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1. INTRODUCTION AND OBJECTIVES

Traditional foods in Kosovo represent an essential element of the country’s cultural identity
and nutritional heritage. They have been consumed for centuries and transmitted through
generations, embodying collective knowledge on food production, preservation, and consumption
that continues to shape both rural and urban communities. Beyond their cultural symbolism, these
foods are dietary staples that contribute substantially to the nutritional well-being of the
population. Their value derives not only from their sensory and cultural qualities but also from
their biochemical composition, particularly amino acids, biogenic amines, and fatty acids. Amino
acids serve as the building blocks of proteins, supporting muscle development, neurotransmitter
synthesis, and metabolic regulation (Haug et al., 2007). Free amino acids also influence taste and
aroma, enhancing consumer preference for traditional products. Biogenic amines, although
essential in small amounts for physiological processes such as cell signaling and immune
responses, can become hazardous at elevated concentrations, leading to allergic or toxic reactions
(Linares et al., 2011; Ruiz-Capillas & Herrero, 2019). Fatty acids similarly play a dual role: they
determine both the nutritional quality and the sensory profile of foods. The balance between
saturated and unsaturated fatty acids is critical, as optimal ratios contribute to cardiovascular health

and metabolic well-being (Pereira, 2014).

Despite their nutritional and cultural importance, systematic scientific research on the
composition of traditional Kosovan foods remains limited. The Busha cattle breed, once
widespread across the Balkans but now endangered, has received little scientific attention,
particularly in terms of the amino acid, fatty acid, and biogenic amine composition of its milk
(Bytyqi et al., 2013; Krasniqi et al., 2013). Traditional cheeses such as Sharri and Rugova, which
occupy a central place in local diets, also remain poorly characterized. Scientific data on their
nutritional and safety profiles are scarce, leaving gaps in knowledge about their role in supporting
dietary quality and consumer health. Similarly, beef products such as dry meat, ham, and
homemade sausages, which are consumed regularly across Kosovo, have not been evaluated
thoroughly for their amino acid or fatty acid composition, nor for potential risks associated with
biogenic amine accumulation. This absence of evidence makes it difficult to assess their nutritional

contribution or their suitability for wider commercialization in regional and international markets.



The importance of local and traditional food systems has been highlighted in recent years,
particularly during the COVID-19 pandemic. Global disruptions to supply chains emphasized the
resilience of community-based production methods, which provided food security during times of
scarcity (Deaconu et al., 2021). In this context, strengthening the scientific understanding of
traditional Kosovan foods is not only culturally relevant but also practically important.
Establishing reliable nutritional data will contribute to consumer education, inform public health
recommendations, and support the integration of traditional foods into sustainable food systems.
Furthermore, such studies reinforce conservation efforts for endangered livestock breeds like the

Busha cattle, which represent both genetic resources and elements of cultural heritage (Bunevski

etal., 2016).

Traditional food products also carry broader cultural and economic significance. They embody
continuity of culinary traditions, reflecting accumulated knowledge of agricultural practices,
processing techniques, and dietary adaptation across centuries (Rocillo-Aquino et al., 2021). In
many societies, including Kosovo, traditional foods are deeply intertwined with identity,
belonging, and heritage. Consumer studies have shown strong preferences for products perceived
as authentic, free of artificial additives, and linked to traditional production methods (Peuli¢ et al.,
2023). Such perceptions not only support the preservation of traditional practices but also create
opportunities for local producers to position these products in niche markets that value authenticity,

quality, and cultural connection.

Given these nutritional, cultural, and safety dimensions, the lack of systematic studies on
traditional Kosovan foods represents a significant knowledge gap. Addressing this gap is crucial
for multiple reasons: preserving cultural heritage, supporting biodiversity, informing public health,

and creating opportunities for economic development through certified traditional food products.



