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Abstract. The main goal of our study was to evaluate the effect of the farm, stage of lactation (SL), milk-
ing system (MS) and herd size (HS) on somatic cell count (SCC), the total count of microorganisms (TCM)
and counts of selected microorganisms (lactobacilli – LBC, Enterobacteriaceae, enterococci, psychrotrophic
microorganisms and micromycetes) in sheep milk. An additional part of our study was also the evaluation of
the basic composition of milk and the pH of milk. The study was carried out on four selected sheep farms
that are situated in the Czech Republic. The means of all traits found on all monitored farms were as fol-
lows: SCC – 5.31 log cells mL−1, TCM – 5.24 log cfu mL−1; LBC – 2.98 log cfu mL−1; Enterobacteriaceae –
2.31 log cfu mL−1; enterococci – 2.68 log cfu mL−1; psychrotrophic microorganisms – 4.50 log cfu mL−1; and
micromycetes – 2.81 log cfu mL−1. The farm had a significant (p ≤ 0.05) effect only on SCC. The MS had a
significant (p ≤ 0.05) effect on SCC and counts of LBC and psychrotrophic microorganisms. In contrast, the SL
and HS had no significant effect on SCC, TCM and counts of selected microorganisms. In conclusion, it is nec-
essary to state that all of the detected values of SCC, TCM and selected microorganisms were at a relatively very
low level and were also lower than the recommended limits. This fact was, in our opinion, primarily a reflection
of regular veterinary checkups and strict adherence to hygiene and sanitation standards. The results obtained are
also a good prerequisite for starting the production of dairy products from unpasteurized milk on all monitored
farms.

1 Introduction

Dairy sheep production in the Czech Republic (CR), unlike,
for example, neighboring Slovakia, represents a minority in
domestic livestock farming, with approximately only 2500
ewes currently being milked in the country. In the last 10
years, however, the growing interest of breeders in this pro-
duction has been registered, and the numbers of dairy sheep
have been slowly increasing. This gradually increasing inter-
est of breeders was and is primarily influenced by a growth
of consumer interest in fresh sheep cheese and yogurts made
from this milk, with consumers of these products specifically
appreciating their specific taste, as well as their natural im-
age.

On most Czech dairy sheep farms, purebred Lacaune
sheep or their crossbreeds with East Friesian sheep or Im-
proved Wallachian sheep are reared. On some small farms,

purebred ewes of Šumavská sheep are also milked. Dairy
sheep farms in the CR are mainly located in foothills and
mountainous areas, sheep nutrition is relatively extensive,
milk production is mostly seasonal, and milk is largely pro-
cessed directly on farms (Kuchtik et al., 2017).

The somatic cell count (SCC) represents an indicator of
animal health status, considered to be an elective milk qual-
ity standard for liquid milk and for cheese making (Albenzio
et al., 2019). The SCCs in milk vary depending on the fol-
lowing factors: animal species, animal, breed, stage of lac-
tation, parity, stress, management factors, and seasonal and
storage procedures (Park et al., 2013). According to Paape et
al. (2007), in the United States, the limit for sheep milk is
below 1 000 000 cells mL−1 (6.00 log), whereas there is no
legal limit for this milk in the European Union. However, the
threshold of SCC in sheep milk is still a debated topic. For
example, Albenzio et al. (2012) proposed that the threshold
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of SCCs in healthy sheep mammary glands should not ex-
ceed 250 000 cells mL−1 (5.40 log). Nevertheless, Bianchi et
al. (2004) reported the limit for subclinical mastitis in sheep
to be at the level of 500 000 cells mL−1 (5.70 log).

The main indicator of the hygiene quality of raw sheep
milk and one of the essential criteria for its purchase is the
total count of microorganisms (TCM). The criteria for the
hygiene quality of raw sheep milk are listed in the Regu-
lation (EC) No. 853/2004 of the European Parliament and
of the Council, as amended (Regulation 1662/2006). This
regulation primarily implies that the content of microorgan-
isms in sheep milk at 30 °C should be ≤ 1500000 (6.18 log)
in 1 mL (moving geometric average over a 2-month period,
whereby at least two samples must be taken per month). On
the other hand, if the milk is intended for the production of
dairy products from raw milk by a process that does not in-
clude heat treatment, the milk must contain ≤ 500000 (5.70
log) microorganisms in 1 mL. However, according to Gon-
zalo (2017), both limits are extremely high, indicative of very
deficient hygiene practices, and lead to a drastic reduction in
milk shelf time and a poor quality of dairy products.

In the mammary gland of a healthy animal, milk main-
tains a low microbial load (Fotou et al., 2011). On the other
hand, it is necessary to state that raw sheep milk can con-
tain all of the important alimentary pathogens, with Staphy-
lococcus aureus, Listeria monocytogenes, Escherichia coli
and Salmonella spp. being classified to be among these most
important pathogens.

