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Summary

Microbiological examination of food is one of the most important control processes in
food production and trade. In that way, we provide safe food on market, but also the
consumption of foods and the prevention of diseases that can be transmitted by food
contaminated with microorganisms.

The aim of this study was to examine the microbiological status of minced meat and meat
preparations in the period from years 2014 to 2020.

Microbiological examinations included Salmonella spp., Escherichia coli and the total
number of aerobic mesophilic bacteria. ISO standard were used to isolate microorganisms
(BAS EN ISO 6579-1, BAS ISO 16649-2, BAS EN ISO 4833- 1).

A total of 9,942 samples of minced meat and meat preparations (kebabs, burgers, grilled
sausages) were tested.

It was determined that 10.66% of the samples did not meet the microbial criteria. The
most commonly isolated pathogens were Escherichia coli in 11.60% and Salmonella spp.
in 1.93% samples. The higher number of aerobic mesophilic bacteria (86.65% of
samples) indicates bad hygiene and a potential rapid spoilage of the product.
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INTRODUCTION

Quality is generally considered to be one of the most important factors of the product’s
market success, especially its long-term well-being. The concept of quality is difficult to
define due to its complexity. Many philosophers debated about the quality term. At the
beginning of the development of food science, quality was defined as “lack of deficiency”
(Bilska and Kowalski, 2014). Good product quality is not an accidental matter but the
result of planned and coordinated action. The most important goal is to eliminate all
factors that can negatively affect product quality).

Minced meat and meat preparations are products of slaughtered animals and game, i.e.,
fresh meat products and according to the way they are placed on the market, they are
divided into minced meat, minced shaped meat. Minced shaped meat is semi-finished
product from one or more different types of meat and additional ingredients, with shaping
that is brought to the market under the names: kebabs, burgers, grilled sausages or under
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other names (Regulation, 2015). Food safety is one of the main issues of modern society.
Usually, meet may be a source of foodborne illness. The main issues related to meat
safety are the number of pathogenic microorganisms and spoilage microorganisms. The
most common causes of foodborne infections are Salmonella, Campylobacter, Yersinia
enterocolitica, Staphylococcus aureus, Clostridium perfringens, Clostridium botulinum,
Listeria monocytogenes, Escherichia coli, Shigella.

Cause of spoilage of raw meat is mainly related to the unwanted growth of
microorganisms in the meat during storage. The type and number of microorganisms
depend of the initial contamination of meat and specific storage conditions that can affect
the development of different populations associated with spoilage and thus affect the type
and speed of spoilage process (EFSA 2014; EFSA, 2013).

The microbiological status of meat is important from the aspect of the occurence of
microbiological damage, as well as the presence of pathogenic species that can lead to
food poisoning in humans. The prevalence of pathogenic bacterial species varies and
depends on the health status of animals for slaughter, hygiene process during slaughter,
carcasses processing, as well as the conditions of distribution and storage of products (
Doulgeraki et al., 2012). The presence and change in the number of certain groups of
microorganisms is used as parameter of the shelf-life of minced meat and meat
preparations (Cerveny et al., 2009). The total number of aerobic mesophilic bacteria and
Escherichia coli is most often tested as parameters of hygiene criteria on the process of
minced meat and meat preparations, and the presence of Salmonella spp. (Regulation,
2019) is tested as a food safety criterion.

Minced meat and meat preparations originating from healthy animals can be subsequently
contaminated with pathogenic bacteria, most often because of unhygienic procedures, use
of hygienically unsafe water, through insects, as well as inadequate procedure during
transport, storage and distribution. The degree of contamination depends on the
application of good manufacturing practice and hygiene standards during production,
with special reference to the slaughter process (Newell et al., 2010). Sustainability of
minced meat is conditioned by a numerous factors, such as the initial number of
microorganisms, method and type of packaging, storage temperature, etc.

Minced meat is more susceptible to spoilage compared to whole pieces of meat due to the
destruction of the muscle structure by machining, the release of water and the increase of
the available surface area by microorganisms. Different bacterial species associated with
the breakdown of minced meat and meat preparations colonize the surface of meat and
are absorbed into the interior during different phases (Jay et al., 2005). Proteolytic
bacteria break down sarcolemma and lead to the aforementioned breakdown of the
muscle cell, which make it more susceptible to colonization and multiplication by other
microorganisms. The development and duration of this process depends on many internal
and external factors, such as type of minced meat or meat preparations, pH value, amount
of oxygen, temperature as well as the presence of other bacterial species (Limbo et al.,
2010).

