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Abstract 

Beaten cheese (Bieno sirenje), traditionally produced in North Macedonia, is a unique authentic 

cheese with significant cultural and nutritional value. It is believed that its production begins from 

XV century by Vlachs nomad shepherds and still continues in contemporary times. According to 

the results of previous surveys of Beaten cheese (Bieno sirenje), the aim of this review is to (i) 

assess the macronutrient content of traditional Beaten cheese (Bieno sirenje), (ii) identify key 

indigenous lactic acid bacteria (LAB) and their probiotic potential, (iii) characterize its sensory 

profile, and (iv) evaluate its environmental sustainability attributes. Cheese is produced 

traditionally in household through almost all regions in North Macedonia as well as in industrial 

capacities. It is semi-hard cheese with variations in yellow color and cavities with different sizes 

and positions, in intersections. The beaten cheese preparation technology can vary but usually have 

one common feature – curd churning. Macronutrient characteristics of cheese depend on milk 

origin, technology, geographical region and season of making. Bieno sirenje is nutritionally rich, 

microbiologically active, and organoleptically distinct. Its production reflects traditional 

knowledge, and potential as a functional heritage food. Embracing such products aligns with goals 

in sustainable food systems, biodiversity conservation, and rural resilience. 

More than a regional delicacy, Beaten cheese (Bieno sirenje) embodies a synergy of nutrition, 

microbiota, sensory identity, and sustainability—an artisanal food worthy of scientific recognition 

and gastronomic celebration. Future work should explore the sensory–microbiome interface, 

validate probiotic efficacy in vivo, and assess the potential of our traditional Beaten cheese for 

geographic indication status and functional food development. 
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108

mailto:vesna.levkov.1@istoc.ukim.mk


Сборник от Научната конференция с международно участие „Животновъдната наука – предизвикателства и 

иновации”, 5 – 7 ноември 2025, София 

Proceedings of Scientific Conference with International Participation „Animal Science - Challenges and 

Innovations”, 5-7 November 2025, Sofia 

 

Introduction 

The production of Beaten cheese (Bieno sirenje) is an integral part of Macedonian and Balkan food 

culture.  It represents the community’s deep-rooted culinary traditions, often passed down from 

generation to generation. It is believed that its production begins from XV century by Vlachs 

nomad shepherds (Talevski 2012) and still continues in contemporary times. Cheese is produced 

traditionally in household in rural areas and mountain regions where livestock is kept and pasture 

during summer period as well as in industrial capacities. Its production is spread through almost 

all regions in North Macedonia. It is semi-hard cheese with variations in yellow color and cavities 

with different sizes and positions, in intersections. The Beaten cheese (Bieno sirenje) preparation 

technology can vary but usually have one common feature – curd churning. The appreciation for 

heritage foods is growing globally, as more people seek to reconnect with traditional, local, and 

sustainable food sources. A consumer interests also grows in term of consuming food that is as 

much as possible less processed, containing no or very small amounts of additives, it is a source of 

good nutrient and beneficial microorganisms, so the artisan cheeses are recognized not anly as a 

gourmet products abut also as a functional food, with health-enhancing properties. Beaten cheese 

(Bieno sirenje) is part of this trend, offering both nutritional value and a connection to the land, 

culture, and history because the microbiome of cheese is consist of natural (environmental and 

regional) microbiotas (Mateva et al., 2018; Josifovska et al., 2024). The study is a mini review of 

previous research of Beaten cheese (Bieno sirenje), its nutritive and sensory charcteristics, content 

of indigenous lactic acid bacteria (LAB) and their probiotic potential and to try to evaluate its 

environmental sustainability attributes. 

 

Nutritional perspective of Beaten cheese (Bieno sirenje) 

Making traditional Beaten cheese (Bieno sirenje) is a process of preserving nutrients over time 

following characteristic family procedure without involving any standardization process. The 

nutritive value of the cheeses in general can be variable and depends of milk quality. The lactation 

stadium animal nutrition, the quality and availability of pasture are key elements which have 

influence over milk quality (Sevi et al., 2004). Alongside the milk quality, the season of cheese 

production, the climate conditions and characteristics of geographical region also have impact on 

cheese characteristics (Micari et al., 2007). The results of research conducted by different authors 

over some chemical characteristics of Beaten cheese (Bieno sirenje) are given in Table 1. 
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Table 1. Chemical characteristics of Beaten cheese (Bieno sirenje) after ripening process  

 References 

Dubrova 

Mateva et 

al. (2008) 

Talevski 

(2012) 

Sulejmani 

et al. 