In general, the most important factors that affect the bac-
teriological quality of sheep milk are the hygiene of milking
equipment and storage tanks, hygiene of milkers, milking
method, water quality, environment in the milking parlour,
temperature of the milk in the tank and hygiene of transport.
According to Alexopoulos et al. (2011), other factors that can
influence the bacteriological quality of sheep milk are breed,
housing, season and stage of lactation.

The basic chemical composition of sheep milk can be af-
fected by numerous factors such as the stage of lactation, par-
ity, season, breed, environmental temperature, animal age,
nutrition and diseases of the udder Claeys et al. (2014).
According to Novotna et al. (2009) and Matutinovic et
al. (2011), the contents of fat and total protein in sheep milk
decrease until reaching the peak of milk yield, while, later,
the contents of both of these milk components increase until
the end of lactation. According to the same authors, the con-
tent of lactose decreases during lactation. The pH of milk has
a fundamental effect on milk coagulation properties and the
quality of curd (Jaramillo et al., 2008), while, according to
Albenzio et al. (2004), the pH values in sheep milk increase
with increasing SCCs.

In general, it can be stated that the evaluation of SCC and
microbiological analyses of bulk sheep milk have been car-
ried out only sporadically in the Czech Republic. Therefore,
the main goal of our study was the evaluation of SCC, TCM
and selected microorganisms in sheep milk on selected farms

that are situated in the Czech Republic. The effects of stage
of lactation (SL), milking system (MS) and herd size (HS) on
the aforementioned traits were also evaluated as part of the
study. The SCC and TCM can also affect the basic composi-
tion of milk and the pH of milk. Therefore, an integral part
of our study was the evaluation of the basic components of
milk and the pH of milk.

2 Materials and methods

2.1 Animal experimental design and nutrition

The study was carried out on four selected sheep farms
(farms A, B, C and D) that are situated in the Czech Republic.
On farm A, East Friesian sheep are reared, and on all of the
other farms, Lacaune sheep are reared (Table 1). On all of the
monitored farms, milk production was seasonal. On all of the
farms, the lambing occurred in the course of March. Wean-
ing of lambs on all of the farms was finished on 1 May. After
weaning, all sheep on each farm began to be milked twice a
day, until the end of the study. Pre-milking and post-milking
disinfection was carried out for all sheep on all of the farms.

Throughout our study, all monitored farms were under reg-
ular veterinary control. At the beginning of our study, all
sheep in all of the herds were clinically healthy. If symp-
toms of mastitis were detected in individual ewes on any of
the farms during the study, these ewes were removed from
production.

Throughout the monitored period, the sheep on all of the
farms were kept on all-day pastures, with the daily feed ra-
tions of ewe’s on all of these farms being very similar as they
consisted of pasture (ad libitum), concentrate mixture (ap-
prox. 1 kg d−1 per ewe) and mineral lick (ad libitum). In the
case of rains that lasted 2 or more days, the hay was added
(ad libitum) to the sheep diet on all of the farms.

During our study, all ewes on the individual farms were
kept in one flock under identical conditions without any dis-
cernible differences in their nutrition or management. After
pasteurization, milk on all of the farms was processed into
various dairy products, while the main product on all of the
farms was fresh sheep cheese. Other specific characteristics
of the individual farms are shown in Table 1.

2.2 Samplings

All samplings were carried out from bulk milk during 2023.
All samples from all of the samplings contained milk from
the previous evening and morning milking. The first sam-
pling was carried out in May, the second was carried out in
July, and the last was carried out in September. These pe-
riods correspond to the three stages of production (May is
the early stage of lactation, July is the middle stage of lacta-
tion, and September is the late stage of lactation). Within the
framework of the first sampling, samplings were taken on all
four farms, with these samplings being obtained from the dis-
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Table 1. Other specific characteristics of the individual farms.

Farms A B C D

Farming system Conventional Organic Conventional Conventional
Breed East Friesian Lacaune Lacaune Lacaune
Average milk
production per sheep
and lactation

436 271 285 308

Herd size 17 110 210 48
Milking Machine Machine Machine Machine
Milking system Bucket Bucket Pipeline Pipeline
Milk cooling Glass containers in the refrigerator Stainless steel cooling tank Stainless steel cooling tank Stainless steel cooling tank
Other farm activities Horse breeding and beekeeping Agro-tourism and beekeeping Restaurant Breeding of suckler cows

charge valve of the tank (after thorough mixing beforehand)
in two sterile containers and one small sterile sample con-
tainer. The milk from the first sterile container was used for
analyses of the basic milk components and pH. Milk from the
second sterile container was used for bacteriological analy-
ses. Milk from the small sterile sample container (each con-
taining one Broad Spectrum Microtabs preservative tablet)
was used for the determination of SCC. In the same way, two
more samplings (in July and September) were carried out on
all farms. Finally, it should be added that a total of nine sam-
plings were carried out on each farm during our entire study.