A food safety criterion is the one used to assess the acceptability/safety of product or
production batch placed on the market. This criterion applies to products during the shelf
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life, and if the result of product testing is unsatisfactory related to the criterion, the food
business operator can not place such a product on the market or, if the product is already
on the market, it must be withdrawen.

Modern consumers are looking for high-quality food that has retained the sensory
characteristics and nutritional value of the raw material from which it is produced, while
also being safe for human health (Beknees et al., 2002; Nattress and Jeremiah, 2000).

The aim of this study is to assess the safety of minced meat and meat preparations to
assess the risk for public health, especially assessing food criteria in the production
process (total number of aerobic mesophilic bacteria, Escherichia coli) and safety criteria
(Salmonella spp.).

MATERIALS AND METHODS

Samples of minced meat and meat preparations submitted to the Public Institution
Veterinary Institute of the Republic of Srpska "Dr Vaso Butozan" Banja Luka in the
period from 2014-2020 were used as material in this study. A total of 9,942 samples were
examined (2,696 minced meat, 4,920 kebabs, 652 burgers and 1,367 sausage grills). The
control of microbiological safety was done according to the Rulebook on microbiological
criteria in food of animal origin (Regulation, 2019).

After homogenization of samples, decimal dilutions were made and inoculated on
appropriate selective media in accordance with standard BAS ISO methods. Following
standard methods were used: BAS EN ISO 4833-1 (ISBIH, 2014), BAS ISO 16649-2
(ISBIH, 2008) and BAS EN ISO 6579-1 (ISBIH, 2018).

RESULTS AND DISCUSSION
In the period 2014-2020, 9,942 samples of minced meat and meat preparations were
tested. The results of the analysis are shown in the Table 1.

Table 1 Results of microbiological tests of minced meat and meat preparations in the
period 2014-2020.

Number of Assessment of microbiological safety in %
Year - :
samples Satisfactory Non satisfactory

2014, 906 89.95 10.0
2015. 1,013 8924 10.76
2016. 1,134 93.91 6.08
2017. 1,436 93.73 6.27
2018. 2,536 85.33 14.66
2019, 1,789 86.75 13.24
2020. 1,128 89.62 10.37
Total 9,942 83.24 10.91
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In the period period from 2014 to 2020, 9,942 samples were microbiologically tested, of
which 10.91% of samples did not meet the microbiological criteria prescribed by the
Regulation (2019). The highest number of non satisfactory samples in relation to the
examined number of samples was 13.24% in 2019, and the lowest 6.08% in 2016.

Results of microbiological tests of minced meat and meat preparations for the period
2014-2020, shown in Tables 2, 3, 4 and 5.

Table 2 Results of microbiological tests of minced meat

Acrobic mesophilic bacteria Escherichia coli Salmonella spp.

Year | Number of | Unsatisfactory | Number of | Unsatisfactory | Number of | Unsatisfactory
samples samples % samples samples % samples samples %

2014. 186 27.41 186 3.76 186 1.07
2015. 231 35.06 231 1.29 231 0
2016. 237 22.78 237 2.95 237 0
2017. 390 19.48 390 0.76 390 0
2018. 1,008 25.29 908 3.19 908 0
2019. 504 31.74 89 13.44 129 0
2020. 140 34.28 109 19.26 109 0
Total 2,696 26.89 2150 3.81 2190 0.09

When it comes to the criteria of hygiene in the production process, in 26.89 % of samples
minced meat did not meet the provisions of the regulations due to the findings of the total
number of bacteria, and in 3.81 % of samples due to the findings of Escherichia coli. The
food safety criterion did not meet the prescribed norms in 0.09% samples.

Table 3 Results of microbiological tests of kebabs

aerobic mesophilic bacteria Escherichia coli Salmonella spp.

