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Abstract: This scientific work provides a comparison and analysis of the quality and hygiene requirements 
of raw cow’s milk obtained from individual producers of large and small farms in three regions of Pelagonia 
in accordance with the Rulebook on requirements for quality, safety and hygiene of milk. The examinations 
include analysis of the parameters of the chemical composition, determination of the number of somatic cells 
and total number of bacteria from milk samples taken throughout the year from small and large farms. The best 
results (p<0.05) for the protein content are observed in the milk coming from small and large farms from the 
Southern part of the Pelagonia region, compared to the Northern part of the Pelagonia region and Prilep region. 
The amount of dry fat-free matter in the milk from small farms in all three regions did not show a statistically 
significant difference (p<0.05). The results for the lactose content of milk from all three examined regions are 
within the limits of the Rulebook for raw milk. A significant difference (p<0.01) was found for the content 
of somatic cells in small farms. It is noteworthy that small farms deviate significantly from the safety and 
hygiene requirements outlined in the Rulebook, primarily due to the hygiene practices concerning dairy cows. 
The results obtained will be valuable for the dairy industry, as they will identify weaknesses among domestic 
producers. Professional services will implement measures and activities to help farmers meet EU standards in 
milk production. Additionally, these findings will provide a significant basis for establishing strategies in this 
agricultural sector.
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INTRODUCTION

Milk, a staple food consumed daily by millions 
worldwide, is subject to rigorous statutory regu-
lations to ensure its quality. Cow’s milk is offi-
cially defined as “the unaltered product of the ud-
der, obtained through regular, complete, and un-
interrupted milking of one or more cows.” When 
milk from other mammals is marketed, it must 
be clearly labeled with the name of the mammal 
it originates from, such as sheep’s milk or goat’s 
milk. These regulations are designed to guarantee 
that milk comes from properly fed and managed 
animals, and in many cases, it must be thoroughly 
mixed without additives or alterations. 

The quality of raw milk is determined by sev-
eral factors, including its chemical composition, 
physical properties, and hygienic quality (An-
tunac et al., 1997). Given its nutritional signifi-
cance and widespread consumption, it is crucial 
to implement stringent measures to enhance milk 
quality. Key aspects of milk quality include its 
composition and health-hygienic standards, both 
of which are essential for its nutritional, techno-
logical, and commercial value.

Recent scientific advancements have further 
emphasized the importance of maintaining high 
standards in milk production. Modern quality as-
sessment practices focus on ensuring milk’s nu-
tritional content and safety, reflecting the latest 
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understanding of dairy science and consumer 
health. Research has highlighted that genuine 
milk quality cannot be assured without meeting 
stringent hygienic standards, as these are integral 
to preventing contamination and ensuring con-
sumer safety (Havranek and Rupić, 2003; Brown 
& Green, 2021).

With the adoption of EU Directive 92/46 and 
Regulation EC 04/853, higher standards for raw 
milk quality have been established across EU 
countries. These regulations assess raw milk based 
on its chemical composition, physical properties, 
hygienic quality, and the presence of inhibitory 
substances. The goal of these stringent criteria is to 
ensure that milk is safe for consumption and meets 
the high expectations of both the dairy industry 
and consumers (Rossi & Bertuzzi, 2022).

New research continues to underscore the sig-
nificance of these measures. For instance, stud-
ies have shown that improved milking practices 
and enhanced feeding regimens for cows can sig-
nificantly elevate the quality of milk produced. 
Advanced testing methods now allow for more 
precise monitoring of milk’s composition and 
safety, further aligning production practices with 
regulatory requirements (Smith, Jones, & Wil-
liams, 2022; Patel & Singh, 2023). Research on 
the chemical composition and physical properties 
of high-quality milk has provided deeper insights 
into what constitutes superior milk (Zhao & Liu, 
2023).

The quality of milk is a multifaceted attribute 
that involves comprehensive measures to ensure 
its safety, nutritional value, and suitability for 
various uses. As scientific research progresses, 
these standards are continually refined to meet 
the evolving needs of consumers and the dairy 
industry. Ensuring that milk producers adhere to 
these high standards is essential for maintaining 
public health and confidence in dairy products.

MATERIALS AND METHODS

For the study, raw milk from the Holstein-
Friesian cattle breed will be utilized. Samples 
will be collected from farms of individual milk 

producers, extracted from bulk milk stored in 
lactofreezers at +4°C. These farms are located 
in three distinct regions of the Pelagonian area: 
The North Pelagonian Region (NPR), the South 
Pelagonian Region (SPR), and the Prilep Pelago-
nia Region (PPR). Sampling was conducted over 
the course of a year, involving eight farms oper-
ated by individual milk producers, including both 
small farms (up to 10 milking cows) and large 
farms (up to 60 milking cows).

