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Altitude-related variations in microbiological quality
of raw sheep milk and Vlasi¢ cheese

EMINA MUFTIC - ENIDA CLANJAK-KUDRA - AMILA TURALIC — ABDULLAH MUFTIC

Summary

This study investigated the effect of altitude on the microbiological quality of raw sheep milk and Vlasi¢ cheese
produced at three locations (Galica, Gostilj, and Paklarevo) on Mount Vlasi¢, Bosnia and Herzegovina. A total of
30 samples were analysed for the presence of Salmonella spp. and Listeria monocytogenes, and for the quantification of
coagulase-positive staphylococci, aerobic mesophilic bacteria, Escherichia coli, Enterobacteriaceae, yeasts, and moulds.
None of the samples contained Salmonella spp. or Listeria monocytogenes. In milk samples, significant differences were
found among localities for moulds, with regression analysis indicating a significant negative correlation between alti-
tude and mould count (p < 0.001, R? = 0.486). In Vlasi¢ cheese samples, aerobic mesophilic bacteria were abundant
at all sites, while regression analysis showed that E. coli (p < 0.001, R? = 0.472) and Enterobacteriaceae (p < 0.001,
R2 = 0.767) counts varied significantly with altitude. No significant correlations with altitude were observed for other
microorganisms. The results suggest that differences among localities and altitude-related trends reflect the influence
of variations in cheese-making practices on microbial dynamics in artisanal dairy systems. Improving hygiene control, as
well as expanding altitude-based studies across different regions, could enhance both product safety and the preserva-
tion of traditional cheesemaking practices.
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Sheep milk significantly differs from cow
milk due to its higher protein content, viscosity,
enhanced nutritional value, and better bacte-
ricidal activity in the first hours after milking,
which makes it more suitable for processing into
cheese [1]. Because the fat globules are smaller
in diameter, lipids from sheep milk are easier to
digest and more efficiently metabolised com-
pared to cow milk [2]. Cheeses produced from
sheep milk have a characteristic taste and aroma,
which result from a specific composition of fat and
protein [3].

Bosnia and Herzegovina (B&H) has a long tra-
dition of producing indigenous cheeses, the most
famous of which is Travnicki cheese, also known as

Vlasi¢ cheese, which has been produced for over
140 years in the Vla$i¢ mountain area [4]. Milk
from Vlasicka Pramenka, an indigenous breed
of sheep with high milk potential, is the basis for
the production of this cheese [5]. Vlasi¢ cheese
belongs to the group of soft, brined cheeses, and
the simple technology, based on raw milk and
traditional procedures, enables its production in
mountain conditions, but also makes it difficult
to standardise the quality [3]. Production of this
cheese is seasonal, usually starting in May and
lasting until early October. During this period,
sheep are fed only on the pastures [6]. According
to the traditional recipe, the technology of Vlasi¢
cheese production comprises the following steps:
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milk coagulation, curd handling and processing,
whey drainage, cutting of the curd mass, layering
of the cheese in traditional wooden vats, salting,
ripening, and packaging [4, 7]. Its simple produc-
tion technology enables traditional manufacture
under basic mountainous conditions; however,
this also poses significant challenges for product
standardisation, as substantial variability exists
among individual household producers [3]. To
date, industrial-scale production of Vlasi¢ cheese
does not exist. Unpasteurised milk, used in the
production of Vlasi¢ cheese, poses a challenge
in terms of hygiene, as microbiological contami-
nation can occur during milking, processing, or
storage [7, 8]. Since it is a perishable food, the
presence of pathogenic microorganisms in sheep
milk and cheeses represents a health risk for con-
sumers and an economic loss for producers [9, 10].
A particular problem of soft cheeses, including
Vladi¢ cheese, is the favourable composition for
the growth of pathogenic bacteria such as Sal-
monella spp., Listeria monocytogenes, E. coli, and
coagulase-positive staphylococci [9, 11].