2. MATERIAL AND METHODS
2.1.Material

The nutritional composition of selected traditional foods from Kosovo, with a focus on Busha
cattle milk, traditional cheeses, and beef products was investigated. These foods were chosen
because of their cultural relevance, wide consumption, and the absence of systematic scientific
characterization. Busha milk samples were collected from the Dukagjin area of Kosovo,
specifically from Stellc in the Peja region and Rrenc and Xerc in the Prizren region, where the
Busha breed remains more prevalent compared to other areas. Twenty 100 ml samples were
obtained from two strains, Sharri and Dukagjini, following the guidelines of CODEX STAN 234-
1999 to ensure proper representativeness and quality control. Traditional cheese samples were
sourced from three local producers. These included soft cheeses prepared by spontaneous
fermentation of unpasteurized cow, goat, and buffalo milk; Sharri cheese produced in the Sharri
mountains using rennet and brine-based ripening; and Rugova cheese from the Peja region,
produced with cow’s milk and subjected to a 60-day ripening process. In addition, traditional beef
products were collected from local processors. Dry beef was produced by salting and hot-air drying
of lean muscle strips, beef ham through a combination of brine injection, curing, and thermal
processing, and sausages from a mixture of beef, fat, spices, and natural casing, dried at 80 °C. For

all food categories, three parallel samples were prepared to ensure reproducibility.

2.2. Methods

2.2.1. Moisture content and protein determination

The ISO1442:1973 method was used to determine the moisture content. The protein
content was determined based on the Kjeldahl method (Kjeldahl, 1883).

2.2.2. Amino acid determination

2.2.2.1.Protein building amino acids

The composition of protein-building amino acids in milk. cheese and beef meat products
was determined after HCI hydrolysis method described by Berisha et al. (2023). Samples were
analyzed using an Automatic Amino Acid Analyser AAA400 (Ingos Ltd., Prague, Czech Republic)
fitted with an Ionex Ostion LCP5020 cation-exchange column (22 x 0.37 cm).

2.2.2.2.Free amino acids



For free amino acids (FAA) determination 3 g of traditional cheeses and beef meat products
was extracted with 10 ml 10% trichloroacetic acid for one hour at room temperature at 100 rpm
using a Laborshake as described by Berisha et al. (2023). The same equipment was used as for the

protein building amino acids determination.
2.2.3. Amino acid Score calculation

The World Health Organization calculation method, as given in equation 1, was followed
in this study to determine the essential amino acid scores, also referred to as chemical scores. The
scores were presented as either a unity ratio, as suggested, or as a percentage scale, following the
guidelines from the (Food and Agriculture Organization Expert Working Group, 2018)

The reference protein quantities were divided into three age groups: 3-14 years, 15-18
years, and individuals over 18 years, as authorized by the (Food and Agriculture Organization

Expert Working Group, 2018)

mg of amino acid in 1 g of the tested protein

Amino Acid Score = eq (1),

mg of amino acid in 1 g of the reference protein

2.2.3.1.Essential amino acid deficiency index calculation

The essential amino acid deficiency index was calculated by dividing the essential amino
acid content of the sample with that of the reference protein. If the disparity is positive, it means
there is a lower proportion of the amino acid in the sample compared to the reference protein. A
negative value indicates an excess of the amino acid. Therefore, positive values indicate a shortage.

The essential amino acid deficiency index is calculated by adding up these positive differences.
2.2.4. Biogenic amine determination

The sample preparation for biogenic analysis is the same as explained above for free amino
acids. Biogenic amines were determined with the same equipment using different ion-exchange
column (Ostion LG ANB ion-exchange resin; 7.0x0.37 cm). Separation was carried out using
Na+/K+ buffers system by stepwise gradient elution. Detection was performed at 570 nm (Berisha,

et al., (2023a) Berisha, et al., (2023b)



2.2.5. Fatty acid determination

Sample preparation followed the Bligh and Dyer (1959) method, where samples were

extracted using petroleum ether via a Soxhlet extractor.