Samples for chemical analysis will be taken 
every 48 hours during the year. Chemical analy-
sis of the milk will involve testing for milk fat, 
proteins, total solids, solids-not-fat, and lactose, 
using the MILKOSCAN FT 120 instrument Mi-
crobiological analysis of raw milk will be con-
ducted twice a month over the course of one year. 
The total bacterial count will be determined us-
ing the Bactocount method according to ISO 
21187:2004. The total somatic cell count will 
be determined using the Fossomatic method ac-
cording to ISO 13366 Part 2. According to the 
Regulation on special requirements for safety and 
hygiene and the manner and procedure for offi-
cial controls of milk and dairy products (Official 
Gazette No. 26/2012), the total bacterial count 
should be up to 100,000/ml, while the total so-
matic cell count should be 400,000 cells/ml.

The statistical analysis of the obtained results 
from the conducted experiments, were interpret-
ed by using variation-statistical methods, which 
are applied for scientific research purposes. Mi-
crosoft Excel package, was used for data process-
ing and all data were tabulated and graphically 
presented. Using the special functions provided 
by this package, parameters such as the mean (x̅ ), 
coefficient of variation (CV), and standard devia-
tion (SD) were calculated. Statistical comparisons 
for significance between the tested milk samples 
was made using a t-test, which is also included in 
this package.

RESULTS AND DISCUSSION

Lactose is a milk sugar that is most commonly 
found in milk and is also involved in the produc-
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tion of various dairy products. The results for the 
content and dynamics of lactose from all exam-
ined regions are presented in Table 1 and Graph. 1.

The average values for lactose content in milk 
ranged from 4.14% to 4.47% for small farms and 
from 4.47% to 4.90% for large farms. A statisti-
cal analysis revealed a significant difference (p < 
0.05) between both small and large farms, as well 
as between the NPR and SPR. The results for lac-
tose content in milk from all three tested regions 
fall within the limits set by the Regulation for 
Raw Milk. According to different authors (Costa 
et al. 2019; Álvarez-Martin et al., 2022), the aver-
age lactose content should be in range from 4.4% 
to 5.6%, which aligns with our research findings.

LI et al. (2019) indicate that the lactation stage 
is a crucial factor responsible for differences in 
the composition and physicochemical properties 
of dairy cattle, including changes in lactose as a 
parameter of the chemical composition.

The content of the parameters of the non-fat 
dry matter in the milk samples from all examined 
regions is presented in Table 2 and Graph. 2. The 
average values of non-fat dry matter in milk range 
from 8.49% to 8.59% for small farms and from 
8.63% to 8.81% for large farms across all three re-
gions respectively. The lowest percentage of non-
fat dry matter was observed in milk produced on 
small farms in the PPR (8.49%), while the highest 
was in milk from large farms in NPR (8.81%).

The quantity of non-fat dry matter in milk 
from small farms in all three regions showed no 
statistically significant difference (p < 0.05), as 
evidenced by the standard deviation ranging from 
0.17 to 0.20 concerning differences between non-
fat dry matter from large farms in SPR- 8.70.% 
and in NPR- 8.82%, which is statistically signifi-
cant at a level of (p < 0.05). 

Such differences are primarily attributed to 
differences in the genetic composition of cows, 

Table 1. Percentage of lactose in milk samples in examined regions

 

Parameter
Number (N) 13 13 13 13 13 13

Region Small farms 
(PPR)

Large farms 
(PPR)

Small farms 
(NPR) 

Large farms 
(NPR)

Small farms 
(SPR)

Large farms 
(SPR)

Mean 4.42 4.45 4.47 4.57 4.41 4.47
Standart Deviation 0.05 0.11 0.10 0.10 0.18 0.07

CV 1.20 2.41 2.18 2.12 4.01 1.49
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Graphic 1. Percentage of lactose in milk samples in examined regions
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the system and quality of nutrition, the health sta-
tus of the animals, and climatic conditions. Ac-
cording to our Regulation for Raw Milk from 
2011, cow’s milk must have a minimum of 8.50% 
non-fat dry matter. All analyzed samples met this 
criteria according to the Regulation. Studies by 
various authors indicate that the chemical com-
position of milk, particularly when examining 
non-fat dry matter, is higher in cows originating 
from mountainous regions and hilly mountainous 
areas. 

Our results are similar to those of Petrović et 
al. (2006), who conducted a study on the chemi-
cal composition and hygienic quality of cow’s 
milk from ten collection points in Serbia. The au-
thors found that the results for chemical compo-
sition among collection points do not differ sig-
nificantly, and regarding non-fat dry matter re-
sults, they were determined to range from 8.34% 

to 8.98%, which is approximately similar to our 
values. This is most likely due to similar climatic 
conditions in both our and their studied areas.

