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1. Introduction

Milk, being the primary raw material in dairy 
plants for producing drinking milk and various 
dairy products, provides an ideal environment for 
the growth and proliferation of diverse microorgan-
isms. The multiplication of these microorganisms 
can lead to food contamination and subsequently 
cause foodborne illnesses in consumers (Lakticova 
et al., 2020). Data from the United States Foodborne 
Disease Surveillance System indicate that, between 
2009 and 2015, dairy products ranked as the second 

most frequent source of outbreaks, following fish 
(Dewey-Mattia, 2018). Prompt and systematic mon-
itoring of food quality, particularly milk quality, is 
indispensable for ensuring hygiene, safety, and pub-
lic health throughout the entire food supply chain. 
The microbiological data obtained through such sur-
veillance plays a pivotal role in validating food safe-
ty management systems and mitigating the incidence 
of product recalls and associated economic losses 
(Kadyan et al., 2020; Poghossian et al., 2019). 
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Enterobacteriaceae serve as hygiene indicators because they encompass a broad range of 
bacteria, including harmful species like Salmonella and Klebsiella pneumoniae. However, 
the standard coliform test depends on lactose fermentation, and since not all harmful en-
terobacteria—such as Salmonella, Shigella, or Yersinia—can ferment lactose, they may go 
undetected. Contamination of final dairy products can cause outbreaks of foodborne illnesses 
and incur additional expenses due to product recalls. Therefore, it is advisable to monitor 
hygiene indicators throughout milk production and processing to evaluate the effectiveness 
of the production process and decrease the necessity for repeated testing of final products. 
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Milk contains all the essential amino acids 
needed by the human body (Ahmed et al., 2019), but 
in its raw form, it also carries a variety of microor-
ganisms. Some of these can be harmful and cause 
foodborne illnesses, while others, though not dan-
gerous, can lead to spoilage (Souad et al., 2021; 
Merwan Ahmedsham et al., 2018). To make milk 
safer and extend its shelf life, it undergoes heat treat-
ment—pasteurization. This process kills or deacti-
vates 99.99% of both harmful and harmless microor-
ganisms (Golić et al., 2019), including all vegetative 
forms of bacteria, psychotropic microorganisms, 
yeasts, molds, and certain unwanted enzymes, all 
while maintaining the milk’s nutritional quality. 
Despite pasteurization, milk can still become con-
taminated. This can happen due to contact with 
unclean processing equipment, improper handling 
by workers, contaminated packaging, or if the pas-
teurization process itself is not performed correctly 
(Postoli and Shehu, 2018).

Maintaining proper hygiene is essential in pro-
ducing safe and high-quality milk and dairy prod-
ucts, as it helps reduce microbial contamination. 
One way to assess cleanliness and safety is through 
the use of indicator organisms. These are specif-
ic microbes whose presence signals the overall san-
itary condition of the food or processing environ-
ment. They can reveal contamination that may have 
occurred after cleaning procedures, during handling, 
or during storage. Additionally, these indicators can 
suggest the possible presence of harmful pathogens 
that could pose a risk to public health. In the glob-
al dairy industry, common groups of indicator bacte-
ria used to detect post-pasteurization contamination 
include coliforms, Enterobacteria, total Gram-neg-
ative bacteria, Pseudomonas, and Gram-positive 
spore-forming bacteria (Hervert et al., 2016). These 
groups help monitor cleanliness and ensure that 
safety standards are being met.

This review will discuss the current microbio-
logical parameters used to assess the hygiene of raw 
milk and dairy products in the processing plant.

2. Milk production hygiene

Advanced milking automation is increasingly 
replacing manual methods on leading dairy farms. 
Nonetheless, proper hygiene training remains essen-
tial for all personnel, as contamination primari-
ly stems from milking equipment and human con-
tact. The total bacterial count (TBC) and somatic 
cell count (SCC) are key indicators of raw milk 

hygiene and overall quality (Rodrigues et al., 2017). 
These are directly influenced by factors such as 
barn cleanliness, milking techniques, udder hygiene 
before, during, and after milking, equipment san-
itation, and prompt cooling of milk post-milking. 
High TBC and SCC levels—common in milk from 
many dairy farms in Serbia—signal breakdowns in 
hygiene practices before and during milking. Lit-
erature data indicate that enhancing corrective and 
preventive hygiene measures related to farm condi-
tions, milking procedures, and immediate milk cool-
ing after milking leads to significant and continu-
ous improvements in milk quality. This is reflected 
in improved TBC and SCC results. At the beginning 
of a study in Serbia, only 19.7% of milk samples 
met first-class quality standards, whereas by the end, 
this number had increased to 50.0%, clearly demon-
strating the effectiveness of the implemented meas-
ures (Mihajlović et al., 2022). These tests (TBC and 
SCC) mostly reflect on-farm hygiene rather than the 
final quality of dairy products.

