A2 showed a high sensory 

score, especially in terms of taste and texture. On the other hand, CO had an 

elevated peroxide value, which is an indicator of initial oxidative changes. 

Although microwave treatment contributed to the highest oil yield, it is possible 

that oxidation products (Walitpan, 2023) and fat migration during baking 

negatively affected the dough stability and sensory quality, as confirmed by lower 

scores of those samples and deformation of shape after baking (Yang et al., 2020). 

BO recorded the highest acid value, which may be due to prolonged heat exposure. 

This chemical indicator correlates with the lowest sensory score of the biscuit 

prepared exclusively with that oil (B1), which also showed physical deformation of 

shape after baking. The results suggest that higher chemical quality of oil (lower 

acid and peroxide values) positively correlates with better sensory properties of the 

final product, while thermal treatments that impair chemical stability can 

negatively affect the acceptability of the biscuits (Prakash et al., 2025). 

For the area calculations (Figure 1), the formula for the area of a polygon in 

polar coordinates was used, taking into account the pentagonal structure of the 
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radar chart with equal angles of 72 degrees between consecutive measurement 

axes (Weisstein, 2020). The superior performance of sample B2 in almost all 

evaluated characteristics resulted in the largest enclosed area. 

 

 
Figure 1. Evaluation of biscuit sensory properties (QDA Diagram) 

 

Conclusion  

 

This research has shown that the type of sesame seed treatment affects the 

chemical properties of the oil as well as the sensory quality of the biscuits in which 

the oil and cake were used. Microwave treatment yielded the highest oil extraction, 

while untreated seeds resulted in oil of better chemical quality. Sensory evaluation 

indicates that the addition of cake can positively influence the quality of the final 

product, but also that the technical conditions of preparation can have a significant 

impact. The obtained results can serve as a basis for further application of sesame 

and its by-products in the confectionery industry. 
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Abstrakt: Hazelnut orchards in Serbia are increasingly threatened by 

various insect species, especially the invasive Brown Marmorated Stink Bug 

(Halyomorpha halys Stål, 1855; Hemiptera: Pentatomidae). In 2024, we 

monitored this pest using two methods: pheromone traps and beating (frappage) 

method, at three locations: Miokus, Ribari, and Ljukovo. The aim of the work 

was to assess the effectiveness of the mentioned methods in detecting the 

presence and abundance of H. halys. The highest number of specimens was 

recorded in Ribari (785), followed by Miokus (711), while a total of 192 

individuals were recorded in Ljukovo. The frappage method in Ribari and 

Ljukovo collected more specimens and proved to be more suitable for early 

detection of pest presence inside the orchards. At the same time, in Miokus the 

pheromone trap was more successful in detecting the Brown Marmorated Stink 

Bug for monitoring seasonal dynamics. The results indicated the need for 

continuous monitoring and the implementation of integrated pest management, 

with the aim of timely suppression of this invasive species. 

 

Key words: Halyomorpha halys, hazelnut, monitoring, frappage, 

pheromone trap 

 

 

Introduction 

 

The Brown Marmorated Stink Bug, Halyomorpha halys Stål (Hemiptera: 

Pentatomidae), is an invasive and economically important pest, first recorded in 

Serbia in October 2015 (Šeat, 2015). Initially confirmed in Vršac and in the 

"Jevremovac" Botanical Garden in Belgrade, the species gradually spread in 

Serbia (Musolin et al., 2017); most probably entered Serbia via railway 
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transport from the Bucharest–Belgrade route. Adults of this species exhibit 

various shades of brown, why they are commonly known as the Brown 

Marmorated Stink Bugs (BMSB) (Kereši et al., 2019). Adults overwinters 

typically in sheltered locations such as bark crevices, particularly in oak 

(Quercus spp.) and black locust (Robinia spp.) trees, including various man-

made structures (Lee et al., 2014). In Serbia, they complete two generations 

annually, with adults emerging in May to feed, mate, and lay eggs (Konjević, 

2020). The first generation‗s oviposition can extend until August, leading to 

overlapping generations. In August, the second generation of H. halys develops 

rapidly, with nymphs maturing by September when, as adults, seek 

overwintering sites (Konjević, 2016). This pest seriously damage hazelnut 

fruits, reducing its quality and market value. Its polyphagy and ability to switch 

host crops make monitoring in surrounding fields crucial. Within the framework 

of integrated pest management (IPM), the control of H. halys relies on a 

strategy that involves knowledge of the pest's biology, as well as the rational 

use of insecticides (Ivezić, 2020). 

This study examined the abundance and seasonal dynamics of BMSB in 

hazelnut orchards in Serbia using pheromone traps and the beating method 

(frappage) as most appropriate methods (Nielsen et al., 2009). The aim was to 

gather reliable data for timing control measures. Both monitoring methods 

effectively detect pests at different life stages while specimens sex separation 

allowed a better understanding of the reproductive dynamics. Generally, males 

migrate less within orchards, while females are more likely to stay toward the 

interior (Blaauw et al., 2016). Females lay eggs and their presence directly 

impacts crop damage and treatment needs. They play a key role in attracting 

natural enemies, especially egg parasitoids, which follow chemical traces that 

they leave (Arif et al., 2021). This study's findings can enhance integrated pest 

management strategies, helping to preserve the quality of hazelnut fruits and 

protect surrounding crops.  

 

Material and Methods 

 

The study was conducted in 2024 in three hazelnut orchards in Serbia: 

Ribari, Miokus, and Ljukovo. Two methods were used to detect the presence 

and monitor the population dynamics of H. halys: the beating method 

(frappage) and pheromone traps. 

The beating method was carried out using 20 x 2 m white cloth placed under 

hazelnut branches, which were vigorously shaken to dislodge the insects onto 

the cloth. Sampling was carried weekly, from May to September 2024 during 

early morning hours focusing on beginning (point 1), middle (point 2), and end 
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of each orchard (point 3) to assess the spatial distribution of the H. halys 

population. 