The fatty acid ester preparation and the Gas chromatography determination was done
according to (Berisha, et al., (2023a) for cheese samples and Berisha, et al., (2023b) for beef meat

products.
2.2.6. Statistical analysis

The statistical analyses for this study were performed using IBMSPSS25 software (Peck et
al., 2020). For Busha milk, significant differences between the means for conductivity were
evaluated using a one-way analysis of variance (ANOVA) using Tukey’s test with a significance
level at p <0.05. On the other hand, significant differences between the means for protein, lactose,
fat, total solids, amino acids, and biogenic amines were determined by a multivariate analysis of
variance (MANOVA), using Tukey’s test at p <0.05. The normality of the differences was accepted
using the Shapiro-Wilk and D’ Agostino tests, while Levene’s test confirmed the homogeneity of

variances.

The quality parameters were compared using MANOVA at a significance level of p <0.05
for the traditional cheeses and traditional beef meat products. The normality of the differences was
tested and accepted using the Shapiro-Wilk and D’Agostino tests. Additionally, Principal
Component Analysis (PCA) was performed to categorize the traditional cheese and beef meat
product samples based on their protein-building amino acids, free amino acids, and fatty acids

composition. PCA was performed using XLSTAT Software (Addinsoft, 2022).



3. RESULTS AND DISCUSSION
3.1.Busha cattle milk

Milk obtained from Busha cattle (Sharri and Dukagjini strains) showed a stable and
uniform composition, confirming good raw milk quality under traditional extensive farming
conditions. The dry matter content ranged between 11.8 and 13.5%, while pH values were
consistently within 6.55-6.75, indicating fresh milk without technological defects. Protein content
averaged 3.2-3.6%, which is comparable to conventional cow milk. The results of this study
demonstrated that Busha cattle milk shows marked nutritional variability between strains, with the
Dukagjini strain exhibiting significantly superior compositional characteristics. Milk from
Dukagjini Busha cattle contained higher dry matter (up to 13.86%), fat (up to 4.50%), and lactose
contents compared to the Sharri strain, confirming its enhanced nutritional density. These values
place Dukagjini Busha milk at the upper range of reported values for local cattle breeds and

comparable to, or exceeding, those of several internationally recognized high-yielding dairy

breeds.

Protein content of Busha milk ranged between 3.2 and 3.6%, and the protein-building
amino acid profile confirmed its high biological value. Essential amino acids accounting for 42—
45% of total amino acids. Among individual amino acids, glutamic acid (24.54%), proline
(14.04%), leucine (9.37), aspartic acid (6.50), lysine (6.97) and valine (5.50%), while the minor
ones were glycine (1.67%) and cysteine (0-0.58%). Branched-chain amino acids (leucine,
isoleucine, valine) together contributed approximately 18—-20% of total amino acids, underlining

the high biological value of Busha milk protein. No essential amino acid deficiency was detected.

Biogenic amines in Busha milk were detected at very low concentrations. Among the
biogenic amines, only spermine (0.11 mg /kg Sharri Busha; 0.07 mg/kg Dukagjini Busha) and
cadaverine (0.18 mg /kg Sharri Busha; 0.15 mg/kg Dukagjini Busha) were detected in small
quantities in the milk samples. These results confirm that raw Busha milk represents a low-risk

matrix with respect to biogenic amine formation.

The fatty acid composition of Busha milk fat was dominated by saturated fatty acids, which
accounted for 56.46% of total fatty acids. Monounsaturated fatty acids represented 40.26%, while
polyunsaturated fatty acids contributed 3.29%. Palmitic acid (C16:0) was the predominant fatty
acid (26-28%), followed by oleic acid (C18:1, 23-26%) and stearic acid (C18:0, 12—-14%). The



presence of essential fatty acids, including linoleic and a-linolenic acids, though at lower levels

(2—4% combined), reflects pasture-based feeding and adds nutritional value

3.2.Traditional Kosovan cheese composition

3.2.1. Composition of traditional soft cheeses cow, goat, buffalo

The traditional soft cheeses of Kosovo showed distinct and nutritionally valuable profiles
depending on milk origin. Goat cheese exhibited the highest protein content (19.79%), followed
by cow (17.13%) and buffalo cheeses (10.72%), confirming its role as a particularly rich protein
source. Total free amino acid (FAA) content in soft cheeses ranged between 800 and 1,200 mg/kg,

reflecting moderate proteolysis typical of fresh cheeses.