However, two main groups of bacteria in raw 
milk can affect product quality: psychrophilic and 
psychrotolerant bacteria (like Pseudomonas), spore-
forming bacteria (like Paenibacillus and Clostrid-
ium). If raw milk is poorly refrigerated or stored 
too long, these bacteria can multiply and produce 
enzymes that survive pasteurization. These enzymes 
can continue breaking down milk components, caus-
ing off-flavors, aroma issues, and texture problems in 
dairy products. For example, high bacterial counts in 
raw milk can reduce cheese yield and cause defects 
during aging. In UHT products, leftover enzymes can 
lead to age gelation and spoilage during long-term 
storage, with signs like thickening, sediment, and 
bad odors (Martin et al., 2023; Murphy et al., 2016).

Spore-forming bacteria are another major 
group of microorganisms in raw milk that signifi-
cantly impact the quality of finished dairy products. 
These bacteria, from the Bacillales and Clostridiales 
orders, form endospores that originate in the farm 
environment, make their way into raw milk, survive 
processing, and later grow, causing spoilage (Gopal 
et al., 2015). Psychrotolerant spore-formers, which 
can grow at refrigeration temperatures, are a particu-
lar concern for liquid milk spoilage. Research shows 
they are responsible for 40–50% of the cases where 
milk in the U.S. reaches the 20,000 CFU/mL lim-
it set by the Pasteurized Milk Ordinance during its 
shelf life. These bacteria are considered the main 
contributors to the limited shelf life of liquid milk 
(Alles et al.,2018; Reichler et al., 2018). 
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Addressing these key microbial contaminants 
in raw milk is essential for improving the quality 
of dairy products. It is a critical focus for the entire 
dairy supply chain, because consumer dissatisfac-
tion with product quality directly impacts purchas-
ing behavior and long-term consumption. 

3. Hygiene indicators in dairy products

In developing countries, over 20% of milk pro-
duction is lost due to early spoilage and microbial 
contamination occurring at different points through-
out the production process (Fox et al., 2017). Some 
of this loss may result from dairy products spoiling 
too early, often because of poor sanitation or con-
tamination after pasteurization during processing. 
Bacteria such as coliforms, Enterobacteriaceae, and 
other Gram-negative organisms are common indica-
tors of these hygiene issues in dairy products around 
the world (Hervert et al., 2016). The use of Entero-
bacteriaceae as an indicator of hygiene covers a wide 
range of bacteria, including harmful species, such 
as Salmonella and Klebsiella pneumoniae (Hervert 
et al.,2017). The detection of these bacteria in milk 
suggests that safety protocols may have been fol-
lowed during processing, but that subsequent han-
dling of the milk was likely poor. Common sources 
of contamination with these bacteria include human 
or animal feces, water, equipment, and poor person-
al hygiene (Yilma and Faye, 2006). When equip-
ment and facilities are not properly designed for 
cleanliness, they can have hidden areas where bac-
teria like Salmonella can survive and thrive, even 
after cleaning. These bacteria do not always appear 
in predictable patterns—they can come from many 
different sources. They can also stick to surfaces 
and form protective layers (called biofilms), making 
them harder to remove and increasing the risk that 
the food will be contaminated (Hervert et al., 2017). 
Additionally, pests like rodents and insects can carry 
Salmonella and spread it further.

The choice of which hygiene indicator to use 
depends on the objective. For routine monitoring 
during production, it is not very important wheth-
er Enterobacteriaceae or coliform counts are used. 
However, coliforms are easier to cultivate and iden-
tify, making them more practical when the goals are 
to determine which species of bacteria are present 
and to assess their potential risks to consumers. On 
the other hand, Enterobacteriaceae are more suitable 
for assessing overall food hygiene and safety (Souad 
et al., 2021). 