A pheromone trap using an aggregation pheromone (Trécé) attracts both H. 

halys males and females, including larvae/nymphs. One trap was set at each 

orchard's entrance, and stink bug abundance was recorded weekly from May to 

September. All samples were sent to the Entomology Laboratory at the Faculty 

of Agriculture, University of Novi Sad, for species identification. Identification 

was based on morphological characteristics using available identification keys 

(Wyniger and Kment, 2010; Vétek et al., 2014). Adults sampled by the beating 

(frappage) method were then sexed, and the sex ratio was calculated using the 

following formula:  

(Pm/Pf)*100, 

where Pm is the number of males and Pf the number of females; values 

above 100 indicate a male-biased ratio, while values below 100 indicate a 

female-biased ratio. 

 

Results and Discussion 

 

During the study conducted at the Ribari, Miokus, and Ljukovo sites, adult 

of the invasive species H. halys were recorded in all sampled locations, 

confirming its widespread presence across different agroecological conditions. 

The highest abundance of adults was observed at the Ribari site, with 785 

specimens, followed by Miokus with 711, and Ljukovo, with the lowest capture 

of 192 specimens recorded (Figure 1). 

 

 
Figure 1. Total number of Halyomorpha halys adults at Ribari, Miokus, and Ljukovo in 

2024. 

 

The results showed spatial differences in H. halys population abundance 

among different locations. These differences may be attributed to several 

factors, like varying overwintering microhabitats and different agricultural 

activities at each site. 
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Ribari Site 

During 2024, a total of 785 H. halys adults were collected at the Ribari site, 

representing the highest abundance compared to the other analyzed locations. 

This included 525 specimens captured using the beating method (frappage), and 

260 with pheromone traps. 

The analysis of specimens distribution in the orchard showed that point 1, 

bordering a forest complex, had the highest count of 362 specimens. Point 2, in 

the rochard‘s center, had only 41 specimens, while at point 3, near corn fields 

and an old cherry orchard, there were 122 specimens (Figure 2). 

 

 
Figure 2. Abundance of Halyomorpha halys adults at the Ribari site in 2024. 

 

Such distribution indicates a pronounced spatial heterogeneity in the 

population abundance of H. halys within the orchard itself. Point 1 showed the 

highest concentration of specimens due to its proximity to the forest, which 

provides ideal overwintering conditions and diverse food sources. Point 2, 

located in the middle of the orchard showed low pest abundance, while in 

contrast, point 3, near corn fields and an old cherry orchard, showed a higher 

presence of the pest, indicating possible movement of this polyphagous species 

to various surrounding plant species. Such distribution highlights H. halys's 

preference for neighboring plants, reflecting its edge-oriented behavior 

(Venugopal et al., 2015). The relatively high number of specimens recorded in 

the pheromone trap (260) indicates the presence of a large and active population 

at this site. 

The difference in the number of specimens collected using the beating 

method (525) compared to pheromone traps (260) suggests that the traps may 

be more effective at attracting migrating individuals, particularly those that tend 

to gather and respond to aggregation pheromones. Figure 2 shows two peaks in 

adult insect captures by trap: one at the beginning of the monitoring period 
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when they leave shelters for food, and another in mid-August as newly molted 

adults prepared for winter. The beating method offers a more accurate depiction 

of population density within the orchard, highlighting specimens focused on 

feeding rather than aggregation. The diverse plant species and sheltered 

overwintering sites make the Ribari location a suitable habitat for H. halys, 

potentially making a hotspot from which the pest can spread to nearby areas.  

 

Miokus Site 

A total of 711 H. halys adults were collected at the Miokus site, with 305 

specimens recorded using the beating method (frappage) and 406 captured by 

pheromone traps (Figure 3). The high capture rate by pheromone trap confirms 

the presence of an active and abundant population at this site, indicating that 

pheromone traps effectively detect migrating or food-seeking specimens. Figure 

3 shows three key peaks in the population dynamics observed by the traps. The 

first peak in June represents overwintered adults searching for food. The second 

peak in mid-July corresponds to first-generation adults that subsequently laid 

eggs, and the final peak in late August marks the emergence of second-

generation adults ready for overwintering.  

The beating method recorded the highest number of H. halys specimens at point 

1, with 193 individuals near a forest dominated by Robinia spp. (family Fabaceae). 

This was followed by point 3 with 79 specimens near alfalfa (Medicago sativa L.), 

while point 2 in the orchard center had the lowest capture of 33 specimens. Figure 3 

shows that the abundance at point 1 aligns with the pheromone trap results, while 

population dynamic is less distinct at points 2 and 3.  

 

 
Figure 3. Abundance of Halyomorpha halys adults at the Miokus site in 2024. 

 

Data from the Miokus site indicate that the increase in H. halys population in 

this hazelnut orchard may be linked to surrounding plant species. Point 1, 

surrounded by unmanaged vegetation like black locust (Robinia pseudoacacia 
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L.), provides favorable conditions for H. halys development and overwintering, 

making it an attractive habitat that facilitates specimens movement from one 

location to another. Black locust, belonging to the Fabaceae family is known to 

be a preferred H. halys host plant (Lee et al., 2013; Pajač et al., 2024). The low 

number of specimens in the orchard‗s center (point 2) was expected, as H. halys 

is typically found along the edges of fields or orchards (Bosco et al., 2018). At 

point 3, where in nearby alfalfa was sown in 2024, BMSB abundance was 

moderate compared to point 1 and higher than at point 2. This suggests that 

alfalfa, also a member of the Fabaceae family, can serve as a source for stink 

bug‗s dispersal into the hazelnut orchards. 

 

Ljukovo Site 

At the Ljukovo site, 192 BMSB specimens were recorded, with 115 captured 

using the beating (frappage) method and 77 using pheromone traps. The trap 

captures indicated a peak of overwintering individuals in early June, followed 

by a second peak of newly formed adults in late August and early September, as 

they gathered to find overwintering (Figure 4). 