After samplings, all of the individual milk samples were
transported in cooling boxes at a temperature of about 5 °C
to the milk laboratories at Mendel University in Brno and to
the private Laboratory for Milk Analysis in Brno – Tuřany
(Bohemian-Moravian Association of Breeders, a.s.).

2.3 Milk analysis

The SCC was determined using the fluoro-opto-electronic
apparatus BENTLEY 2500 (Czech State Standard EN ISO
No. 13366-2:2006). The total count of microorganisms
(TCM) was determined according to the Czech State Stan-
dard ISO 6610:1992. The count of lactic acid bacteria (lac-
tobacilli – LBC) was determined on MRS medium (Biokar
Diagnostics, France) anaerobic cultivation at 37 °C for 48 h
(Kalhotka et al., 2015). The count of Enterobacteriaceae
was determined according to the Czech State Standard ISO
7402:1995. The count of enterococci was determined on
Slanetz-Bartley Agar (Merck, Germany) at 37 °C 48 h (Bog-
danovicova et al., 2016). The count of psychrotrophic mi-
croorganisms was determined according to the Czech State
Standard ISO 6730:1996. The count of micromycetes – yeast
and molds – was determined according to the Czech State
Standard ISO 7954:1994. Afterwards, typical colonies were
counted, and the result was expressed as cfu (colony-forming
units) per mL.

Fat (F) content (in %) was determined by Gerber’s
acidobutyrometric method (Czech Technical Standard ISO
No. 2446:2008). Total protein (TP) content (in %) was de-
termined according to the Czech Technical Standard EN
ISO 8968-1:2014 using a Kjeltec (Foss Electric, Denmark).

Lactose (L) content (in %) was determined polarimetrically
(Czech Technical Standard No. 570530:1979). Active acid-
ity (pH) was measured with the pH meter WTW 95 with the
probe WTW SenTix 97.

2.4 Statistical analysis

First, the counts of SCC and TCM and the counts of Lac-
tobacilli, Enterobacteriaceae, Enterococci, psychrotrophic
bacteria and micromycetes were transformed into a logarith-
mic form to normalize their frequency distribution before
performing statistical analysis. A statistical analysis was car-
ried out using STATISTICA CZ version 14. ANOVA analysis
was applied to evaluate the differences between the individ-
ual farms, stages of lactation, milking systems and herd sizes.
When the analysis of variance showed significant differences
between the groups, Tukey’s test was applied. The differ-
ences were considered to be significant if p ≤ 0.05. Pear-
son correlation coefficients were also calculated using Sta-
tistica 14.

3 Results

3.1 Effect of farm, stage of lactation, milking system and
herd size on somatic cell count, total count of
microorganisms and counts of selected
microorganisms

The means (Table 2) of all logarithms found on all of the
monitored farms were as follows: SCC – 5.31 log cells mL−1;
TCM – 5.24 log cfu mL−1; LBC – 2.98 log cfu mL−1; En-
terobacteriaceae – 2.31 log cfu mL−1; enterococci –
2.68 log cfu mL−1; psychrotrophic microorganisms –
4.50 log cfu mL−1; and micromycetes – 2.81 log cfu mL−1.
A significant (p ≤ 0.05) effect of the farm (Table 2) was
found only on log SCC, with the significantly highest
log SCC (5.48) being found on farm D. In contrast, the
significantly lowest log SCC (5.02) was found on farm A.

The stage of lactation (SL) had no significant effect on
SCC, TCM and counts of selected microorganisms (Table 3).
Milking system (MS) had a significant (p ≤ 0.05) effect on
log SCC, log LBC and log of psychrotrophic microorganisms
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(Table 4), while lower values of log LBC (2.66) and log of
psychrotrophic microorganisms (4.04) were found in the case
of the MS with a pipeline compared to the MS with a bucket
(3.30 and 4.96). On the contrary, lower log SCC was found in
the case of the MS with a bucket compared to the MS with a
pipeline (5.19 vs. 5.42). The herd size (HS) had no significant
effect on SCC, TCM and counts of selected microorganisms
(Table 5).

3.2 Effect of farm, stage of lactation, milking system and
herd size on basic composition of sheep milk and its
pH

The mean contents of all basic components of sheep milk
found on all of the monitored farms were as follows: F –
6.75 %; TP – 5.85 %; and L – 4.61 %. The overall mean of the
pH was 6.58. The farm (Table 6) had a significant (p ≤ 0.05)
effect on the contents of F and TP. The highest fat contents
were found on farms B and C (7.66 % and 6.98 %), while the
lowest content of this milk component was found on farm A
(5.72 %). The significantly highest content of TP (6.97 %)
was found on farm D. On the contrary, the lowest content
(5.48 %) was found on farm C. The SL (Table 7) had a sig-
nificant (p ≤ 0.05) effect on the contents of TP and L. The
lowest content of TP (5.09 %) was found in the early SL,
and its highest content (6.94 %) was found in the late SL.
The highest content of L (4.98 %) was found in the early SL,
and its lowest content (4.21 %) was found in the late SL. The
milking system (MS) had no significant effect on the basic
composition of sheep milk and its pH (Table 8). The HS (Ta-
ble 9) had a significant (p ≤ 0.05) effect only on F content
when its highest value (7.32 %) was found in the case of HS
with more than 100 heads.