Dairy products, like yogurt, can carry Entero-
bacteriaceae. That is why it is essential to follow strict 
hygiene and manufacturing practices at every step of 
the production process. Just because common food-
borne pathogens are not found in yogurt does not 
necessarily mean it is safe, as other harmful bacteria 
from the Enterobacteriaceae family could still be pre-
sent. Monitoring for Enterobacteriaceae helps assess 
whether the preventive hygiene measures in place are 
effective. This kind of testing offers valuable infor-
mation about the cleanliness, quality, and safety of 
yogurt products and helps ensure that sanitation pro-
cedures in the production facility are working prop-
erly (Knezevic et al., 2021). That study found that 
21.29% of yogurt samples contained more than 10 
CFU/g of Enterobacteriaceae, indicating problems 
such as poor hygiene, processing problems, or post-
production contamination (Knezevic et al., 2021).

Coliforms are Gram-negative, rod-shaped bac-
teria, able to survive with or without oxygen. They 
can ferment lactose to produce gas and acid (Feng et 
al., 2002). For a long time, coliform bacteria counts 
have been used to check the hygiene of dairy prod-
ucts. For example, studies in the U.S. from 2001 to 
2010 found that 7.6–26.6% of liquid milk samples 
were contaminated with coliforms after production 
(Martin et al., 2012). In a study conducted in Cam-
eroon (2012–2013), most yogurt samples had high 
levels of coliforms—over 102 CFU/mL. From these 
samples, 21 different species of Enterobacteriaceae 
were found among the 72 bacterial isolates original-
ly identified as coliforms. The standard test for coli-
form bacteria relies on lactose fermentation, but not 
all harmful Enterobacteriaceae—such as Salmonel-
lae, Shigella, or Yersinia—can ferment lactose, so 
they would not be detected. Replacing lactose with 
glucose in the test would help detect a wider range 
of these bacteria, including harmful ones. Because 
Enterobacteriaceae are more resistant to harsh con-
ditions than coliform bacteria, they can serve as 
more reliable indicators of hygiene and sanitation in 
food production (Knezevic et al., 2021). 

Research shows that raw milk typically con-
tains low levels of coliform bacteria and/or E. coli. 
However, their presence in raw milk does not nec-
essarily predict their levels in final cheese products. 
This is because the cheesemaking and ripening pro-
cesses can greatly influence the growth and surviv-
al of these bacteria. Various factors—such as the 
type of starter cultures, salting methods, aging con-
ditions, and ripening duration—affect the final com-
position, texture, and bacterial content of the cheese. 
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Since there are hundreds of different raw milk chees-
es with differing characteristics, it is difficult to gen-
eralize the number of indicator bacteria present in 
all of them. Usually, an initial increase in bacterial 
numbers occurs during early ripening, followed by 
a decline as the cheese matures. This early increase 
may be due to bacteria multiplying or being trapped 
in the curd during production (Metz et al., 2020). 
Research shows that E. coli and other indicator bac-
teria are commonly found in raw milk, typically at 
low levels—often below 100 CFU/g, and under 10 
CFU/g in high-quality milk. During the early stages 
of cheese production, these bacteria can multiply, but 
their numbers generally decline significantly during 
aging and ripening, except in fresh, unripened chees-
es. By the time the cheese is fully matured, indicator 
bacteria are usually either absent or present at very 
low levels—often below the limits (10–100 CFU/g) 
set by many countries. When high levels of indica-
tor bacteria are found in cheese, the cause is usual-
ly poor-quality raw milk, unsanitary production con-
ditions, or both. However, raw milk cheeses made 
from clean, high-quality milk and produced using 
good manufacturing practices typically do not have 
high levels of these bacteria (Metz et al., 2020).

4. Milk plant processing hygiene

Good hygiene practices (GHP) form the foun-
dation of any effective food safety management sys-
tem and ensure that the Hazard Analysis and Critical 
Control Points (HACCP) system operates effective-
ly. GHP helps to prevent the introduction and spread 
of harmful microorganisms, minimize the risk of 
food contamination during processing, handling, and 
storage, ensure compliance with national and inter-
national food safety regulations, and maintain con-
sumer trust by showing a commitment to produc-
ing safe and high-quality food (Postoli and Shehu, 
2017).