Previous research in B&H indicates a high
prevalence of microbiological contaminants in raw
sheep milk and Vlasi¢ cheese, most often as a con-
sequence of unhygienic production and processing
conditions [6, 12, 13]. Since these products play
a significant role in traditional nutrition and local
economy, it is important to assess their microbio-
logical status and identify factors that affect safety
and quality, including the influence of geographi-
cal and production specificities in mountainous
areas. Therefore, the objective of this study was
to assess the microbiological status of raw sheep
milk and Vlasi¢ cheese produced at different alti-
tudes in the mountain Vlasi¢. The working hypo-
thesis was adopted to explain whether the altitude
is associated with measurable variations in the
microbiological profiles of these products, reflect-
ing both environmental and hygienic differences
among production sites.

MATERIALS AND METHODS

Sampling

The sheep milk sampled in this research comes
from a native breed of sheep — Pramenka. The
sampling and transport of milk and cheese samples
were carried out according to ISO 7218:2024 [14].
Sampling was performed without subsequent con-
tamination, spoilage or damage to the sample.

Firstly, raw sheep milk was sampled, followed
by a sampling of Vlasi¢ cheese made from that
milk after 24 days of ripening. From each location,

5 milk and 5 cheese samples were taken. A total
of 15 milk samples and 15 cheese samples were
collected in amounts of approximately 200 ml or
200 g. Samples were collected from three areas in
the mountain Vlasi¢, at different altitudes above
sea level (asl): Paklarevo (800 m), Gostilj (900 m),
and Galica (1050 m), where Vlasi¢ cheese is tradi-
tionally made from raw sheep milk. The samples
were transported to the laboratory at a tempera-
ture of +4 °C, and were immediately analysed.

Laboratory analysis

All 30 samples were analysed for the presence
of Salmonella spp. and Listeria monocytogenes.
Detection and enumeration were performed for
the following microorganisms: coagulase-posi-
tive staphylococci, aerobic mesophilic bacteria,
Escherichia coli, Enterobacteriaceae, yeasts and
moulds. Analyses were conducted in the Labo-
ratory for Microbiology of Food and Feed of the
Veterinary Institute of the WVeterinary Faculty
(University of Sarajevo, Sarajevo, Bosnia and
Herzegovina).

Sample preparation was performed in
accordance with ISO 6887-5:2020 [15]. During
the sample preparation for analysis, the surface of
the container containing the sample at the point
where the opening is performed was cleaned with
a cotton swab soaked in 96% ethanol to prevent
cross-contamination of the sample.

For the detection of Salmonella spp. and Lis-
teria monocytogenes, 25 g or 25 ml of the sample,
or 10 g or 10 ml for the detection and quantifica-
tion of other microorganisms, was weighed into
a sterile Erlenmeyer flask. Before use, buffered
peptone water (BPW, Condalab, Madrid, Spain)
was tempered to room temperature (21-23 °C),
after which the first dilution with BPW was made
according to the ratio 9:1. Afterwards, the flasks
were placed on an orbital shaker (Bibby Scientific,
Stone, United Kingdom) for 15 min.

If the microbiological analysis required further
dilutions, 1 ml of the initial dilution was trans-
ferred to a test tube containing 9 ml of BPW
using a sterile pipette or micropipette. After
that, the test tube was covered and homoge-
nised using a Vortex mixer (Barnstead Interna-
tional, Dubuque, lowa, USA) for 5-10 s to ob-
tain a 102 dilution. Subsequent dilutions were
successively prepared in the previously described
manner (10-3, 104, etc.).

Microbiological analysis of sheep milk and
cheese was carried out in accordance with the
valid editions of the following ISO standards:
ISO 6579-1:2017 [16], ISO 11290-1:2017 [17], ISO
6888-1:2021/Amd 1:2023 [18], ISO 21528-2:2017
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[19], ISO 4833-1:2013 [20], ISO 16649-2:2001 [21]
and ISO 21527-1:2008 [22].

The original dehydrated media and their
additives, reagents and chemicals prescribed by
the applied ISO standards were used.