The distribution of H. halys at the Ljukovo site showed that the highest 

number of specimens were at point 3, where sugar beet and wheat were present 

(52 specimens), and point 1 near the maize field (45 specimens). While maize is 

a confirmed host for this species, wheat is not generally considered a primary 

host of H. halys. However, the presence of adults during the milk and soft 

dough stages of wheat suggests that it can attract stink bugs during specific 

growth phases, and offer temporary shelter during migration (Rice et al., 2014). 

As expected, the lowest number of individuals was recorded at point 2 (18 

individuals), located in the middle of the hazelnut orchard. 

 

 
Figure 4. Abundance of Halyomorpha halys adults at the Ljukovo site in 2024. 



 

 

Milana Ĉović                                                         XIV Conference of Agronomy Students 

181 

 

Considering the lower number of specimens recorded by the beating 

(frappage) method, pheromone traps proved to be a useful tool for tracking 

BMSB population movement, especially during early June migrations and late 

August to early September preparations for overwintering. 

 

Sex ratio analysis of the population 

The analysis of the H. halys population sex ratio showed that females 

predominated at the Ribari and Miokus sites, while males outnumbered females 

at the Ljukovo site (Table 1). 

 
Table 1. Sex ratio of Halyomorpha halys in the total sample at the studied locations in 

2024 

 Males Females Sex ratio 

Ribari 246 279 88,2 

Miokus 127 178 71,3 

Ljukovo 71 44 161,44 
 

The results in Table 1 show that males dominate in smaller populations, 

while females are more common in larger ones. Existing literature does not 

report significant sex ratio differences for H. halys during the growing season. 

In Romania, male dominance was observed at overwintering sites, with more 

males found in fallen leaves at two out of five locations in autumn and three out 

of five in spring (Sfircfulus et al., 2024). However, the reasons for the observed 

sex ratio remain uncertain, highlighting the need for further research. 

 

Conclusion 

 

A study conducted in 2024 in three hazelnut orchards in Serbia found that 

the invasive species H. halys was most abundant in Ribari (785 specimens), 

followed by Miokus (711), and least in Ljukovo (192). At Miokus, more stink 

bugs were captured using pheromone traps, while Ribari and Ljukovo revealed 

higher captures with the beating (frappage) method. 

Female dominance, recorded by the beating method, was observed at the 

Ribari and Miokus locations, while more males than females were recorded at 

the Ljukovo site. 

Combining monitoring methods, such as pheromone traps and the beating 

method, with knowledge of H. halys‗s biology is crucial for the pest control. 

The obtained data serve as a basis for precise planning and timely integrated 

pest management in hazelnut orchards and other affected crops, helping to 

maintain yield quality and reduce economic losses.  
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Abstract: Apple consumption per capita in Bosnia and Herzegovina is at a 

low level, similar to the situation in some leading European fruit-growing 

countries. The main reasons for this include the aging consumer population, low 

household incomes, high apple prices in markets, dissatisfaction with the quality 

of available varieties, and the perception that apples offer fewer health benefits 

compared to other fruit types. Consumer habits are formed at an early age, 

making their development during childhood crucial for the long-term increase in 

apple consumption. To assess children's preferences for apples, a sensory 

evaluation of six apple varieties available on the Banja Luka market was 

conducted. The study involved 40 primary school students (pre-teens), aged 10 

years (25 boys and 15 girls). The evaluation covered external characteristics 

(size, shape, and color) and internal attributes (firmness, texture, juiciness, and 

taste) of the Red Delicious, Golden Delicious, Granny Smith, Story, Idared, and 

Gala varieties. Participants preferred apples that were distinctly colored, oblate-

conical in shape, and medium to large in size. Additionally, they showed a 

preference for apples with a well-balanced taste, slightly tart notes, firm and 

crisp flesh, and pronounced juiciness.  

 

Key words: perception, consumption, quality, evaluation. 

 

 

Introduction  
 

The apple market in Bosnia and Herzegovina is predominantly supplied with 

well-known cultivars such as Idared, Golden Delicious, Granny Smith, and 

Gala, mostly produced by growers from various countries. Although consumers 

reportedly perceive differences in fruit quality between domestic and imported 
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apples (particularly with the cultivar Idared) these perceptions do not appear to 

influence purchasing behavior in any significant way. 

Fruit quality is a complex trait, determined by both morphological and 

organoleptic characteristics such as size, shape, skin color, aroma, taste, 

juiciness, crispness, and firmness. In addition, quality is shaped by agronomic 

practices, biochemical processes, and the fruit‘s nutritional composition 

(Abbott, 1999; Bonany et al., 2014). Despite the availability of numerous 

cultivars, apple consumption per capita in Bosnia and Herzegovina remains low, 

mirroring trends observed in some leading European fruit-producing countries. 

Fedrigotti and Fischer (2020), based on case studies from South Tyrol, 

identified several key factors contributing to this decline in apple consumption: 

(i) the rising average age of consumers, (ii) economic limitations such as low 

household income and high apple prices, (iii) dissatisfaction with the quality of 

commonly available apple cultivars, and (iv) the perception among health-

conscious consumers that apples offer less nutritional value than other fruit 

types. Understanding consumer attitudes is essential for aligning fruit quality 

with market expectations (Bonany et al., 2014). However, existing studies in 

this area have primarily focused on the preferences of current adult consumers - 

namely members of Generations X and Y - while younger consumers from 

Generations Z and Alpha remain underexplored due to their limited purchasing 

power (Jesionkowska et al., 2006). Children‘s consumer behavior is influenced 

by a wide range of factors and evolves through various developmental stages in 

which they learn, adapt, and eventually form their own consumption patterns. 

As emphasized by Zlatanova-Pazheva (2024), studying these patterns provides 

valuable insights that can assist marketers and producers in understanding and 

engaging the child consumer from an early stage. 

The aim of this study is to evaluate elementary school students‘ perceptions 

of the key quality attributes of different apple cultivars. 