3.3 Correlations between all of the monitored traits

The correlations between all of the monitored traits are pre-
sented in Table 10. The F content had a significant (p ≤ 0.05)
positive correlation with log SCC (0.68) and log Enterobac-
teriaceae (0.67) and a negative significant (p ≤ 0.05) corre-
lation (−0.69) with the content of L. The TP content had
a significant (p ≤ 0.05) positive correlation with log SCC
(0.60) and log enterococci (0.60) and a negative significant
(p ≤ 0.05) correlation (−0.79) with the content of L. The
L content had also a significant (p ≤ 0.05) negative correla-
tion (–0.79) with log SCC. The log SCC had no other signif-
icant correlation apart from the above. The log TCM did not
have a significant correlation with any of the monitored traits.
The log LBC had a significant (p ≤ 0.05) positive correla-
tion only with log enterococci (0.62) and log psychrotrophic
microorganisms (0.65). The log Enterobacteriaceae, the log
enterococci and the log psychrotrophic microorganisms did
not have any other significant correlation apart from the sig-
nificant correlations mentioned above. The log micromycetes
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Table 3. Effect of the stage of lactation on SCC (log cells mL−1), TCM (log cfu mL−1) and counts of selected microorganisms
(log cfu mL−1).

Traits Early stage of lactation Middle stage of lactation Late stage of lactation All stages of lactation

Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.

SCC 5.23 0.27 4.84 5.44 5.26 0.27 4.86 5.48 5.43 0.05 5.38 5.51 5.31 0.22 4.84 5.51
TCM 5.28 0.37 4.89 5.73 5.06 0.56 4.54 5.80 5.38 0.35 4.88 5.71 5.24 0.42 4.54 5.80
LBC 2.69 0.39 2.31 3.23 3.19 0.83 2.61 4.41 3.05 0.99 1.70 3.81 2.98 0.74 1.70 4.41
Enterobacteriaceae 2.02 0.25 1.74 2.34 2.13 0.73 1.15 2.74 2.77 1.10 1.18 3.65 2.31 0.76 1.15 3.65
Enterococci 2.18 0.39 1.70 2.63 2.78 0.12 2.67 2.93 3.08 0.69 2.06 3.50 2.68 0.57 1.70 3.50
Psychrotrophic m. 4.26 0.76 3.60 5.31 4.59 0.68 4.11 5.60 4.65 0.52 4.00 5.24 4.50 0.63 3.60 5.60
Micromycetes 3.02 0.27 2.69 3.25 2.64 0.97 1.65 3.72 2.78 1.03 1.40 3.82 2.81 0.77 1.40 3.82

SD: standard deviation; min.: minimum; max.: maximum; SCC: somatic cell count; TCM: total count of microorganisms; LBC: lactobacilli; cfu: colony-forming units.

Table 4. Effect of the milking system on SCC (log cells mL−1), TCM (log cfu mL−1) and counts of selected microorganisms (log cfu mL−1).

Traits Bucket Pipeline All milking systems

Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.

SCC 5.19b 0.27 4.84 5.41 5.42a 0.07 5.32 5.51 5.31 0.22 4.84 5.51
TCM 5.26 0.50 4.54 5.80 5.22 0.38 4.70 5.73 5.24 0.42 4.54 5.80
LBC 3.30a 0.82 2.31 4.41 2.66b 0.53 1.70 3.23 2.98 0.74 1.70 4.41
Enterobacteriaceae 2.00 0.84 1.15 3.29 2.62 0.64 2.00 3.65 2.31 0.78 1.15 3.65
Enterococci 2.73 0.69 1.70 3.50 2.63 0.48 2.06 3.45 2.68 0.57 1.70 3.50
Psychrotrophic m. 4.96a 0.51 4.33 5.60 4.04b 0.32 3.60 4.52 4.50 0.63 3.60 5.60
Micromycetes 2.56 1.00 1.40 3.82 3.07 0.39 2.69 3.72 2.81 0.77 1.40 3.82

SD: standard deviation; min.: minimum; max.: maximum. a,b Means with different superscripts differ at p ≤ 0.05. SCC: somatic cell count; TCM: total count
of microorganisms; LBC: lactobacilli; cfu: colony-forming units.

did not have a significant correlation with any of the moni-
tored traits.