Keeping food contact surfaces clean, a funda-
mental of GHP, is essential to prevent cross-con-
tamination and maintain food safety. Inadequate-
ly cleaned surfaces can harbor microorganisms that 
reduce a product’s shelf life, but also pathogens that 
pose serious health risks if transferred to food. The 
high incidence in Europe of outbreaks (around 39%) 
associated with cross-contamination highlights its 

importance as a food safety risk (Whitehead and 
Verran, 2006). To mitigate these risks, food safe-
ty management systems like HACCP, supported by 
prerequisite programs (PRPs), emphasize the neces-
sity of effective cleaning and sanitation protocols.

However, the variability in cleaning outcomes 
across the food industry highlights the importance 
of systematically evaluating and adjusting clean-
ing schedules to ensure effectiveness. Manufactur-
ers have a legal and ethical responsibility to main-
tain cleanrooms by designing and following targeted 
cleaning programs, especially for surfaces that come 
into direct contact with food. Microbiological tests, 
such as surface swabbing and agar contact plates, 
are commonly employed to detect bacterial con-
tamination on food contact surfaces. Quantitative 
analyses determine the presence of indicator micro-
organisms on surfaces to assess overall hygiene lev-
els, with high counts signaling inadequate cleaning 
or sanitation. These indicators, such as total bac-
terial counts and Enterobacteriaceae counts, help 
assess the potential risk of contamination during 
food production. Qualitative analyses, on the other 
hand, focus on detecting specific pathogens—such 
as Salmonella spp. or Listeria monocytogenes—and 
reveal whether these dangerous microorganisms are 
present or absent in the tested area, rather than how 
many are present. Together, these two data provide 
a comprehensive picture of both the overall hygiene 
status and specific safety threats in the production 
environment (Postoli and Shehu, 2017).

5. Conclusion

Relying solely on final product control to 
ensure food safety has its drawbacks. Contaminat-
ed food products can lead to outbreaks of foodborne 
illness and result in additional costs due to product 
recalls. Therefore, it is recommended to use hygiene 
indicators throughout the milk production and pro-
cessing process, which help to assess how well the 
production process is functioning and reduce the 
need for repeated controls of finished products. By 
consistently applying and monitoring GHP, food 
businesses can reduce the risk of foodborne illness-
es and product recalls, while also providing docu-
mented proof of their commitment to food safety 
and hygiene standards.

Disclosure Statement: No potential conflict of interest was reported by authors.

Funding: The study was supported by the Ministry of Science, Technological Development and Innovation of 
the Republic of Serbia (Contract number 451-03-136/2025-03/200143). 

239



Milijana Sinđić et al.� Hygiene indicators in a milk processing plant – a review

References

Ahmed, S., Zim, A. F. M. I. U., Rahman, S., Ghosh, S., 
Chhetri, A., & Ali, M. S. (2019). Quality and safe-
ty assessment of Bangladeshi pasteurized milk. Jour-
nal of Food Quality and Hazards Control. https://doi.
org/10.18502/jfqhc.6.1.455 

Alles, A. A., Wiedmann, M., & Martin, N. H. (2018). Rap-
id detection and characterization of postpasteurization 
contaminants in pasteurized fluid milk. Journal of Dairy 
Science, 101(9), 7746˗7756. https://doi.org/10.3168/
jds.2017-14216 

Dewey-Mattia, D. (2018). Surveillance for foodborne disease 
outbreaks—United States, 2009–2015. MMWR. Surveil-
lance Summaries, 67.

Feng, P., Weagant, S. D., Grant, M. A., Burkhardt, W., Shell-
fish, M., & Water, B. (2002). BAM: Enumeration of Es-
cherichia coli and the Coliform Bacteria. Bacteriological 
Analytical Manual, 13(9), 1˗13.

Fox, E. M., Fanning, S., Corsetti, A., & Jordan, K. (2017). 
Microbial food safety along the dairy chain. Fron-
tiers in Microbiology, 8, 1612. https://doi.org/10.3389/
fmicb.2017.01612

Golić, B., Golić, M., & Ilić, T. (2019). Microbiological criteria 
in the manufacture of pasteurized milk. Veterinary Jour-
nal of Republic of Srpska/Veterinarski Zurnal Republika 
Srpske, 19(1). https://doi.org/10.7251/VETJEN1901098G 

Gopal, N., Hill, C., Ross, P. R., Beresford, T. P., Fenelon, M. 
A., & Cotter, P. D. (2015). The prevalence and control of 
Bacillus and related spore-forming bacteria in the dairy 
industry. Frontiers in Microbiology, 6, 1418. https://doi.
org/10.3389/fmicb.2015.01418