 

Material and methods  

 

The sensory evaluation was conducted in early October 2024 at the Faculty 

of Agriculture, University of Banja Luka. The participants were fourth-grade 

pupils from the elementary school "Branko Radičević" in Banja Luka. A total of 

40 students (25 boys and 15 girls), all aged 10 (pre-teens), participated in the 

study. Six apple cultivars commonly available on the Banja Luka market were 

evaluated: Red Delicious, Golden Delicious, Granny Smith, Story, Idared, and 

Gala. The assessment focused on both external (size, shape, and color) and 

internal (flesh firmness, texture, juiciness, and taste) fruit attributes. Before the 

tasting session, students were introduced to the key external and internal 

characteristics they were asked to evaluate. The fruits were sourced from a local 
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supermarket and stored under appropriate conditions until the time of testing. 

Evaluation proceeded in two stages: first, students assessed the external 

characteristics of whole fruits; then, they evaluated internal traits using peeled 

and sliced samples. Each participant tasted 1–2 pieces per cultivar, presented in 

random order to minimize bias. A 5-point hedonic scale was used for all 

evaluations, ranging from 1 (least liked) to 5 (most liked). The influence of 

cultivar on children's preferences was analyzed using analysis of variance 

(ANOVA), with statistical significance set at p ≤ 0.05. Duncan‘s multiple range 

test was applied for post-hoc comparison and ranking of mean scores. Results 

are presented as means ± standard deviation (SD). All statistical analyses were 

performed using Statgraphics Centurion software, version 16. Results are shown 

in tabular and graphical form. 

 

Results and discussion 

 

Evaluation of External Fruit Characteristics 
The assessment of the external fruit characteristics of the evaluated apple 

cultivars is presented in Table 1. Statistically significant differences were 

observed among the cultivars for all evaluated traits (p ≤ 0.05). The highest 

scores for fruit size were recorded for Granny Smith (4.60), Story (4.58), and 

Golden Delicious (4.55), whereas Gala received the lowest score (3.33), 

significantly different from all other cultivars.  

 
Table 1. Evaluation of external fruit characteristics of the assessed apple cultivars 

 Size Shape Colour Total 

 X ± Sd  

Red delicious 4.17 ± 0.14
a
 3.45 ± 0.19

d
 4.27 ± 0.17

ab
 11.89 

Granny Smith 4.60 ± 0.11
a
 4.83 ± 0.08

a
 4.60 ± 0.12

a
 13.03 

Idared 4.47 ± 0.15
a
 4.20 ± 0.14

c
 3.83 ± 0.20

c
 12.50 

Gala 3.33 ± 0.20
b
 4.35 ± 0.17

bc
 4.10 ± 0.15

bc
 11.78 

Story 4.58 ± 0.14
a
 4.07 ± 0.18

c
 4.63 ± 014

a
 13.28 

Golden Delicious 4.55 ± 0.15
a
 4.73 ± 0 11

ab
 4.45 ± 0.18

ab
 13.73 

 *** *** **  
*, **, ***: indicate statistically significant differences at the 0.05, 0.01, and 0.001 levels, respectively. 

a–d: Mean values followed by different letters indicate statistically significant differences between cultivars 

according to Duncan‘s test (α = 0.05). 

 

This indicates a general preference among children for larger fruits, likely 

due to the visual appeal and perceived higher value. Similar findings were 

reported by Jesionkowska et al. (2006), who noted that 52.3% of pre-teens 

preferred medium-sized fruits and 44.1% preferred large ones. In terms of fruit 

shape, the highest ratings were again given to Granny Smith and Golden 
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Delicious, both of which exhibit an oblate-conical shape, which appears to be 

favored by this age group. Red Delicious together with Idared, and Gala - 

which tend to be more spherical - received lower ratings. Color played a 

substantial role in preference, with Story (4.63) and Granny Smith (4.60) 

receiving the highest scores, followed by Golden Delicious (4.45). Children 

favored uniformly colored, intensely pigmented apples. Interestingly, despite 

the traditional preference for red apples noted in literature (Jesionkowska et al., 

2006), in this study, Granny Smith (green) and Story (bi-colored but vibrant) 

were highly rated, suggesting that intensity and uniformity of color might be 

more important than hue alone. 

 
Evaluation of Internal Fruit Characteristics 

As shown in Table 2, all internal fruit traits (flesh firmness, juiciness, 

texture, and taste) exhibited statistically significant variation among cultivars. 

Granny Smith and Story scored the highest for flesh firmness (4.45), whereas 

Red Delicious received the lowest score (1.87), likely due to physiological 

disorders such as mealiness, which is commonly observed during inadequate 

storage.  

 
Table 2. Evaluation of internal fruit characteristics of the assessed apple cultivars 

 Flesh firmness Juiciness Texture Taste Total 

Red delicious 1.87 ± 0.22
c
 2.45 ± 0.27

c
 2.15 ± 0.25

b
 3.00 ± 0.27

d
 9.47 

Granny Smith 4.45 ± 0.18
a
 3.90 ± 0.26

b
 3.97 ± 0.23

a
 3.65 ± 0.26

c
 15.97 

Idared 3.63 ± 0.23
b
 4.13 ± 0.19

ab
 3.73 ± 0.21

a
 4.35 ± 0.17

ab
 15.84 

Gala 3.65 ± 0.26
b
 4.05 ± 0.22

b
 3.85 ± 0.23

a
 4.00 ± 0.24

bc
 15.55 

Story 4.45 ± 0.21
a
 4.33 ± 0.18

ab
 4.28 ± 0.21

a
 4.28 ± 0.20

b
 17.34 

Golden Delicious 4.15 ± 0.18
ab

 4.70 ± 0.12
a
 3.87 ± 0.22

a
 4.93 ± 0.04

a
 17.65 

 *** *** *** ***  
*, **, ***: indicate statistically significant differences at the 0.05, 0.01, and 0.001 levels, respectively. 

a–d: Mean values followed by different letters indicate statistically significant differences between cultivars 
according to Duncan‘s test (α = 0.05). 