(2014a) 

Sulejmani et 

al. (2014b) 

Dimitrovska 

et al. (2017) 

Mateva et 

al.  

(2019) 

Type of 

milk 

Cows Cows Ewes Ewes Cows Ewes 

pH 5.17-5.24 5.37 5.34 5.33 - 5.13-5.22 

Titratable 

acidity 

184-191 ˚T 66 ˚SH 0.66 

g l.a./100 g 

cheese 

1.85 

g l.a./100 g 

cheese 

- 76.27-

78.93 ˚SH 

Dry 

matter, % 

58.01-59.67 61.22 63.47 61.73 60.60 61.14-

61.64 

Protein,% 21.95-22.09 27.44 26.01 24.75 25.26-28.33 25.90-

27.78 

Fat,% 21.54-21.74 25.73 29.75 - 26.43-27.50 28.11-

28.17 

Salt,% 3.51-3.58 5.15 5.24 5.09 5.08-5.28 6.07-6.62 

Ash,% 8.51-9.52 9.18 - - 9.14-9.33 7.19-9.28 

 

The differences in physicochemical characteristics of Beaten cheese (Bieno sirenje) are expected 

since it is made with different type of milk; it is produced in different geographical regions in N. 

Macedonia; farmers were following family or regional producing technology; the season of the 

year when the cheese is made is also different. pH of Beaten cheese (Bieno sirenje) depends on 

lactic-acid bacteria activity and their ability of acidification (Prodromou et al., 2001, Hatzikamari 

et al.,1999 and Xanthopoulos et. al., 2000). Also differences of pH values can be caused by 

composition and interactions between lactic acid bacteria in milk/cheese (Walstra et al., 2006; Özer 

and Kesenkaş, 2019). The value of titratable acidity of Beaten cheese (Bieno sirenje) (presented as 

Thorner degree ˚T, Soxhlet-Henkel degree ˚SH and grams lactic acid per 100 g cheese) depends 

on produced lactic acid in cheese, the content of casein, phosphates and nitrites which forms the 

buffer capacity of the cheese. The content of dry matter in Beaten cheese (Bieno sirenje) differs, 

as can be expected, because it is conditioned of   presence of casein and products of protein 

degradation (polypeptides, peptides, amino acids), presence of milk fat, minerals and content of 

salt (Hayaloglu et al., 2002). The protein content in Beaten cheese (Bieno sirenje) varies from 

21.99%-28.33% as can be seen in Table 1. The proteins during cheese ripening undergo different 

changes caused by residual rennet enzyme, milk native proteolytic enzymes as well as lactic acid 

bacteria enzymes (Alichanidis and Polychroniadou, 2008). The content of salt usually has negative 

influence on cheese proteolysis because of negative influence on LAB activity and on proteolytic 

enzymes activity (Bonetta et al., 2008; Tarakci et al., 2004). The prevalence of protein in cheese 

may also be determined by season of production, whereby cheese produced during spring time is 

characterized with higher protein level compared to the cheese produced in early summer (Addis 

et al., 2015; Mattera et al., 2016). The milk fat content in cheese varies between 21.54%-29.75% 
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and relays on technology of production (thermic treatment of cheese), differences in cheese acidity 

and salt content (Dimitrovska et al., 2017). The high concentration of salt in Beaten cheese (Bieno 

sirenje) is a result of combined method of salting - dry salting during which the quantity of added 

salt is not precise determined and brining - usually in 20% brine made of coarse salt and water. The 

size and format of cheese, the size and quantity of cheese fat globules as well as hydration of casein 

micelles may interfere with the salt diffusion in cheese (Guinee and Fox, 2004). There are 

differences in ash content in the different samples of Beaten cheese (Bieno sirenje), conditioned 

by dry matter content (Abdel-Razig and Al Gamry, 2009) and the diffusion of inorganic substances 

in brine (Abdalla and Ahmed, 2010). 

 

Volatile compounds in Beaten cheese (Bieno sirenje)  

The inquire of volatile compounds of Beaten cheese (Bieno sirenje) by Sulejmani et al. (2014b) 

shows that they belongs to four main chemical families - acids, ketones, esters and alcohol. Their 

investigations shows that Beaten cheese (Bieno sirenje) contents 11 acid compounds in total, and 

the main acidic compounds in were butanoic, hexanoic, octanoic and decanoic acids. The authors 

determine butyric acid as the main representative acid in this group with concentration of 59.5 

mg/kg per cheese. This acid is a main product of fermentation where lactic acid transforms through 

butyric acid fermentation.   