Statistical analysis

Statistical analysis was performed using sta-
tistical tools MS Excel (Microsoft, Redmond,
Washington, USA) and R Studio (Posit, Boston,
Massachusetts, USA).

ANOVA (one-way) analysis of variance was
performed to determine if there is a significant
difference between the averages of three groups of
samples from three locations in Vlasi¢. If the ob-
tained p-value was less than 0.05, a Tukey post-hoc
test was performed to determine whether there
was a significant difference between the groups of
samples.

A simple linear regression model was used
to predict the change in the number of microor-
ganisms as a function of altitude.

RESULTS AND DISCUSSION

The microbiological analysis of raw sheep
milk samples (Tab. 1) from Paklarevo, Gos-
tilj, and Galica revealed no presence of Sal-
monella spp. or Listeria monocytogenes. Mean
counts of aerobic mesophilic bacteria were
2.98 x 105 CFU'ml"! (Galica), 2.51 x 105 CFU-ml!
(Gostilj), and 3.24 x 105 CFU-ml! (Paklarevo).
E. coli counts averaged 2.02x 10° CFU-ml!
(Galica), 0.82x 103 CFU-ml! (Gostilj), and
1.73x 103  CFU-ml!  (Paklarevo).  Entero-
bacteriaceae levels were 4.56 x 10+ CFU-ml!
(Galica), 3.75x10* CFU-ml! (Gostilj), and
5.59 x 10* CFU'ml"! (Paklarevo). Coagulase-posi-
tive staphylococci were detected only in Galica
and Gostilj. Yeasts and moulds were present in
all samples. Significant differences were observed
in E. coli, Enterobacteriaceae, and mould levels
among localities, and p-values are presented in
Tab. 1.

The detection of enterobacteria and coagulase-
positive staphylococci in raw milk highlights the
influence of milking and handling practices on
microbial composition. While the present study
focused on food safety indicators and pathogens
rather than microbial community profiling, find-
ings from studies on traditional mountain cheeses
provide useful context for interpreting altitude-
and locality-related differences in microbial
counts. Similar findings have been reported for
raw milk used in traditional cheeses produced in
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Alpine [23, 24] and Caucasus regions [25], where
microbial loads reflect a combination of on-farm
hygiene, environmental exposure, and altitude-
related climatic conditions rather than industrial
standardisation. These systems are characterised
by greater microbial variability, which increases
sensitivity to handling practices during milking
and storage. Psychrotrophic microorganisms are
of particular concern in this context, as they enter
milk during milking and storage and produce
extracellular enzymes that resist heat treatment,
affecting cheese ripening [26, 27].

To determine the correlation between the
number of microorganisms in sheep milk samples
and altitude, a linear regression analysis was per-
formed. It was calculated to predict the number
of microorganisms based on altitude. There
was a significant regression equation for mould
count in sheep milk (F = 15.13, p < 0.001),
with an R2 of 0.486. The predicted decrease in
mould count was 4.12 x 103 CFU'ml"! for each
meter of altitude (Fig. 1). The regression sta-
tistics, ANOVA, and the coefficients for calcu-
lating the correlation are presented in Tab. 2.
There was no significant correlation between
the number of other microorganisms tested and
altitude. Although the direct effects of altitude
on specific microbial groups, such as moulds, are
understudied, research on traditional dairy sys-
tems demonstrates that altitude-related environ-
mental variables, including lower temperatures,
increased ultraviolet radiation, and changes in
pasture ecology, can influence the composition of
fungal and bacterial communities in raw milk and
artisanal cheeses. Studies from Alpine raw milk
systems and artisanal cheeses along elevation gra-
dients support the notion that microbial assem-
blages change with altitude, thereby providing eco-
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Fig. 1. Linear regression of mould count
in sheep milk samples in relation to the altitude.
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Fig. 2. Linear regression of Escherichia coli count
in Vlasi¢ cheese samples in relation to the altitude.

logical context for our observed altitude-related
trends in indicator organisms [28, 29].