 

Children at this age group seem to favor firmer textures, a preference that 

increases with age (Jesionkowska et al., 2006). Golden Delicious was rated the 

juiciest cultivar (4.70), while Red Delicious again received the lowest score 

(2.45). The lower score for Granny Smith (3.90) may reflect its stage of ripeness 

at the time of tasting. In terms of texture, Story stood out with the highest rating 

(4.28), whereas Red Delicious again scored the lowest (2.15), most likely due to 

a mealy mouthfeel. Taste preferences showed a strong inclination toward 

sweetness. Golden Delicious received the highest score (4.93), followed by 

Story and Idared. These findings align with the broader European market, 
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where sweet apples are preferred by a majority of consumers (Bonany et al., 

2014).  

This preference for sweetness is further supported by Jesionkowska et al. 

(2006), who found that 72.0% of pre-teens in Poland favored sweet-tasting 

apples. 

 
Overall Preference Patterns 

A graphical summary of total scores (Figure 1) confirms that Golden 

Delicious, Granny Smith, and Story were the most appreciated by children, 

exhibiting superior performance across both external and internal traits.  

 

 
Figure 1. Graphical representation of fruit attribute ratings for the evaluated apple 

cultivars 

 

Based on cumulative scores, cultivars can be grouped as follows: 

- highly acceptable to pre-teen consumers: Golden Delicious, Granny Smith, 

Story 

- conditionally acceptable: Idared, Gala 

- unacceptable: Red Delicious 

These findings suggest that even within a young demographic, nuanced 

preferences exist and can be linked to cultivar-specific traits. Such insights can 

inform future marketing and breeding strategies aimed at increasing apple 

consumption among children. 
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Abstract: Biodiesel was obtained by transesterification of sunflower waste 

cooking oil (SWCO) with methanol using alkaline catalyst. To prevent 

saponification, zeolite was used to remove water from SWCO. The oil to 

methanol molar ratio was 1:6 to shift the equilibrium to the products side and 

higher ester yield. The composition of obtained esters was determined by gas 

chromatography mass spectrometry (GC-MS). The main side product of the 

transesterification process is glycerol which is contaminated with alkali catalyst 

and alcohol, and thus, is not useful for conventional applications such as in 

toothpaste, drugs, paints and cosmetics. To allow conversion of this glycerol 

into value added products and generate additional revenue for the biodiesel 

industry, Bacillus subtilis was used for microbial conversion of byproduct 

glycerol into active compounds that potentially can be used as biopesticides.  

 

Key words: biodiesel, waste cooking oil, Bacillus subtilis, volatile organic 

compounds, biopesticides. 

 

Introduction  

 

Biodiesel, an alternative diesel fuel, is made from renewable biological 

sources such as vegetable oils and animal fats. It is biodegradable and nontoxic, 

has low emission profiles and so is environmentally beneficial (Ma and Hanna, 

1999.). The cost of biodiesel, however, is the main hurdle to commercialization 

of the product. There are four primary ways to make biodiesel, direct use and 

blending, microemulsions, thermal cracking (pyrolysis) and transesterification. 

The most commonly used method is transesterification of vegetable oils and 

animal fats. The transesterification reaction is afected by molar ratio of 
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glycerides to alcohol, catalysts, reaction temperature, reaction time and free 

fatty acids and water content of oils or fats. 

Over the last two decades, the global demand and consumption of vegetable 

oils have grown significantly, rising from 83 million tons (Mt) in 2000 to over 

217 Mt by 2023. Out of this total, approximately 167 Mt were utilized in 

biodiesel production, while the remainder was mainly consumed by the food, 

animal feed, and pharmaceutical industries (Beghetto, 2025).  

Biopesticides are natural, biologically occurring compounds that are derived 

from natural materials (or their metabolites) such as microbes, plants, animals 

and minerals. They can used to control various agricultural pests infesting plants 

in forests, gardens, farmlands, etc. They generate only minor negative outcomes 

compared to chemical pesticides, thus, they are expected to occupy a large share 

of the market in the coming period (Kumar et al., 2021).  

In this work, the biodiesel was obtained by transesterification of the waste 

sunflower oil obtained after frying.  The main byproduct of biodiesel production 

(glycerol) was converted by Bacillus subtilis into volatile organic compounds 

that potentially can be used as biopesticides.     

 

Material and methods  

 

Transesterification of waste sunflower cooking oil 

Disposed sunflower oil obtained after frying was dehydrated by 5 wt% 

zeolites. Zeolites was removed by centrifugation and dehydrated oil was mixed 

with anhydrous methanol at molar ratio of 1:6, respectively. The sodium 

hydroxide (0.5 wt%) was used as a catalyst. The transesterification reaction was 

performed in batch reactor at 60°C for 2 hour. The main byproduct of biodiesel 

production was glycerol and was separeted by centrifugation at 6000 rpm. 

Biodiesel production sequence by transesterification was also shown on Fig. 1. 

Biodiesel yield was quantified by calculating the percentage of biodiesel 

produced relative to the initial amount of oil used in the transesterification 

process. Qualitative characteristics of biodiesel was investigated by gas 

chromatography-mass spectrometry by gas chromatography (Agilent 
Technologies 7890 B GC System, AIM, Littleton, CO, USA) coupled with mass 
spectrometry (Agilent Technologies 5977A MSD, AIM, Littleton, CO, USA). 10 μL of 

biodiesel was disolved in 1 mL of acetone and this mixture was put in 2 mL 

vial. The liquid sample (3 μL)  was injected in GC inlet at temperature of 

290°C. The split ratio was 30:1 and gas sample was transferred to the analytical 
column (HP-5, Agilent Technologies, AIM, Littleton, CO, USA). Ultra-high purity 5.0 
grade helium (Messer Tehnogas AD, Belgrade, Serbia) was used as a carrier gas at 
a constant flow at 1 mL/min. The oven temperature was programmed for an initial 
160 °C for 0 minutes and was then increased in one steps: 160–290 °C at a rate of 
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4 °C/min and held for 1 minute at 290 °C; Solvent delay was 2 minutes. During the 
analysis, data acquisition was carried out in full scan mode (m/z 35–350) operated 
in the electron ionization mode at 70 eV with a source temperature of 230 °C. The 
compounds were identified by comparison with the National Institute of Standards 
and Technology (NIST) database. 