Eleven ketones were identifying in Beaten cheese (Bieno sirenje), of which 2-butanone, 2-

pentanone and acetoin were the most abundant in the investigated samples (Table 2); 16 ester 

compounds with total concentration of 2731 µg/kg were also identified and the ethyl butyrate (1505 

µg/kg), ethyl caproate (806 µg/kg) and ethyl octanoate (121 µg/kg) were the most abundant. The 

representative alcohol is 1-Butanol with concentration of 784 μg/kg cheese. Other abundant alcohol 

present in investigated samples by Sulejmani et al. (2014b) was isoamylalcohol (599 μg/kg cheese) 

and 2,6,-Dimethyl-4-heptanol (175 μg/kg cheese).  

Considering the data on the nutritional properties of Beaten cheese (Bieno sirenje), it can be noted 

that it is a good source of proteins, dry matter, fats and minerals. What is missing to get a complete 

picture of the macronutrient properties are the content of fatty acids, vitamins, macroelements such 

as calcium, phosphorus, magnesium, etc. The salt content in Beaten cheese (Bieno sirenje) is higher 

compared to other types of cheese but according to Dubrova Mateva et al. (2008) salt content 

induces a hard cheese consistence that makes cheese maintenance longer and easier.  

 

Microbiology perspective of Beaten cheese (Bieno sirenje) 

Traditional prepared cheeses contains rich and unique microbiota, that undergoes some changes 

during cheese ripening adapting to nutritive status and cheese environment (Beresford et al., 2001; 

Williams et al., 2002).   

Beaten cheese (Bieno sirenje) ripened in brine 45 days may contains 7.49 log CFU/g lactic acid 

bacteria (Levkov and Kakurinov 2007), 6.70-6.74 log CFU/g lactococci, 6.45-6.74 log CFU/g 

lactobacilli, the number of coliform bacteria are in range of 4.53-6.26 log CFU/g and yeasts are in 
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range of 3.31-4.35 log CFU/g (Levkov and Kakurinov, 2007; Levkov et al., 2011). According to 

Talevski (2012), Levkov et al. (2014), Dimitrovska et al (2017) no presence of Salmonella sp. and 

Listeria monocitogenes was detected in Beaten cheese (Bieno sirenje). The counts of 

Enterobacteriaceae were in range of 20-3000 CFU/g, coagulase positive staphylococcus 5-180 

CFU/g, E.coli 0-1200 CFU/g (Talevski, 2012; Dimitrovska et al., 2017). Lactic acid bacteria 

isolated from the cheese samples were determinate as: Lactococcus lactis ssp. lactis (35%), 

Lactobacillus paracasei ssp. paracasei (22.5%). 16.7% of isolates belong to the genus 

Pediococcus, to L. planatarum belongs 15.8%,  to L. brevis 9.2% and only 1% of isolates were 

members of genus Leuconostoc (Levkov et al., 2014; Levkov et al., 2017). During cheese ripening 

changes in the composition of lactic acid bacteria were observed depending of their ability to 

metabolize the cheeses nutrients.  The conditions during cheese preparation that determined its 

microbiota are: milk properties, biochemical changes during curd formation, technology 

implemented in the production and the conditions during the process of ripening (Montel et al., 

2014). An additional source of microorganisms, according to previous authors, in milk and cheese 

is the equipment for making the cheese, the environment where the animals are kept (e.g. the sheep 

pens, the rooms for milking), as well as the food, the silage and the hay used for feeding the animals. 

 

Table 2. The dominant bacterial genera observed in Beaten cheese (Bieno sirenje) samples 

(Josifofska et al., 2024) 

 
Genus Most abundant species 

Sterptococcus S. salivarius ssp. thermophilus  

S. parauberis 

Lactococcus L. lactis 

L. raffinolactis 

L. garvieae  

Lactobacillaceae Lb. kefiranofaciens 

Lb. delbrueckii 

Lactiplantibacilus plantarum 

Limosilactobacillus fermentum 

Lactobacillus kullabergensis  

Lactobacillus apis 

Acinetobacter Acinetobacter johnsonii. 

Bifidobacterium Bifidobacterium psychraerophilum 

Staphylococcus Staph. equorum 

Enterococcus Enterococcus italicus  

Enterococcus faecalis 

 

The metagenomic characterization of Beaten cheese (Bieno sirenje) microbiome gives different 

perspective about the dominant bacterial genera. The results of cheese microbiome research made 

by Josifofska et al., (2024) are given in Table 2. The evaluation of microbiological characteristics 

of Beaten cheese (Bieno sirenje) using classical or contemporary methods shows that isolated LAB 
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species are characteristic for brined cheeses produced in Balkan Peninsula and north-eastern 

Mediterranean countries (Bintsis and Papademas, 2002). 