Hervert, C. J., Alles, A. S., Martin, N. H., Boor, K. J., & 
Wiedmann, M. (2016). Evaluation of different methods 
to detect microbial hygiene indicators relevant in the dairy 
industry. Journal of Dairy Science, 99(9), 7033˗7042.  
https://doi.org/10.3168/jds.2016-11074 

Hervert, C. J., Martin, N. H., Boor, K. J., & Wiedmann, M. 
(2017). Survival and detection of coliforms, Enterobac-
teriaceae, and gram-negative bacteria in Greek yogurt. 
Journal of Dairy Science, 100(2), 950˗960. https://doi.
org/10.3168/jds.2016-11553 

Kadyan, S., Kumar, N., Lawaniya, R., Sharma, P. K., Aro-
ra, B., & Tehri, N. (2020). Rapid and miniaturized meth-
od for detection of hygiene indicators, Escherichia coli 
and coliforms, in dairy products. Journal of Food Safety, 
40(5), e12839. https://doi.org/10.1111/JFS.12839 

Knezevic, S. V., Vranesevic, J., Pelic, M., Knezevic, S., 
Kureljusic, J., Milanov, D., & Pelic, D. L. (2021). The 
significance of Enterobacteriaceae as a process hygiene 
criterion in yogurt production. In IOP Conference Series: 
Earth and Environmental Science (Vol. 854, No. 1, p. 
012104). IOP Publishing. https://doi.org/10.1088/1755-
1315/854/1/012104 

Lakticova, K. V., Vargova, M., Sasáková, N., & Zigo, F. 
(2020). Assessment of the hygiene level in the dairy pro-
cessing plant. Asian Journal of Agriculture and Food Sci-
ences, 8(6). https://doi.org/10.24203/ajafs.v8i6.6438 

Martin, N. H., Carey, N. R., Murphy, S. C., Wiedmann, M., & 
Boor, K. J. (2012). A decade of improvement: New York 

State fluid milk quality. Journal of Dairy Science, 95(12), 
7384-7390. https://doi.org/10.3168/jds.2012-5767

Martin, N. H., Evanowski, R. L., & Wiedmann, M. (2023). In-
vited review: Redefining raw milk quality—Evaluation of 
raw milk microbiological parameters to ensure high-quality 
processed dairy products. Journal of Dairy Science, 106(3), 
1502˗1517. https://doi.org/10.3168/jds.2022-22416 

Merwan Ahmedsham, M. A., Nezif Amza, N. A., & Metekia 
Tamiru, M. T. (2018). Review on milk and milk prod-
uct safety, quality assurance and control. International 
Journal of Livestock Production, 9(4), 67˗78. https://doi.
org/10.5897/IJLP2017.0403 

Metz, M., Sheehan, J., & Feng, P. C. (2020). Use of indica-
tor bacteria for monitoring sanitary quality of raw milk 
cheeses–A literature review. Food Microbiology, 85, 
103283. https://doi.org/10.1016/j.fm.2019.103283 

Mihajlović, L., Cincović, M., Nakov, D., Stanković, B., 
Miočinović, J., & Hristov, S. (2022). Improvement of 
hygiene practices and milk hygiene due to systematic im-
plementation of preventive and corrective measures. Acta 
Veterinaria, 72(1), 76˗86. https://doi.org/10.2478/acve-
2022-0006 

Murphy, S. C., Martin, N. H., Barbano, D. M., & Wied-
mann, M. (2016). Influence of raw milk quality on pro-
cessed dairy products: How do raw milk quality test re-
sults relate to product quality and yield?. Journal of Dairy 
Science, 99(12), 10128˗10149. https://doi.org/10.3168/
jds.2016-11172 

Poghossian, A., Geissler, H., & Schöning, M. J. (2019). Rap-
id methods and sensors for milk quality monitoring and 
spoilage detection. Biosensors and Bioelectronics, 140, 
111272. https://doi.org/10.1016/j.bios.2019.04.040 

Postoli, I., & Shehu, F. (2018). Evaluation of the microbial pa-
rameters and hygiene status of dairy establishments in Ti-
rana region. European Journal of Academic Research, 6, 
1815˗1830.