 

 
Figure 1. Biodiesel production sequence by transesterification 

 

Microbial conversion of glycerol into value-added products 

Bacillus subtilis was used for conversion of glycerol (a main by product of 

biodiesel production) into value added products. Culture was mainted on 

nutrient agar at 4 °C. Prior cultivation Bacillus subtilis was transfered to 

nutrient agar and incubated for 48h at 28 °C. Inoculum preparation was 

performed by cultivating of tested bacteria in the nutrient broth for 48h at 28 °C. 

Cultivation media was glycerol separated from biodiesel. Cultivation media 
was inoculated with 10% (v/v) of the prepared inoculum relative to the 

cultivation media volume. Cultivation of tested bacteria in the glycerol media 

was carried out for 96 h at 28 °C. 

 

Collection of VOCs and GC-MS analysis of value-added products obtained 

by microbial conversion of glycerol 

Volatile organic compounds (VOCs) emitted by inoculation of Bacillus 
subtilis in cultivation medium (glycerol as a byproduct of biodiesel 
production) were determined by using headspace solid-phase micro-
extraction followed by gas chromatography (Agilent Technologies 7890 B GC 
System, AIM, Littleton, CO, USA) coupled with mass spectrometry (Agilent 
Technologies 5977A MSD, AIM, Littleton, CO, USA). Briefly, the 0.2 g of the 
inoculated samples obtained after 96 h of cultivation of tested bacteria at 
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28°C was placed in a headspace vial, followed by the addition of 1 μL of 
internal standard (a solution of 1-chlordecane in acetonitrile at a 
concentration of 200 ppm). Vials containing only cultivation media served as 
negative controls. Each vial was sealed using a cap with PTFE/silicone septa 
and incubated at 43 °C. The solid phase microextraction fiber 
(Divinylbenzene/Polydimethylsiloxane 65 µm, Agilent Technologies, AIM, 
Littleton, CO, USA) was inserted into the head space of the vial containing the 
sample solution.The extraction was carried out at 43 °C with 60 min of fiber-
exposed time. After sampling, the SPME fiber was withdrawn into the needle, 
removed from the vial, and inserted into the hot injector port (260 °C) of the 
GC system where the extracted analyte was desorbed and transferred to the 
analytical column (HP-5, Agilent Technologies, AIM, Littleton, CO, USA). A 
relatively long desorption time in the injector (10 min) was selected to avoid 
carryover between runs to ensure full desorption of analyte from the fiber. 
Ultra-high purity 5.0 grade helium was used as a carrier gas at a constant 
pressure at 16,6 psi along with the spitless injection at 2 minutes. The oven 
temperature was programmed for an initial 40 °C for 15 minutes and was 

then increased in two steps: 40–120 °C at a rate of 3 °C/min and held for 0 
minutes at 120°C; 120–280 °C at a rate of 20 °C/min and held for 8 minutes 
at 280°C. During the analysis, data acquisition was carried out in full scan 
mode (m/z 35–350) operated in the electron ionization mode at 70 eV with a 
source temperature of 230 °C. Volatile compounds were identified by 
comparison with the National Institute of Standards and Technology (NIST) 
database. The VOCs that showed mass spectra with matching factor above 

850 were considered as identified substances. 
  

Results and discussion 

 

Figure 2 shows GC-MS analysis of methyl esters obtained by 

transesterification of SWCO with methanol. Figure 2a shows GC measurement 

profile of obtained esters showing four peaks at retention time of 11.8, 11.959, 

17.794 and 32.787 minutes, respectively, indicating the presense of four methyl 

esters. The surface area of the 4
th
 peak is the largest indicating the highest 

concentration of this compound. The electron ionization (EI) mass spectra of 

obtained compounds are shown on Fig. 2 b, c, d and e. NIST library associated 

with the NIST MS Search program was used as tools in the qualitative analysis 

of methyl esters using mass spectrum data shown on Fig. 2. NIST analysis 

results are shown on Table 1 indicating the presence of four methyl esters (9,12-

octadecdienoic acid methyl ester, elaidic acid methyl ester; palmitic acid methyl 

ester, linoleic acid methyl ester). On the other hand, biodiesel yield was about 96%. 
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Figure 2. GC-MS analysis of methyl esters obtained by transesterification of SWCO 

with methanol: a) GC measurement profile; b) electron ionization mass spectrum of 

compound at retention time 11.8 min; c) mass spectrum of compound at retention time 

11.959 min; d) mass spectrum of compound at retention time 17.794 min; e) mass 

spectrum of compound at retention time 32.787 min. 
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Table 1. The results of qualitative determination of biodiesel methyl esters  

Retention time (min) Identify compound 

11.8 min 9,12-Octadecdienoic acid methyl ester 

11.959 min Elaidic acid methyl ester 

17.794 Palmitic acid methyl ester 

32.787 Linoleic acid methyl ester 

 

Bacillus subtilis have ability to act as a biocontrol agent on plants preventing 

pathogen bacteria to infect the roots of plants by formation of biofilm. 

Formation of biofilms by B. subtilis is a complex process that includes secretion 

of surfactin, a lipopeptide antimicrobial agent (Bais et al. 2004). On the other 

hand, volatile organic compounds (VOCs) produced by Bacillus species exhibit 

biocontrol activity against fungal pathogens of fruits and vegetables (Wang et 

al. 2024). 

Figure 3 shows GC-MS chromatogram of the sample obtained after 

fermentation of biodiesel glycerol by Bacillus subtilis.  