4 Discussion

4.1 Effect of farm, stage of lactation, milking system and
herd size on somatic cell count

Somatic cells are a reflection of the inflammatory response to
an intra-mammary infection or another trigger of the immune
system or of the physiological phase of lactation (Albenzio
et al., 2019). In our opinion, the fact that all of the moni-
tored farms in our study were under regular veterinary con-
trol when all ewes with symptoms of mastitis were removed
from production had a favorable effect on the low values of
log SCC within all of the factors we monitored (Tables 2, 3,
4 and 5). All of the detected values of SCC were also signifi-
cantly lower than the limits published by Bianchi et al. (2004)
and Paape et al. (2007) and the data published by Carloni et
al. (2016).

However, the fact is that our study showed a significant
(p ≤ 0.05) effect of farm and MS on the log of SCC, when
the lowest values of the log of SCC were found on farm A and
in the MS with a bucket. In our opinion, the lowest value of
log SCC on farm A was mainly affected by the lowest num-

ber of ewes reared here as this situation allowed the breeder
to have enough time for individual care of each sheep and a
better individual approach to milking. Regarding the lower
logarithms of SCC in the MS with a bucket, we assume that
this was a consequence of lower SCCs on both farms (A and
B), where the MS with a bucket was applied, compared to
the both farms (C and D) where the MS with a pipeline was
applied. However, in our opinion, the MS should have a min-
imal effect on SCC.

Many studies show – see, for example, Paape et al. (2007)
and Matutinovic et al. (2011) – that the SCC increases sig-
nificantly during lactation. In our study, the SCC grew non-
significantly during lactation, which is, however, in accor-
dance with results published by Jaramillo et al. (2008) and
Kuchtik et al. (2017). In our opinion, the insignificant in-
crease in SCC recorded during lactation in our study could
have been affected by the reduction in milk yield during lac-
tation and also, as reported Sevi et al. (1999), by a functional
alteration of the mammary gland tissue caused by shorter sur-
vival of epithelial cells that are supplied with fewer nutrients
at the end of lactation.

In conclusion for this part, it should be added that the sig-
nificant (p ≤ 0.05) negative correlation between the SCC and
L content found in our study is quite interesting as it demon-
strates that the decreasing L content is a reflection of the in-
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Table 5. Effect of the herd size on SCC (log cells mL−1), TCM (log cfu mL−1) and counts of selected microorganisms (log cfu mL−1).

Traits Up to 100 ewes More than 100 ewes All herd sizes

Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.

SCC 5.25 0.31 4.84 5.51 5.36 0.06 5.28 5.43 5.31 0.22 4.84 5.51
TCM 5.08 0.37 4.54 5.52 5.40 0.44 4.70 5.80 5.24 0.42 4.54 5.80
LBC 3.06 0.39 2.69 3.77 2.90 1.01 1.70 4.41 2.98 0.74 1.70 4.41
Enterobacteriaceae 2.06 0.77 1.15 2.97 2.55 0.78 1.74 3.65 2.31 0.78 1.15 3.65
Enterococci 2.78 0.62 1.70 3.45 2.58 0.55 2.06 3.50 2.68 0.57 1.70 3.50
Psychrotrophic m. 4.57 0.60 3.80 5.31 4.43 0.70 3.60 5.60 4.50 0.63 3.60 5.60
Micromycetes 2.66 0.94 1.40 3.72 2.97 0.60 2.02 3.82 2.81 0.77 1.40 3.82

SD: standard deviation; min.: minimum; max.: maximum; SCC: somatic cell count; TCM: total count of microorganisms; LBC: lactobacilli; cfu:
colony-forming units.

creasing SCC. We assume that this correlation also suggests
that the determination of L content can be a useful tool to aid
in mastitis detection.

4.2 Effect of farm, stage of lactation, milking system and
herd size on total counts of microorganisms and
counts of selected microorganisms in sheep milk

The TCM is an essential criterion for the microbiological
quality of milk, while this quality is primarily influenced by
the milking method, breed, housing, season, stage of lac-
tation and farm hygiene (Alexopoulos et al., 2011). In our
study, the farm did not have a significant effect on TCM,
with its values, depending on the farm, ranging from 4.54 to
5.80 log cfu mL−1. These values are significantly lower than
the criteria presented in the Regulation (EC) No. 853/2004
for sheep milk and the values found in sheep milk by Kondyli
et al. (2012) and Tonamo et al. (2020). On the other hand,
however, the values found in our study are comparable to the
results published by Carloni et al. (2016). Likewise, other
factors such as SL, MT and HS did not have a significant ef-
fect on TCM, while, in the case of all of the above-mentioned
factors, the TCM values were also lower than the criteria pre-
sented in the Regulation (EC) No. 853/2004 for sheep milk.