Postoli, I., & Shehu, F. (2017). Assessment of the hygienic 
quality of the surfaces in the dairy industry using “Con-
tact Slide™” and swab test. Albanian Journal of Agricul-
tural Sciences, 641˗644.

Reichler, S. J., Trmčić, A., Martin, N. H., Boor, K. J., & 
Wiedmann, M. (2018). Pseudomonas fluorescens group 
bacterial strains are responsible for repeat and sporadic 
postpasteurization contamination and reduced fluid milk 
shelf life. Journal of Dairy Science, 101(9), 7780˗7800. 
https://doi.org/10.3168/jds.2018-14438 

Rodrigues, M. X., Lima, S. F., Canniatti-Brazaca, S. G., & 
Bicalho, R. C. (2017). The microbiome of bulk tank milk: 
Characterization and associations with somatic cell count 
and bacterial count. Journal of Dairy Science, 100(4), 
2536-2552. https://doi.org/10.3168/jds.2016-11540 

Souad, R., Mossadak, H. T., & Leila, B. (2021). Assessing hy-
giene indicators in two dairies in Algeria in producing 
pasteurized milk. Veterinary World, 14(9), 2317. https://
doi.org/10.14202/vetworld.2021.2317-2324 

Whitehead, K. A., & Verran, J. (2006). The effect of surface 
topography on the retention of microorganisms. Food 
and Bioproducts Processing, 84(4), 253˗259. https://doi.
org/10.1205/fbp06035 

240

https://doi.org/10.18502/jfqhc.6.1.455
https://doi.org/10.18502/jfqhc.6.1.455
https://doi.org/10.3168/jds.2017-14216
https://doi.org/10.3168/jds.2017-14216
https://doi.org/10.3389/fmicb.2017.01612
https://doi.org/10.3389/fmicb.2017.01612
https://doi.org/10.7251/VETJEN1901098G
https://doi.org/10.3389/fmicb.2015.01418
https://doi.org/10.3389/fmicb.2015.01418
https://doi.org/10.3168/jds.2016-11074
https://doi.org/10.3168/jds.2016-11553
https://doi.org/10.3168/jds.2016-11553
https://doi.org/10.1111/JFS.12839
https://doi.org/10.1088/1755-1315/854/1/012104
https://doi.org/10.1088/1755-1315/854/1/012104
https://doi.org/10.24203/ajafs.v8i6.6438
https://doi.org/10.3168/jds.2012-5767
https://doi.org/10.3168/jds.2022-22416
https://doi.org/10.5897/IJLP2017.0403
https://doi.org/10.5897/IJLP2017.0403
https://doi.org/10.1016/j.fm.2019.103283
https://doi.org/10.2478/acve-2022-0006
https://doi.org/10.2478/acve-2022-0006
https://doi.org/10.3168/jds.2016-11172
https://doi.org/10.3168/jds.2016-11172
https://doi.org/10.1016/j.bios.2019.04.040
https://doi.org/10.3168/jds.2018-14438
https://doi.org/10.3168/jds.2016-11540
https://doi.org/10.14202/vetworld.2021.2317-2324
https://doi.org/10.14202/vetworld.2021.2317-2324
https://doi.org/10.1205/fbp06035
https://doi.org/10.1205/fbp06035


Meat Technology — Special Issue 66 (2025) 3, 236–241

Yilma, Z., & Faye, B. (2006). Handling and microbial load 
of cow’s milk and Irgo-fermented milk collected from 

different shops and producers in Central Highlands of Ethi-
opia. Ethiopian Journal of Animal Production, 6(2), 7˗82.

Authors info 
Milijana Sinđić, https://orcid.org/0009-0006-0751-863X
Marija Pajić,  https://orcid.org/0000-0001-9756-2461
Aleksandra Nikolić, https://orcid.org/0009-0009-0012-3418
Tijana Ledina, https://orcid.org/0000-0002-9903-1477
Miloš Dimitrijević, https://orcid.org/0009-0008-0237-0546
Radoslava Savić Radovanović, https://orcid.org/0000-0002-2419-5936

241

https://orcid.org/0009-0006-0751-863X
https://orcid.org/0000-0001-9756-2461
https://orcid.org/0009-0009-0012-3418
https://orcid.org/0000-0002-9903-1477
https://orcid.org/0009-0008-0237-0546
https://orcid.org/0000-0002-2419-5936