 

 
Figure 3. HS-SPME-GC-MS profiles of detected VOCs: a) glycerol medium before 

inoculation; b) glycerol medium after inoculation with Bacillus subtilis 
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The sample was collected by head space solid phase microextraction (HS-

SPME). Comparing chromatograms of non-inoculated and inoculated glycerol 

samples helped in identifying of compounds obtained through fermentation 

process. Table 2 shows volatile organic compounds obtained by microbial 

conversion of biodiesel glycerol. Volatile biosynthesis is usually based on 

pyruvate and therefore takes place in primary metabolism (Lammers et al. 

2022). Glycerol is converted to pyruvate through a series of enzymatic 

reactions, primarily involving glycerol kinase, glycerol-3-phosphate 

dehydrogenase, and enzymes of the glycolysis pathway. Pyruvate can be 

directly metabolized to short acids or alcohols (Peñuelas et al. 2014). Under 

aerobic conditions pyruvate is metabolized to acetyl-CoA and can enter the fatty 

acid anabolism, citric acid cycle or be converted to terpenes. The fatty acid 

metabolism results mainly in alkanes, alkenes, aliphatic alcohols and ketones 

(Lammers et al. 2022). The β-oxidation with acetyl-CoA results only in fatty 

acids with even numbers, for odd-chain fatty acids propionylCoA replaces one 

acetyl-CoA in the final step. Typical volatile products from the fatty acid 

pathway are aldehydes such as nonanal, ketones such as nonan-2-one or fatty 

acids such as nonanoic acid (Peñuelas et al. 2014). 

 
Table 2. VOCs emitted by Bacillus subtilis 

Compound Retention time (minutes) 

Acetic acid 5.463 

Alpha-terpineol 6.65 

Oxime-, methoxy-phenyl- 6.835 

Acetophenone 7.866 

1-Octanol 8.106 

Phenylethyl Alcohol 11 

Nonanoic acid methyl ester 14.29 

2-Cyclopenten-1-one, 2-pentyl 17.256 

2-Nonanone, 9-hydroxy- 17.455 

 

Conclusion 

 

In this work we demonstrated the production of biodiesel by 

transesterification of waste sunflower oil with methanol. Biodiesel was obtained 

at high yield. The main byproduct of biodiesel production (glycerol) was 

valorized by microbial transformation into value added products. In our case, 

Bacillus subtilis was used for transformation of this glycerol into volatile 

organic compounds that can potentially be used as biopesticides. Next 

investigations will be carried out to in vivo investigations biocide potential of 

obtained VOCs and to develop the GC methods for determination of slightly 

volatile compounds obtained by microbial transformation. 
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Abstract: Renewable biopolyol was obtained by transesterification of 

sunflower waste cooking oil with glycerol using dibutyltin dilaurate catalyst. 

The hydroxyl number of derived polyol was 260 mg (KOH)/g. The silica 

particles were generated from supersaturated sodium silicate solution derived 

from wheat straw ash. Silica particles were polydispersed with size between 220 

and 1000 nm. Polyurethanes were obtained by mixing polyol, isocyanate and 

silica. Silica particles were uniformly distributed in polymer matrix. Obtained 

polyurethane-silica composite had improved mechanical properties.  

 

Key words: food and agricultural waste, polyurethane, renewable materials, 

silica, biocomposite 

 

 

Introduction  

 

Polyurethanes (PUs) are an important class of the polymer materials with the 

global market of USD 78.07 billion in 2023 and is expected to grow at a CAGR 

of 4,5% from 2024 to 2030 (Węgrzyk et al., 2024). The most of polyols used for 

PU preparation are obtained from petroleum sources. With petroleum oil 

reserves becoming depleted and subsequent impetus to reduce global warming 

pollution, there is a need to produce raw materials from alternative sources, 

especially from biorenewable resources.  

According to the Organization for Economic Co-operation and 

Development, 42 million tons of waste edible plant oil (WEPO) are generated 

annually. The average greenhouse gas (GHG) emission for producing 1 kg of 

refined plant oil is 3.81 CO2-eq, so recycling this waste represents a sustainable 

way to minimize the harmful environmental impact of WEPO, which arises 

from its disposal. Additionally, recycling WEPO into new products can reduce 



 

 

Jovana Kostić                                                         XIV Conference of Agronomy Students 

199 

the use of other natural resources. On the other hand, agricultural industry 

produce large amount of biomass. However, significant amount of organic 

waste and residues are still underutilized.  

Recently, it has been demonstrated that natural fibers extracted from 

agricultural waste and wood industry residues can be used to produce 

composites or as reinforcers of thermoplastic and thermoset polymer matrices 

(Nikolić et al., 2024; El Bessoumy et al., 2022). 

In this work, waste sunflower oil obtained after frying was transformed into 

biopolyols through transesterification processes. Obtained polyols reacted  with 

isocyanates to form polyurethanes. The silica particles obtained from wheat 

straw ash were used as a fillers in production of polyurethanes.  

 

Material and methods  

 

Production of polyol by transesterification of waste sunflower cooking oil 

Disposed sunflower oil obtained after frying was used for synthesis of 

polyol. This oil was mixed with glycerol at molar ratio of 1:3, respectively. 

Dibutyltin dilaurate (DBTDL) was used as a catalyst. The transesterification 

reaction between oil and glycerol was performed in batch reactor at 185°C for 4 

hour. The biopolyol obtained from disposed sunflower oil was mixed with chain 

extender ethylene glycol at the mas ratio 5:1. 10 wt% zeolites was used to 

remove the rest of water from obtained polyol system. 

 

Production of silica filler from wheat straw ash 

Wheat straw ash undergoes alkaline treatment to form a Na2SiO3 solution. 20 

g of ash was dissolved in 200 mL of 2.5 mol/L NaOH. The solution was 

magnetically stirred at 80°C for 5 hours. After the time has expired the ash was 

separated from the liquid phase by centrifugation and obtained supernatant was 

used for the next cycle of extraction adding new amount of ash (20 g).  The 

process has been repeated five times. The obtained final sodium silicate solution 

was left in flask. After seven days the clear solution of sodium silicate obtained 

from straw ash started to coalescence and became milky indicating on 

spontaneous precipitation of silica. The precipitation followed for the next 10 

days at room temperature. The obtained precipitate was washed with water and 

dried at 100 °C for 10 hours.  