Regarding the individual correlations between TCM and
all of the other traits, the relatively high but insignificant cor-
relation between TCM and SCC (0.55) appears to be quite
interesting since a similarly high correlation between the
same traits in sheep milk was also reported by de Garnica et
al. (2013), while Koop et al. (2009) found a significant cor-
relation between these traits in goat milk. However, in our
opinion, the increase in SCCs in the milk of healthy ewes in
our study may not have a significant effect on TCMs and vice
versa since the SCCs in healthy ewes are primarily affected
by the stage of lactation, whereas the TCM is primarily in-
fluenced by milking hygiene. In conclusion to the above, it is
necessary to add that the TCM also had no significant corre-
lation with any of the other monitored parameters.

A common microflora of raw milk includes lactic acid
bacteria (Lactobacilli). These microorganisms get into the
milk mainly from the surface of the udders or from the
teats but also from the feed. In our study, the counts of
LAB (respectively, Lactobacilli – LBC) ranged from 1.70
to 4.41 log cfu mL−1, with an average for all of the farms
at the level of 2.98 log cfu mL−1, with these being signifi-
cantly lower logarithms than reported Kondyli et al. (2012)
and Silva et al. (2020) for these microorganisms.

Regarding the individual factors, the farm, SL and HS did
not have a significant effect on the counts of LBC. In con-
trast, the MS had a significant (p ≤ 0.05) effect on this trait,
with a lower count of these microorganisms being detected in
the case of MS by pipeline. This fact was mainly influenced
by the lower counts of LBC on both the farms where MS
by pipeline was applied. Regarding individual correlations,
in this case, a significant (p ≤ 0.05) positive correlation was
found between log LBC and log enterococci and between
log LBC and log psychrotrophic microorganisms. The above
can be explained by the fact that enterococci belong to lactic
acid bacteria, as well as LBC (Franz et al., 2003), and that
some types of LBC can also be psychrotrophic microorgan-
isms (Samarzija et al., 2012).

An important group of bacteria that also contaminate raw
milk are bacteria of the family Enterobacteriaceae. Most En-
terobacteriaceae live in the digestive tract of vertebrates as a
natural part of the intestinal microflora. Most of these bacte-
ria are non-pathogenic, but some (e.g., Salmonella, Shigella,
some strains of E. coli) can be the cause of serious and fatal
diseases for humans. Since enterobacteria living in the in-
testine enter the external environment through faeces, their
presence (for example, in water) indicates faecal pollution.
However, for raw sheep milk, there is no limit for the con-
tents of these bacteria in the Czech Republic.

The counts of Enterobacteriaceae in our study ranged
from 1.15 to 3.65 log cfu mL−1, with none of the monitored
factors having a significant effect on this trait. The detected
counts of Enterobacteriaceae were comparable to the val-
ues reported by Kondyli et al. (2012) and Merlin Junior et
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al. (2015). In contrast, Tonamo et al. (2020) reported higher
values of this log, while, in their opinion, these higher values
were influenced by the level of hygiene and sanitation and the
technological level in obtaining and storing milk. The counts
of Enterobacteriaceae had only one significant (p ≤ 0.05)
correlation (Table 10), namely with the content of F. How-
ever, we have no explanation for this correlation.

Enterococci are lactic acid bacteria (LAB) that are impor-
tant in environmental, food and clinical microbiology (Franz
et al., 2003). Enterococci represent a large part of the au-
tochthonous bacteria associated with the mammalian gas-
trointestinal tract but are also often found in soil and wa-
ter and on plants (Švec and Franz, 2014). Enterococci also
commonly contaminate raw and pasteurized milk, and their
presence in milk and milk products is indicative of insuf-
ficient sanitary conditions during milk acquisition and pro-
cessing (Lebreton et al., 2014; Lacanin et al., 2015). How-
ever, Greifova et al. (2003) state that milk can also be con-
taminated with Enterococci from feed.

In our study, the counts of enterococci ranged from 1.70
to 3.50 log cfu mL−1, with an average for all of the farms at
the level of 2.68 log cfu mL−1, which are values comparable
to the data reported for sheep milk by Kondyli et al. (2012).
In contrast, Duckova et al. (2008) found significantly higher
counts of this bacteria in sheep milk. Anyway, in relation to
the individual factors, the logarithms of this trait were very
balanced, and none of the monitored factors had a significant
effect on this trait.

Psychrotrophic microorganisms are among the most im-
portant contaminants of sheep milk. They make up more than
90 % of the microbial population of chilled milk (Silanikove
et al., 2010). These microorganisms are also very important
as they are capable of growth and metabolic manifestations
even at low temperatures, which can be very problematic if
milk is stored in a tank at 4 °C for more than 24 h. In our
study, the counts of these microorganisms related to all of
the evaluated factors were also dominant. Regarding the in-
fluence of the individual factors on this trait, the factors of
the farm, SL and HS did not have a significant effect. On the
contrary, a significant (p ≤ 0.05) effect of MS on this trait
was found, with lower counts of these microorganisms be-
ing recorded on both farms (C and D) where the MS a with
pipeline was applied. In our opinion, lower counts of these
microorganisms in the case of the MS with a pipeline are a
reflection of the fact that milk, when using this system, is di-
rectly transported under vacuum from the udder to dairy for
cooling and storage. At the same time, this system is charac-
terized by a significant reduction in environmental contam-
ination, whereas the MS with a pipeline is more suitable in
terms of both hygiene and sanitation compared to the MS
with a bucket.