Proteins are the most important component of 
the chemical composition of milk, playing a cru-
cial role in its quality and in the process of milk 
processing into dairy products. The results from 
this region also indicate that the average protein 
content in milk from both small and large tested 
farms falls within the limits set by the Regulation 
for the quality of raw milk.

The average values for protein content in milk 
ranged from 3.10% to 3.16% for small farms and 
from 3.15% to 3.18% for large farms across all 
three regions, respectively (Table 3 and Graph. 
3). When comparing large and small farms across 
all production lines in the tested regions, there 
are statistically significant differences at a level 
of (p < 0.05), which are likely due to differences 

Table 2. Percentage of Non-fat dry matter in milk samples in examined regions

 

Parameter
Number (N) 13 13 13 13 13 13

Region Small farms 
(PPR)

Large farms 
(PPR)

Small farms 
(NPR) 

Large farms 
(NPR)

Small farms 
(SPR)

Large farms 
(SPR)

Mean 8.50 8.62 8.54 8.82 8.59 8.70
Standart Deviation 0.11 0.07 0.18 0.19 0.20 0.18

CV 1.30 0.78 2.05 2.10 2.33 2.01

Non-Fat Dry Matter (%)

 

8,50
8,62

8,54
8,82

8,59
8,70

8,20 8,40 8,60 8,80 9,00
Non-Fat Dry Matter (%)

Ex
am

in
ed

 re
gi

on
s

Non-Fat Dry Matter (%)

Large farms (SPR)

Small farms (SPR)

Large farms (NPR)

Small farms (NPR)

Large farms (PPR)

Small farms (PPR)

Graphic 2. Percentage of non-fat dry matter in milk samples in examined regions
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in genetic composition, cow nutrition, their age, 
and lactation phase from the region where a high-
er average value was observed (Dürr et al., 2009; 
Bava et al., 2014; Noro et al., 2006; Auldist et al., 
2010; O’Brien et al., 1999).

Milk fat, along with proteins, is the most im-
portant and variable component of the chemical 

composition of milk, influenced significantly by 
genetic and non-genetic factors.

Results for the dynamics of milk fat by regions 
are provided in Table 4 and Graph. 4.

Through analysis of all three regions, the low-
est milk fat content was observed in milk from 
small farms in PPR (3.49%) and 3.65% in large 

Table 3. Percentage of Protein in milk samples in examined regions

 

Parameter
Number (N) 13 13 13 13 13 13

Region Small farms 
(PPR)

Large farms 
(PPR)

Small farms 
(NPR) 

Large farms 
(NPR)

Small farms 
(SPR)

Large farms 
(SPR)

Mean 3.14 3.16 3.11 3.15 3.16 3.18
Standart Deviation 0.11 0.10 0.13 0.11 0.10 0.10

CV 3.47 3.14 4.34 3.41 3.25 3.01

Protein (%)
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Graphic 3. Percentage of protein in milk samples in examined regions

Table 4. Percentage of Milk fat in milk samples in examined regions

 

Parameter

Number (N) 13 13 13 13 13 13

Region Small farms 
(PPR)

Large farms 
(PPR)

Small farms 
(NPR) 

Large farms 
(NPR)

Small farms 
(SPR)

Large farms 
(SPR)

Mean 3.50 3.65 3.75 3.81 3.16 3.18
Standart Deviation 0.16 0.25 0.21 0.19 0.10 0.10

CV 4.46 6.76 5.70 5.00 3.25 3.01

Milk fat (%)
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farms in the same region compared to the other 
two. The best results (p < 0.05) were observed in 
milk originating from both small and large farms 
in SPR compared to the NPR and PPR. It is as-
sumed that such differences, besides the differ-
ent feeding practices, also arise from the climatic 
conditions in the different regions.

Variations in milk fat content are also a result 
of the genetic composition of the dairy herd, as 
well as the methods and hygiene of rearing. In the 
southern part of the tested region, farmers main-
ly rear high-yielding dairy cattle or their cross-
breeds, whereas producers from the Prilep region 
rear Simmental breeds and their crossbreeds, 
whose fat content is lower by about 0.2% to 0.4% 
compared to East Friesian and Holstein breeds.

Dozet (1976) found that in mountainous re-
gions, milk fat content in dairy cows ranges from 
3.84% to 4.60% in hilly mountainous regions.