 

Production of polyurethane biocomposites 

To remove the bound water, the as-synthesized silica particles were firstly 

dried at 250°C for three hours and then three hours at 450°C. Before use, the 

dried powder was kept at exicator. Silica particles were mixed with polyol 

system followed by addition of diphenylmethane-4,4'-diisocyanate 
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(DESMODUR PA 50, Bayer) (Figure 1). The silica concentration in 

polyurethane composites was 5 wt%. On the oher hand, mass ratio between 

polyol system and is diphenylmethane-4,4'-diisocyanate was 100:77. The 

mixture was well stirred for 30 seconds and then poured into aluminium mold 

for the production of tensile test specimens (Figure 2). The dimensions of molds 

for production of tensile test specimens are according ASTM E 646-98 

specifications (Narayanan and Kumar, 2011). Aluminium mold was put on 

50°C heating plate to provide low gradient temperature profile within the 

sample in the mold. The sample was kept in the mold for four hours. 

 

 
Figure 1. Scheme for the preparation of polyurethane biocomposites 

 

Characterization of materials 

The size and morphology of the silica particles and silica-polyurethane 

composites were examined using a scanning electron microscope (SEM, JSM-

6390 LV JEOL, operating at 30 kV) coupled with energy dispersive x-ray 

spectroscopy (EDS) (Oxford Instruments X-MaxN). Prior to SEM imaging, the 

samples were sputtered with gold. The particle size was measured by dynamic 

light scattering (Zetasizer Nano ZS, Malvern Instruments, United Kingdom).. 

Automated potentiometric determination of the hydroxyl number of polyols was 

measured following the standard DIN EN ISO 4629-2:2016 using Eco Titrator 

(Metrohm) equipped with electrode for non-aqueous titrations (Solvotrode easy 

Clean, Merochm). 

The tensile properties of the samples were measured using an Autograph 

AGS-X plus (Shimadzu, kyoto, Japan) tensile testing machine equipped with a 

500 N Shimadzu load cell, a contact extensometer, and the TRAPEZIUM X 

computer software (Shimadzu, Kyoto, Japan), operated at a constant crosshead 

speed of 50 mm/min. Measurements were performed at room temperature with 

a gauge length of 60 mm. Standard tensile testing specimen is according to the 

ASTME 646-98. The tensile modulus, tensile strength, and elongation at break 

of the materials were determined.  

 

https://en.wikipedia.org/wiki/Dibutyltin_dilaurate
https://en.wikipedia.org/wiki/Dibutyltin_dilaurate
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Results and discussion 

 

SEM micrograph with EDS spectrum of wheat straw ash is shown on Figure 

2. The wheat straw ash exhibits particles with irregular shapes and size below 

10 µm. EDS analysis of wheat straw ash presents a high level of silicon of 

11.4 wt. %. Elemental composition of wheat straw ash obtained by EDS is 

shown on Table 1.  

 
Table 1. Elemental composition of wheat straw ash and extracted powder 

Element O C Si Mg Ca Cu Zn Cl K Al 

Wt% in wheat 

straw ash 
29,89 21.94 11.4 1.86 5.1 1.94 1.75 6.51 19.41 0.21 

Wt% in silica 43.34 23.79 30.84 0.22 0.15 - - - - - 

 

 
Figure 2. SEM micrograph (left) and EDS spectrum (right) of wheat straw ash 

 

SEM micrographs of silica powder obtained from sodium silicate solution 

derived from wheat straw ash show silica particles with globular shape (Figure 

3). The lack of a regular geometry indicates the product‘s amorphous nature. 

The average size of primary particles is between 160 and 235 nm. However, 

there is a presence of aggregated primary silica particles with average size 

between 400 and 1040 nm.  
 

 
Figure 3. SEM micrograph of silica particles generated by precipitation from sodium 

silicate solution obtained from wheat straw ash 
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SEM observation was also confirmed by dynamic light scattering. Figure 4 

shows the volume-based size distribution of silica showing a bimodal 

distribution with 71.8% and 28.2% of the total number of particles is occupied 

by the particles with average size of 220 and 1093 nm, respectively. 

 

 
Figure 4. Particle size distribution (by number) of silica particles 

 

Figure 5 shows SEM micrograph of the cross-sectional area of silica-

polyurethane composite obtained by using silica filler. As it can be seen, the 

silica particles are uniformly distributed in polymer matrix.  
 

 
Figure 4. SEM micrographs of the cross-sectional area of silica-polyurethane composite 

 

The effect of silica filler  on mechanical properties of polyurethane/silica 

composite is shown on Table 2. Elastic modulus, break force, break stress and 

elongation at break  of polyurethane-silica composite (sample PU-SiO2-5%) are 

higher than of polyurethane sample without silica particles (sample PU). 
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Table 2. The effect of silica filler type on mechanical properties of 

polyurethane/silica composite 

Mechanical property PU PU-SiO2-5% 

Elastic modulus (N/mm
2
) 128 318 

Break force (N) 273 669 

Break stress (N/mm
2
) 4.8 9.89 

Elongation at break (mm) 2.89 3.19 

 

Conclusion 
 

Biopolyols were obtained by transesterification of waste frying sunflower oil  

with glycerol. The obtained polyol has hydroxyl number of 260 mg (KOH)/g. 

Silica particles obtained from the supersaturated sodium silicate solution 

extracted from the wheat straw ash were polydispersed with 71.8% of particles 

with average size of 220 nm and larger aggregates with number percent of  

28.2% of particles with average size of 1093 nm. Polyurethanes were obtained 

by reacting diisocyanate with polyol in the presence of 5 wt% silica.  The silica 

particles were uniformly distributed in polymer matrix resulted in improved 

mechanical properties of polyurethane-silica biocomposite. 
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