Although the SL did not have a significant effect on this
trait, a gradual increase in the count of these microorganisms
during lactation was registered in our study, with, for exam-
ple, de Garnica et al. (2013) also recording an increase in the
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Table 7. Effect of the stage of lactation on the basic composition of sheep milk and its pH.

Traits Early stage of lactation Middle stage of lactation Late stage of lactation All stages of lactation

Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.

Fat (%) 5.93 0.80 5.24 6.94 6.62 1.21 5.01 7.95 7.71 0.55 6.90 8.10 6.75 1.12 5.01 8.10
TP (%) 5.09b 0.27 4.76 5.41 5.53a,b 0.77 4.86 6.61 6.94a 1.31 6.15 8.88 5.85 1.15 4.76 8.88
Lactose (%) 4.98a 0.17 4.77 5.17 4.63b 0.17 4.41 4.82 4.21c 0.18 4.11 4.47 4.61 0.37 4.11 5.17
pH 6.60 0.09 6.52 6.72 6.56 0.07 6.46 6.63 6.57 0.12 6.47 6.75 6.58 0.09 6.46 6.75

TP: total protein; SD: standard deviation; min.: minimum; max.: maximum. a,b Means with different superscripts differ at p ≤ 0.05.

Table 8. Effect of the milking system on the basic composition of sheep milk and its pH.

Traits Bucket Pipeline All milking systems

Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.

Fat (%) 6.69 1.31 5.01 8.10 6.81 1.01 5.33 7.97 6.75 1.12 5.01 8.10
TP (%) 5.48 0.74 4.76 6.54 6.22 1.43 5.14 8.88 5.85 1.15 4.76 8.88
Lactose (%) 4.71 0.39 4.13 5.17 4.51 0.35 4.11 4.93 4.61 0.37 4.11 5.17
pH 6.54 0.05 6.46 6.60 6.61 0.11 6.47 6.75 6.58 0.09 6.46 6.75

TP: total protein; SD: standard deviation; min.: minimum; max.: maximum.

counts of these microorganisms from spring to winter, with
the exception being during the summer period.

Raw sheep milk also contains microscopic fungi (mi-
cromycetes – yeasts and molds). Representatives of the
genera Candida, Cryptococcus, Debaryomyces, Geotrichum,
Kluyveromyces, Malassezia, Pichia, Rhodotorula, Tri-
chosporon, Aspergillus, Chrysosporium, Cladosporium, En-
gyodontium, Fusarium, Penicillium and Torrubiella are usu-
ally detected in raw milk (Delavenne et al., 2011). The
most important sources of micromycetes in milk are the
udder surface, feed and the surrounding environment. In
our study, the counts of micromycetes ranged from 1.40
to 3.82 log cfu mL−1 depending on the individual farm,
with the mean for all of the farms being at the level of
2.81 log cfu mL−1. The above-mentioned range is compara-
ble to the range reported by Kondyli et al. (2012). In con-
clusion to the above, it must be stated that the counts of the
micromycetes were not affected by any of the monitored fac-
tors, and this trait also had no significant correlation with the
other monitored traits.

4.3 Effect of farm, stage of lactation, milking system and
herd size on basic milk composition and pH

The farm had a significant (p ≤ 0.05) effect on the contents
of F and TP (Table 6). In our opinion, the effect on the con-
tent of F was mainly affected by the negative correlation be-
tween milk yield and F content because East Friesian (EF)
sheep which were reared on farm A had a significantly higher
milk yield than the sheep of the Lacaune breed which were
reared on all of the other farms. However, the contents of F
on most of the monitored farms were higher than the contents

of this milk component reported by Khaldi et al. (2022) but
were comparable to the data reported by Carloni et al. (2016).
In contrast, the contents of TP were quite balanced both on
farm A, where EF sheep were reared, and on farms B and
C, where Lacaune sheep were reared. However, the signifi-
cantly (p ≤ 0.05) highest content of TP was found on farm
D, where Lacaune sheep were also reared. In our opinion,
this fact was probably influenced by the long-term breeding
of sheep on this farm for the content of protein in the milk.
However, the mean content of TP for all of the farms was
comparable to the data found by Carloni et al. (2016) and
was slightly lower than that reported by Kondyli et al. (2012).
The contents of L were quite balanced on all farms, and their
values were comparable to the data published in reviews by
Claeys et al. (2014) and Balthazar et al. (2017). The pH val-
ues on the all farms were also very balanced, and all values
of this trait were comparable to the data reported by Mayer
and Fiechter (2012) and Li et al. (2022).