 

Probiotic potential of Beaten cheese (Bieno sirenje)  

Traditional cheeses are fermented products that can be directly consumed without any previous 

treatment (cooking, filtration, pasteurization etc.) and contains foodborn microorganisms (Roselli 

et al., 2025).  These microbes contribute in formation of cheese sensory characteristics but also 

have potential to improve gut health. In order cheese foodborn microorganisms to exert their health 

benefits such as enhancing digestion, improving gut microbiota balance, supporting immune 

function, they need to be live and to reach the intestine in significant number that means they need 

overcome the gastrointestinal barriers suhc as low pH, bile salts, digestive enzymes (Roselli et al., 

2025). According to the authors the dense fat and protein matrix of cheese can protect these 

beneficial microbes. Beaten cheese (Bieno sirenje) produced on traditional way does not contain 

additives, is produced of unpasteurized milk and is minimally processed. That means that natural 

microbes and nutritive values of the cheese are preserved and can contain live beneficial 

microorganism. The lactic acid bacteria found in Beaten cheese (Bieno sirenje) like Lactococcus 

lactis, L. raffinolactis, S. salivarius ssp thermofilus, Lactiplantibacilus plantarum, Bifidobacterium 

psychraerophilum, L. kefiranofaciens, L. delbrueckii can have probiotic potential because this 

species may have ability to adhere to intestinal epithelium, may have capacity to survive the 

gastrointestinal stress factors, may have antimicrobial capacity against pathogen and spoilage 

bacteria (Coelho et al., 2022; Josifovska et al., 2024; Roselli et al., 2025). These authors also 

emphasize the functional properties of the artisanal cheeses because through the activity of the 

specific lactic acid bacteria peptides with antimicrobial, antihypertensive and anti-inflammatory 

effects are produced, short chain fatty acid and exopolysaccharides are produced that can have 

antitumor and antidiabetic effects. 

 

Beaten cheese (Bieno sirenje) and environmental sustainability attributes 

Traditional Beaten cheese (Bieno sirenje) is usually produced in small scale family farms in rural 

and mountains regions in N. Macedonia, where cow milk is used for consumption and dairy 

products making and sheep milk is only for cheese making (Santa et al. 2024). That means that 

farmers needs to preserve local breeds of sheep and cows and local farming practices. According 

to authors the challenges such as producer organization, assess to modern technologies, 

underdeveloped cooperatives, persist for farmers. Traditional cheese production offers 

environmental sustainability advantages compared to the industrial dairy plants. First of all the 

production depends of local sources of milk that means short supply chain (no need for long-

distance transportation), which is directly connected with lower gas emissions and energy used for 

logistics (Bintsis and Papademas, 2023). The traditional cheese production means using non 

pasteurized milk minimal processing steps, which result with minimum amount of energy used and 

cut down the carbon footprint (Đekić et al., 2024; Silvério et al., 2025). The artificial preservatives, 

thickeners, or stabilizers in traditional production are not used; the packaging is usually in large 
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cans (tin or plastic) or a natural material like paper or recyclable plastic bags. This helps reducing 

chemical inputs and plastic bags enhancing environmental sustainability. The whey as a byproduct 

during Beaten cheese (Bieno sirenje) production can be used for animal nutrition, or to produce 

urda (a dairy product) which is used for making pastry or as a diary product in everyday nutrition. 

Beaten cheese (Bieno sirenje) production on traditional way can be linked to pasture-animal 

farming. This can have positive environmental influence such as: carbon sequestration in well-

managed grasslands, lower reliance on concentrated feed (lower the use of fertilizers), promotion 

of soil health, biodiversity and water retention (Popvić-Vranješ et al., 2018; Chabbi et al. 2022). 

Traditional Beaten cheese (Bieno sirenje) production seams very environmental friendly but 

farmers have difficulties like keeping high: standards in quality and safety of the products, 

competitiveness and consumer demands (Srbinovska and Santa, 2022). The authors emphasize the 

problems with ability of registered farmers to pursue product protection because although 

registered as farmers, are not formally recognized as food producers.  

More than a regional delicacy, Beaten cheese (Bieno sirenje) embodies a synergy of nutrition, 

microbiota, sensory identity, and sustainability—an artisanal food worthy of scientific recognition 

and gastronomic celebration. Future work should explore the sensory–microbiome interface, 

validate probiotic efficacy in vivo, and assess the potential of our traditional Beaten cheese (Bieno 

sirenje) for geographic indication status and functional food development. 
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