Year Number of | Unsatisfactory Nun}ber Unsatisfactory Nurr}ber Unsatisfactory
samples samples % © samples % N samples %
samples samples

2014. 536 2.42 536 074 536 1,11
2015. 603 1.16 603 0.33 603 0.49
2016. 647 0 613 0.32 220 0.45
2017. 747 0,26 647 0.15 520 0.19
2018. 1,026 4.19 1026 0.29 912 0.10
2019. 895 3.91 805 0.12 106 0
2020. 466 37.5 402 2.73 173 0
Total 4,920 2.52 4632 0.51 3009 0.39

Samples of kebabs in 2.52% of cases did not meet prescribed criteria in the production
process due to the finding of the total number of microorganisms and 0.51% of samples
due to the findings of Escherichia coli, while Salmonella spp. was found in 0.39%
samples.
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Table 4 Results of microbiological tests of burgers

aerobic mesophilic bacteria Escherichia coli Salmonella spp.

Year Nug}ber Unsatisfactory Nuglfber Unsatisfactory Nugnfber Unsatisfactory
samples % samples % samples %

samples samples samples
2014. 70 7.14 70 1.42 70 2.85
2015. 51 0 51 0 51 1.96
2016. 77 2.59 77 1.29 77 1.29
2017. 86 2.32 78 1.28 86 2.32
2018. 168 12.26 57 1.75 12 0
2019. 143 9.09 143 0.69 114 0.87
2020. 57 5.26 5 0 0 0
Total 652 6.90 481 1.03 302 2.31

The finding of the total number of microorganisms in 6.90% of samples and Escherichia
coli in 1.03% from burgers samples indicates poor hygienic conditions in the production
process, while the findings of 2.31% of Salmonella spp. indicate on non satisfactory food
safety criteria.

Table 5 Results of microbiological tests of grilled sausages

aerobic mesophilic bacteria Escherichia coli Salmonella spp.

Year | Number of | Unsatisfactory Nugnfber Unsatisfactory Nugnfber Unsatisfactory
samples samples % samples % samples %
samples samples

2014. 114 0.87 114 0.87 1 0
2015. 83 10.84 21 14.28 3 0
2016. 173 0 173 0.57 1 0
2017. 213 0.46 212 0.47 8 0
2018. 354 5.64 134 0 10 0
2019. 247 5.26 238 0.42 220 0
2020. 183 1.63 15 13.33 4 0
Total 1,367 3.43 907 0.99 247 0

Grilled sausage in 3.43% of samples did not meet criteria of hygiene in the production
process due to findings of the total number of microorganisms and the finding of
Escherichia coli in 0,99% of samples. No Salmonella spp. was isolated from grilled
sausage samples.

In the period from 2014 to 2020, 2,696 samples of minced meat and 6,939 meat
preparations (4,920 kebabs, 652 burgers and 1,367 grilled sausages samples) were
examined. Related to the number of isolated pathogen in relation to the tested samples,
minced meat was dominant compared to meat preparations, and the reason may be the
fact that all semi-finished products had a certain amount of spices and other additives to
improve the taste of the products (salt, onion, pepper, etc). Many spices are known to
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have antibacterial activity and to have a strong bactericidal or bacteriostatic effect on
certain pathogenic bacteria (Zhang et al., 2009). The inhibitory activity of spices was
determined against various pathogenic bacteria from food in vitro (Filipovi¢ et al., 2016;
Filipovi¢ et al., 2014; Becerril et al., 2013).

The results indicate a significant risk in terms of spoilage and increase in the number and
type of bacteria depending on the origin of the type of meat, as well as the method of
storage and packing during market turnover. Poor hygiene practices in meat processing
can result in contamination of minced meat and meat preparations with pathogens that
could be a serious risk to human health.

Many researchers have examined the bacteriological status and viability of minced meat
and meat preparations and the obteined results are different (Belhaj et al., 2018; Erdem et
al., 2014).

Microbiological quality of 38 samples of minced meat, 27 samples of kebabs and 35
samples of fresh grilled sausages for the presence of Escherichia coli and Escherichia
coli was determined in a number of less than 10 CFU / g. (Varga et al., 2012).

The results of our study are in agreement with the results of researchers who examined
the microbiological safety of fresh meat, burgers and sausages (Belhaj et al 2018; Salem
et al., 2018; Bouzid et al., 2015; Yang et al., 2012; Direkel et al., 2010).