The SL had a significant (p ≤ 0.05) effect on the contents
of TP and L (Table 7). The contents of F and TP increased
during lactation, which is in line with the trends reported
by Kuchtik et al. (2017), Li et al. (2022), and Antunović et
al. (2024). On the contrary, the content of L decreased sig-
nificantly (p ≤ 0.05) during lactation, which is in accordance
with the trends published by Li et al. (2022) and Antunović et
al. (2024). The above trends are also confirmed in our study
by the correlations between L and F and L and TP (Table 10),
with both of these correlations being significantly (p ≤ 0.05)
negative.

The pH of sheep milk was quite balanced during the whole
lactation period, and the SL had no significant effect on
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Table 9. Effect of the herd size on the basic composition of sheep milk and its pH.

Traits Up to 100 ewes More than 100 ewes All herd sizes

Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.

Fat (%) 6.18b 1.16 5.01 7.88 7.32a 0.79 6.20 8.10 6.75 1.12 5.01 8.10
TP (%) 6.18 1.55 4.76 8.88 5.52 0.52 5.03 6.18 5.85 1.15 4.76 8.88
Lactose (%) 4.60 0.44 4.12 5.17 4.62 0.32 4.11 5.06 4.61 0.37 4.11 5.17
pH 6.59 0.08 6.52 6.75 6.56 0.10 6.46 6.72 6.58 0.09 6.46 6.75

TP: total protein; SD: standard deviation; min.: minimum; max.: maximum. a,b Means with different superscripts differ at p ≤ 0.05.

Table 10. Correlation between all monitored traits.

Fat Total protein Lactose pH Log SCC Log TCM Log LBC Log Enterobac. Log enterococci Log psychro. Log micromyc.

Fat 1.00 0.57 −0.69* −0.16 0.68* 0.44 0.20 0.67* 0.39 0.21 0.22
Total protein 0.57 1.00 −0.79* 0.35 0.60* 0.04 0.13 0.46 0.60* 0.04 0.16
Lactose −0.69* −0.79* 1.00 −0.01 −0.62* −0.25 −0.12 −0.45 −0.57 −0.05 0.13
pH −0.16 0.35 −0.01 1.00 0.02 −0.35 −0.28 −0.18 0.08 −0.31 0.27
Log SCC 0.68* 0.60* −0.62* 0.02 1.00 0.55 0.16 0.56 0.38 −0.31 0.25
Log TCM 0.44 0.04 −0.25 −0.35 0.55 1.00 0.47 0.36 0.11 0.09 −0.05
Log LBC 0.20 0.13 −0.12 −0.28 0.16 0.47 1.00 −0.07 0.62* 0.65* −0.29
Log Enterobac. 0.67* 0.46 −0.45 −0.18 0.56 0.36 −0.07 1.00 0.05 −0.14 0.56
Log enterococci 0.39 0.60* −0.57 0.08 0.38 0.11 0.62* 0.05 1.00 0.22 −0.16
Log psychrotro. 0.21 0.04 −0.05 −0.31 −0.31 0.09 0.65* −0.14 0.22 1.00 −0.31
Log micromyc. 0.22 0.16 0.13 0.27 0.25 −0.05 −0.29 0.56 −0.16 −0.31 1.00

SCC: somatic cell count; TCM: total count of microorganisms; LBC: lactobacilli; Enterobac.: Enterobacteriaceae; psychro.: psychrotrophic microorganisms; micromyc.: micromycetes; * p ≤ 0.05.

this trait, which is in line with the findings of Albenzio et
al. (2019).

The HS (Table 9) had a significant (p ≤ 0.05) effect only
on the F content, with higher values being found on the farms
with more than 100 ewes. In our opinion, the significantly
higher F content on farms with more than 100 ewes was
mainly influenced by the fact that on both of these farms
reared Lacaune ewes, which usually have a higher F content
than EF ewes that were reared on one of the smaller farms.

5 Conclusions

The results of our study mainly showed that the farm had
a significant effect on the somatic cell count, and the milk-
ing system had a significant effect on somatic cell counts
and counts of lactobacilli and psychrotrophic microorgan-
isms. Contrawise, the stage of lactation and herd size had no
significant effect on somatic cell count and microbiological
traits. At the same time, it is necessary to state that all of the
detected values of somatic cell count and the total counts of
microorganisms were at a relatively very low level and were
also lower than the recommended limits. This fact was, in our
opinion, primarily a reflection of regular veterinary checkups
that were carried out on all of the farms and strict adherence
to hygiene and sanitation standards. At the very end, it should
be added that the results obtained are a good prerequisite for
the monitored farms to start producing sheep dairy products
from unpasteurized milk, with the demand for these products
having been increasing significantly in recent years.
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