All soft cheeses were characterized by high concentrations of glutamic acid and proline,
which together accounted for approximately 25-30% of total free amino acids. These amino acids
contribute both to curd structure and umami taste perception. Essential amino acids represented
40-45% of total amino acids, with goat cheese showing the richest essential amino acid
composition, particularly in leucine, lysine, and valine. These values are comparable to or exceed
those reported in international studies for similar cheese categories. A notable finding was the
presence of y-aminobutyric acid (GABA) in all soft cheeses. Cow and goat cheeses contained
particularly elevated GABA levels, reflecting active microbial metabolism during fermentation.
GABA is associated with antihypertensive and stress-regulating effects, suggesting additional

functional properties beyond basic nutrition.

Fatty acid composition clearly differentiated the cheeses. Cow cheese was particularly rich
in oleic acid (=24-26%), goat cheese contained higher proportions of caprylic and palmitic acids,
while buffalo cheese showed elevated stearic and linoleic acids. Saturated fatty acids accounted
for 60-68%, monounsaturated fatty acids 25-30%, and polyunsaturated fatty acids 3-6%,

highlighting the nutritional diversity among soft cheeses.

Biogenic amines were detected only in Goat soft cheese at low concentrations, with total
levels generally below 100 mg/kg. Histamine (468 pg/g) and tyramine (544 ug/g) remained well
below levels associated with adverse health effects, confirming that traditionally produced soft

cheeses in Kosovo are safe for human consumption from biogenic amine point of view.



3.2.2. Semi-hard cheeses: Sharri and Rugova Cheeses

Semi-hard Sharri and Rugova cheeses showed advanced proteolysis and distinct nutritional
characteristics. Sharri cheese showed the highest proportion of essential amino acids (42.09%),
with particularly high levels of lysine and arginine, making it a superior protein source compared
to internationally known cheeses such as Cheddar and Gouda. Rugova cheese, although lower in
total protein (12.17%), showed a balanced amino acid profile with notable enrichment in threonine

and favorable essential amino acid scores.

Total free amino acid concentrations in these cheeses reflecting intensive ripening.
Elevated levels of glutamic acid, leucine, valine, and GABA contributed both to flavor complexity
and potential health benefits. The presence of GABA further enhances the functional food potential

of these traditional cheeses.

Fatty acid profiles were clearly differentiated. Rugova cheese was particularly rich in oleic
acid and monounsaturated fatty acids (MUFA up to 38.24%), suggesting cardiovascular benefits.
In contrast, Sharri cheese contained higher proportions of polyunsaturated fatty acids, including
linoleic and a-linolenic acids (PUFA up to 15.54%), supporting its classification as a nutritionally

functional dairy product.

Biogenic amines were detected only in Rugova cheese, while no biogenic amines were
detected n
g/g, cadaverine at 103 £ 9 ug/g, putrescine at 97 + 6 pg/g, spermine at 245 + 18 pg/g, and
spermidine at 299 + 19 pg/g. Despite more biogenic amines were observed compared those in soft
cheeses, these values remain within levels reported as acceptable for fermented dairy products,
indicating controlled fermentation and satisfactory food safety. The absence of detectable biogenic

amines in Sharri cheese further confirms its excellent hygienic quality..

3.3.Traditional Kosovan beef products

Traditional beef products showed exceptional nutritional density. Dry beef meat and beef
ham contained very high protein levels (49.00% and 44.12%, respectively), with essential amino

acids accounting for more than 47% of total amino acids, exceeding values reported in many



international studies. Beef sausage, while lower in protein (36.74%), was particularly rich in

leucine and alanine, amino acids critical for muscle protein synthesis and energy metabolism.