The microbiological analysis of Vlasi¢ cheese
samples (Tab. 3) from all three locations tested
negative for Salmonella spp., Listeria monocy-
togenes, yeasts, moulds, and coagulase-positive

staphylococci. Thus, aerobic mesophilic bac-
teria were abundant: 4.15x105 CFU-g!
(Galica), 4.28x 105> CFU-.g! (Gostilj), and

1.77 x 105 CFU-g1 (Paklarevo). E. coli counts
were highest in Galica, while Enterobacteriaceae
levels varied significantly across sites.

A statistically significant difference (with
p-values given in Tab. 3) between the results from
the three different locations was observed for all
three groups of microorganisms quantified in the
cheese samples. A post-hoc Tukey test determined
a statistically significant difference in the number
of aerobic mesophilic bacteria between the Vlasic
cheese samples from the Gostilj and Paklarevo
locations, and for E. coli and Enterobacteriaceae,
a statistically significant difference was deter-
mined between the samples from the Gostilj and
Galica locations, as well as between the Galica
and Paklarevo locations. Cheese samples com-
plied with the microbiological criteria of the
Bosnian-Herzegovinian Rulebook on microbio-
logical criteria for food [30], with all results for
coagulase-positive staphylococci falling within per-
missible ranges (104105 CFU-g'!). Importantly,
yeasts and moulds were not detected, in contrast
to previous studies that reported their presence
during ripening [6]. This discrepancy underscores
the influence of locality and production condi-
tions on microbial outcomes. Studies on artisanal
cheeses have demonstrated that yeasts and fila-
mentous fungi typically establish and proliferate
during later stages of ripening, contributing to
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Fig. 3. Linear regression of Enterobacteriaceae count
in Vlasi¢ cheese samples in relation to the altitude.

biochemical transformations and flavour develop-
ment in traditional products. Additionally, yeasts
are recognised as key players in surface ripening
processes, where their metabolic activities modify
pH and enable subsequent microbial succession
critical to sensory development [31, 32]. The
absence of detectable yeasts and moulds in the
present study likely reflects differences in ripen-
ing duration, brining intensity, and storage con-
ditions in traditional Vlasi¢ cheese production,
rather than an absence of fungal potential in the
environment.

A simple linear regression was calculated to
predict the number of microorganisms in Vlasi¢
cheese samples based on altitude. A signifi-
cant regression equation was found (F = 32.10,
p < 0.001), with an R? of 0.472 for E. coli in Vlasi¢
cheese samples. The predicted increase in the
number of E. coli is 4.78 x 103 CFU-g'! for each
meter of altitude (Fig. 2). Regression statistics,
ANOVA and correlation coefficients are shown
in Tab. 4. Also, a significant regression equation
was calculated (F = 42.20, p < 0.001), with an R?
of 0.767 for Enterobacteriaceae in Vla$i¢ cheese
samples. The predicted increase in the number of
Enterobacteriaceae is 1.037 x 105 CFU-g'! for each
meter above sea level (Fig. 3). Regression statis-
tics, ANOVA and correlation coefficients are pre-
sented in Tab. 5. There was no significant correla-
tion between the number of aerobic mesophilic
bacteria and altitude (p < 0.001).

Vlasi¢ cheese is one of the most prominent
elements of the cultural and gastronomic herit-
age of B&H. Its production remains rooted in
traditional household practices, which contrib-
ute to its authenticity but also result in variability
of quality and potential microbiological risks [3].
Such practices, combined with the absence of milk
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Tab. 5. Regression statistics, ANOVA and correlation coefficients for Enterobacteriaceae count in Vlasi¢ cheese samples in relation to the altitude.
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pasteurisation, create conditions that may com-
promise hygienic standards. Comparisons among
the three localities revealed statistically signifi-
cant differences in several microbial groups. Re-
gression analysis indicated a negative association
between altitude and mould counts in milk, but
a positive association between altitude and E. coli
and Enterobacteriaceae in cheese. In high-altitude
production systems, limited temperature control
and greater reliance on ambient environmental
conditions may facilitate the survival or introduc-
tion of enteric bacteria during cheesemaking. The
observed increase in E. coli and Enterobacteriaceae
with altitude in Vlasi¢ cheese is therefore more
likely attributable to altitude-associated produc-
tion constraints than to intrinsic properties of the
raw milk. These findings suggest that altitude and
related environmental stressors may shape micro-
bial ecology in dairy systems. While previous work
has emphasised the role of altitude in biodiversity
and microbial adaptation [33], the mechanisms
behind the increase of enteric bacteria at higher
altitudes remain unclear. Given the adaptability
of E. coli to a wide range of temperatures and pH
values [34], its persistence in brined cheeses is not
unexpected, yet it warrants further investigation
with larger datasets.