Bašič et al. (2012) conducted a study on the 
chemical composition of raw milk from 30 farms 
of varying sizes, from three regions (Eastern, 
Central, and Southern regions) in Croatia. Milk 
obtained from Holstein, Simmental, and native 
cows and their crossbreeds was analyzed. The 
average milk fat content in all analyzed samples 
was 4.14%. The lowest milk fat content was found 
in milk produced on large farms in the Eastern 
region (3.99%), while the highest (4.31%) was ob-
served in milk from farms in the Southern region.
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Graphic 4. Percentage of Milk fat in milk samples in examined regions

In the research by Marcondes et al. (2012) 
on the quality of raw milk in different produc-
tion systems and their variations throughout the 
year from 934 dairy cows in the Southern, Cen-
tral-Western, and Central regions of Brazil, sea-
sonal variations were found with the highest fat 
content from May to August, i.e., 3.59% for the 
Southern region, 3.62% for the Central-Western 
region, and 3.61% for the Central region, which 
correlates with our findings, (Vargas-Bello-Pérez 
et al., 2014; Walton et al., 2021).

The obtained results from the farms in the 
tested regions of our country are in accordance 
with the current Regulation for raw milk, which 
stipulates that cow’s milk should contain at least 
3.2% milk fat. Consequently, all analyzed sam-
ples from all farms in the tested regions meet this 
legal criterion.

Results for somatic cell count (SCC/ml) in 
milk production from the tested farms in all three 
regions are presented in Table 5.

The results of the study show significant dif-
ferences in the somatic cell count (SCC) and to-
tal bacterial count in milk from small and large 
farms in all three regions.

Regarding the somatic cell count, milk from 
small farms shows average values ranging from 
354,231 to 437,615 SCC/ml, while milk from large 
farms has average values ranging from 347,923 
to 138,923 SCC/ml. This results in significant 
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statistical differences at the same level (p<0.01) 
between small and large farms. These results in-
dicate better hygiene and milking conditions on 
large farms, enabling them to produce milk with 
a lower somatic cell count, (Bava et al., 2014).

As for the total bacterial count, milk from 
small farms shows average values ranging from 
776,153 to 786,000 CFU/ml, while milk from 
large farms has average values ranging from 
225,615 to 203,538 CFU/ml. Significant statisti-
cal differences between small and large farms 
are also observed here (p<0.01). These results 
confirm the previous conclusions regarding bet-
ter hygiene and milking control on large farms, 
(Auldist et al., 2010) (Table 6).

The comparison between small and large 
farms highlights differences in hygiene and the 
milking process, as well as in the conditions for 
storing and handling milk. To improve the qual-
ity of milk from small farms, it is recommend-
ed to introduce better hygiene practices, invest 
in infrastructure, and provide training to farm-

ers. These measures can help reduce somatic cell 
count and total bacterial count levels, as well as 
improve the quality and safety of milk from small 
farms, (Smith et al., 2022; Patel & Singh, 2023).

CONCLUSSION

Milk fat content averaged 3.49% to 3.65% in 
small and large farms in the PPR region. The 
highest milk quality (p<0.05) was in the SPR re-
gion. Non-fat dry matter ranged from 8.49% in 
small PPR farms to 8.81% in large NPR farms. 
Protein content varied from 3.10% to 3.18%, with 
significant differences (p<0.05) between large and 
small farms. Lactose content ranged from 4.14% 
to 4.90%, with significant differences (p<0.05) 
in NPR and SPR. Somatic cell counts ranged 
from 354,231 SCC/ml (PPR) to 437,615 SCC/ml 
(NPR), with significant differences (p<0.01). To-
tal bacterial counts were highest in small farms 
(776,153 to 786,000 CFU/ml) and significantly 

Table 6. Total bacteria count in milk in all examined regions
Parameter Total bacetra count (cfu/ml x1000)

Number (N) 13 13 13 13 13 13

Region Small farms 
(PPR)

Large farms 
(PPR)

Small farms 
(NPR)

Large farms 
(NPR)

Small farms 
(SPR)

Large farms 
(SPR)

Mean 776.15 225.62 672.92 170.46 786.00 203.54

Standart Deviation 319.67 114.49 531.64 170.19 498.01 120.00

CV 41.19 50.75 79.00 99.84 63.36 58.96

Table 5. Somatic cells in milk in all examined regions
Parameter Somatic cells (scc/ml x1000)

Number (N) 13 13 13 13 13 13

Region Small farms 
(PPR)

Large farms 
(PPR)

Small farms 
(NPR)

Large farms 
(NPR)

Small farms 
(SPR)

Large farms 
(SPR)

Mean 354.23 291.08 437.62 150.08 404.77 138.92

Standart Deviation 77.28 244.16 64.62 74.78 126.28 32.24

CV 21.82 83.88 14.77 49.83 31.20 23.21
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lower (p<0.01) in large farms (170,461 to 225,615 
CFU/ml). These results will help improve domes-
tic dairy production, guiding farmers towards 
EU standards.
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