Free amino acid profiles varied significantly between products. Dry beef meat was
dominated by glutamic acid and lysine, beef ham by alanine and aspartic acid, and beef sausage

by alanine and leucine, contributing to distinct sensory profiles and nutritional diversity.

Contrary to expectations for fermented meat products, biogenic amines were detected only
in very low concentrations, confirming high product safety. Histamine and tyramine levels
remained well below toxicological thresholds, indicating good hygienic practices and controlled

processing.

Fatty acid analysis of beef sausage revealed a nutritionally favorable profile, with oleic
acid accounting for 34.37% of total fatty acids, alongside palmitic and stearic acids. The high oleic

acid content enhances the cardiovascular profile of the product.



4. CONCLUSIONS AND RECOMANDATIONS

The present study represents the first comprehensive nutritional characterization of Busha
milk, traditional Kosovan cheeses, and traditional beef products, providing novel information into
their amino acid, biogenic amine, and fatty acid composition. The analysis of Busha milk
confirmed its distinctive nutritional profile, particularly the high content of essential amino acids
and a favorable fatty acid balance. These results underline the scientific and cultural importance
of the Busha breed, which, despite its endangered status, offers significant nutritional value.
Preserving this breed should therefore be regarded not only as an act of biodiversity conservation

but also as a contribution to maintaining high-quality nutritional resources for future generations.

The determination of essential amino acid scores and deficiency indexes revealed that
Busha milk possesses superior quality compared to several commercial dairy sources. This
indicates its potential to play a key role in diversifying dietary options in Kosovo and beyond.
Similarly, the comparative evaluation of traditional cheeses demonstrated substantial differences
among varieties, with Rugova and Sharri cheeses emerging as particularly rich sources of essential
amino acids. These findings highlight the functional food potential of certain cheese types,
positioning them as valuable contributors to human health and nutrition. At the same time, the
study of biogenic amines in cheeses revealed elevated concentrations of histamine and tyramine
in some varieties, raising important food safety concerns. This underscores the need for regular
monitoring and the establishment of quality control protocols to safeguard consumers without

undermining traditional production practices.

The fatty acid composition of traditional cheeses was found to be generally favorable, with
a higher proportion of unsaturated fatty acids, supporting the growing evidence that traditional
dairy products may exert health-promoting effects when consumed responsibly. Likewise, the
characterization of traditional beef products provided the first scientific profile of their nutritional
value, revealing that homemade beef sausages possess higher levels of free amino acids and
beneficial fatty acid ratios than other meat products. This suggests that these traditional products,
when properly controlled for safety, may serve as high-quality sources of protein and essential
nutrients. Taken together, these findings establish the first nutritional database for traditional foods

of Kosovo, contributing not only to food science but also to cultural heritage preservation.



Based on these results, several recommendations can be made. Conservation and breeding
programs for the Busha cattle breed should be strengthened to secure its survival and to preserve
its unique milk composition. Food safety regulations need to incorporate systematic monitoring of
biogenic amines in traditional cheeses, as elevated levels pose potential risks to consumers. At the
same time, producers should be encouraged to adopt improved processing practices that reduce
biogenic amine formation while maintaining sensory quality. Another important factor as the
promotion of traditional cheeses, especially Rugova and Sharri varieties, as health-promoting
foods could increase their market value and contribute to the economic sustainability of local
producers. Consumer awareness campaigns should also be launched to emphasize both the
nutritional benefits and the potential risks associated with traditional foods, thereby supporting

informed dietary choices.

Further research is recommended to expand the scope of this study to other traditional
Kosovan foods, to investigate seasonal and regional variations in composition, and to explore
innovative technologies that ensure food safety without compromising traditional authenticity. The
nutritional database established in this dissertation should be maintained and expanded, serving as
a foundation for future scientific investigations, consumer education, and policymaking in food

safety, nutrition, and cultural heritage preservation.