The absence of Salmonella spp. and L. mono-
cytogenes is reassuring and highlights the protec-
tive role of traditional production elements such
as brining and low pH. However, the detection
of indicator microorganisms such as E. coli and
Enterobacteriaceae underlines the need for stricter
hygiene at all stages of production. A recent study
[35] investigated the prevalence of key foodborne
pathogens — L. monocytogenes, E. coli, and coagu-
lase-positive staphylococci — in cured raw milk
cheeses from the Alentejo region of Portugal.
L. monocytogenes and coagulase-positive staphy-
lococci exceeding regulatory thresholds were de-
tected in a notable proportion of samples (15.6 %
and 16.9 %, respectively), as were pathogenic
E. coli isolates with antimicrobial resistance pro-
files, highlighting consumer safety concerns in arti-
sanal cheese systems. In contrast, none of the Sal-
monella spp. or L. monocytogenes were detected
in raw milk or Vlasi¢ cheese in the present study,
although aerobic mesophilic bacteria, E. coli, and
Enterobacteriaceae were consistently present. The
absence of major pathogens in our samples may
reflect differences in production environments,
cheesemaking practices, or ripening conditions
between the Portuguese and Bosnian traditional
systems. However, both studies underscore that
indicator organisms such as E. coli and coagulase-
positive staphylococci remain useful biomarkers
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for hygiene status and potential contamination
risks in artisanal cheeses made from raw milk.

Although raw sheep milk in the region is rarely
consumed as such, consumer safety relies on both
traditional protective measures and improved
sanitation practices. Some studies have dealt with
differences in the composition of cow milk in rela-
tion to altitude [36], but studies for sheep milk are
scarce, especially when it comes to microbiological
variations.

This study is limited by a relatively small
sample size, mainly due to producers’ hesitation
at the time of sampling. In addition, seasonal
variation was not considered. Therefore, the re-
sults should be interpreted as preliminary. Overall,
this study demonstrates that while Vlasi¢ cheese
retains microbiological acceptability within current
legal standards, altitude and local production
practices significantly influence microbial profiles.
Future research should integrate larger sample
sets and seasonal variation to clarify the ecological
drivers of microbial dynamics in mountain dairy
systems and to identify interventions that preserve
both safety and traditional authenticity.

CONCLUSIONS

This study confirmed that VlaSi¢ cheese
generally complies with microbiological safety
standards, with Salmonella spp., L. monocytogenes,
yeasts, moulds, and coagulase-positive staphy-
lococci absent in all analysed milk and cheese
samples. Although most raw milk samples met
regulatory limits, the detection of aerobic meso-
philic bacteria, E. coli, and Enterobacteriaceae in
cheese highlights critical points where hygiene
during milking, storage, and processing can be
improved. Through an innovative framework that
incorporates geographical variability and altitude-
dependent trends, this study shows that environ-
mental conditions exert a significant impact on
microbial dynamics in artisanal dairy production.
These findings emphasise the need for stricter hy-
giene protocols and optimisation of production
steps, particularly minimising the interval between
milking and cheesemaking, to limit microbial pro-
liferation. Future research should expand sampling
across diverse mountainous regions and integrate
ecological variables to better understand altitude-
associated microbial shifts. Such evidence will con-
tribute to targeted interventions that protect con-
sumer health while preserving the authenticity and
cultural value of traditional Vla$i¢ cheese.
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