5. NEW SCIENTIFIC RESULTS

1. I found that Busha cattle milk, particularly from the Dukagjini strain, had significantly
higher dry matter, fat, and lactose contents, making it nutritionally superior within the breed. I
demonstrated that its fat and protein levels are comparable to or higher than those of international
high-yielding breeds, while its amino acid profile, with notably elevated glutamic acid and proline,
highlights its exceptional protein quality. I found that Busha milk contains a healthier fatty acid
composition, with lower saturated and higher monounsaturated fatty acids, especially oleic acid,
offering potential cardiovascular benefits. I also showed that the very low levels of biogenic
amines confirm its safety and high quality. These results are important because they emphasize the
genetic and nutritional value of preserving the Busha cattle population, not only as cultural heritage
but also as a source of dairy products with potential health-promoting properties for modern

consumers.

2. I found that the traditional soft cheeses of Kosovo, produced from buffalo, cow, and goat
milk, have distinct nutritional profiles. I demonstrated that goat cheese had the highest protein
content (19.79%) and the richest essential amino acid concentration, while cow cheese also showed
a strong balance of proteins and amino acids, confirming their high nutritional value compared to
international reports. I proved that all soft cheeses contained high levels of glutamic acid and
proline, supporting both their structural stability and umami flavor. I also showed that they were
particularly rich in health-promoting compounds such as GABA, with cow and goat cheese
providing notable levels that are associated with blood pressure reduction and stress regulation.
Furthermore, I demonstrated that the fatty acid composition of these soft cheeses was unique: cow
cheese was especially rich in oleic acid, goat cheese had higher caprylic and palmitic acids, and
buffalo cheese provided elevated stearic and linoleic acids, making each type nutritionally distinct.
Importantly, biogenic amine levels were low, confirming that these traditionally produced cheeses

are safe for human consumption.

3. I demonstrated that the semi-hard cheeses, Rugova and Sharri, also carry important
nutritional benefits, with clear differences between them. I proved that Sharri cheese provided the
highest proportion of essential amino acids (42.09%), particularly lysine and arginine, making it a
superior protein source compared to many international cheeses like Cheddar and Gouda. Rugova

cheese, while lower in overall protein, still demonstrated high-quality protein composition with



threonine enrichment and balanced amino acid scores, highlighting its nutritional significance. I
also found that their fatty acid profiles were highly distinctive: Rugova cheese was especially rich
in oleic acid and monounsaturated fatty acids, suggesting cardiovascular benefits, while Sharri
cheese contained higher polyunsaturated fatty acids, including linoleic and alpha-linolenic acids,
further supporting its role as a functional food. The presence of elevated GABA and other free
amino acids in both cheeses enhances their potential health benefits and sensory diversity. These
findings are important because they prove that traditional Sharri and Rugova cheeses are not only
culturally valuable but also nutritionally competitive with internationally recognized cheeses,

positioning them as promising dairy products for both local consumption and broader markets.

4. | found that traditional Kosovan beef products, including dry beef meat, beef ham, and
beef sausage, are nutritionally rich and distinct in composition. I demonstrated that dry beef meat
and beef ham had exceptionally high protein contents (49.00% and 44.12%, respectively) and
superior essential amino acid proportions (>47%), exceeding values reported in international
studies, while beef sausage, though lower in protein (36.74%), contained higher leucine and
alanine, which are important for muscle synthesis and energy metabolism. I proved that free amino
acid profiles varied significantly, with dry beef meat rich in glutamic acid and lysine, beef ham
dominated by alanine and aspartic acid, and beef sausage containing elevated alanine and leucine,
all contributing to flavor complexity and nutritional diversity. I also showed that biogenic amines
were detected only in very low amounts, confirming product safety, while the fatty acid profile of
beef sausage revealed high oleic acid (34.37%), a heart-healthy monounsaturated fatty acid,
alongside palmitic and stearic acids. These findings are important because they demonstrate that
traditional beef products of Kosovo are not only safe but also provide proteins of high biological
value, essential and functional amino acids, and favorable fatty acid components, supporting both

their nutritional relevance and their cultural heritage value.
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