The initial number of bacteria in minced meat and meat preparations is very important for
the further course of microbiological processes that occur during storage, manipulation or
futher processing and the preraration of the same. The temperature at which minced meat
and meat preparations are stored is one of the key factors for the safety of the final
product (Remenant et al., 2015; Andritsos et al., 2012; Limbo et al., 2010).

CONCLUSION

The reason for the inadequate microbiological quality of minced meat and meat
preparations is the findings of aerobic mesophilic bacteria (86.72%), Escherichia coli
(11.06%) and Salmonella spp. (1.93%), were is dominantly unsatisfactory samples of
minced meat compared by meat preparations. Microbiological control of minced meat
and meat preparations directly participates in the prevention and development of human
diseases. In order to produce a safe end product, it is necessary to have hygienically
correct primary raw materials. Good production and hygiene practices will enable food to
be safe during transport and storage, and not to be a danger to human health. It is
necessary to emphasize that even in the condition of proper cooling, processing, transport
and storage, the safety of minced meat and meat preparations depends primarily on the
initial contamination with pathogenic bacteria.

Conflict of interest statement: The authors declare that there is no conflict of interest.
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	11_4_Štrbac_SRB
	12_6_Cengic_ENG
	12_6_Cengic_SRB
	13_9_Davidov_ENG
	13_9_Davidov_SRB
	VJRS-1-2-2021_Uputstvo autorima-Eng
	MANUSCRIPT LAYOUT, STYLE AND FORMATING
	The manuscripts are divided into the following edited sections:
	-Title page
	-Summary
	-Keywords
	- INTRODUCTION
	- MATERIALS AND METHODS
	- RESULTS*
	- DISCUSSION*
	- CONCLUSION
	- Acknowledgment **
	- Conflict of interest
	- REFERENCES
	- Table titles and/or Figures legends
	- Tables and/or Figures
	* Results and discussion can be in one chapter
	** Optional
	Title page
	The title page includes the title of the manuscript, as well as the full names and institutional affiliations of all authors. Corresponding author must be listed.
	Title: The title contains no more then 110 characters (including spaces) and is specific to the study. It should be understandable to a wide range of readers.
	Authors and affiliations. This includes names, middle initials (if used), surnames and affiliations in the following order: University or Organization/Institution, City and Country for all authors. Superscripts (1,2,3) are used in cases when the autho...
	Corresponding author. One of the authors must be marked as a corresponding author (add the symbol * next to the author's name). The name, surname and email of the corresponding author must be stated.
	Summary
	An sumarry contains no more then 250 words. Sections of the summary should not be separated by titles but only by a new paragraph.
	A structured summary is required for an Original research article and a Short communication or Working paper and is subdivided into the following sections: Introduction, Materials and methods, Results and Conclusion. The methods used must be mentioned...
	The summary for the Review article is structured and subdivided into the following sections: Background, Scope and approach, Key findings and Conclusions.
	The Case report does not require a structured summary, but it does include a summary of the case.
	Citations, tables, special abbreviations and significance levels (eg P <0.05) are not included in the summary.
	Keywords
	Below the Summary, three to five keywords must be listed in alphabetical order, avoiding general, plural and multiple terms (eg "and", "from"). These keywords will be used for indexing.
	INTRODUCTION
	In this part, the essence of the problem and the purpose of the study should be pointed out. Key aspects of published literature and research should be reviewed to indicate why this manuscript is considered an original contribution to current scientif...
	MATERIALS AND METHODS
	This section includes, as appropriate, a description of study design, experimental animals, analytical methods and statistical analyzes. Establish methods and procedures in sufficient detail to enable others to reproduce the study. If the methods are ...
	RESULTS
	The results are presented in a logical order and in accordance with the methods (there should be a result for each method), using tables and/or figures without duplicating the results between the two formats. To improve clarity, this section can be di...
	DISCUSSION
	The results should be discussed and linked to other relevant studies and current knowledge where needed. However, discussion is not used to summarize current knowledge. The discussion should clearly identify the main conclusions of the study. The auth...
	CONCLUSION
	The conclusion consists of a brief integration of the results directly related to the stated objectives of the study and a statement of the practical implications of the results. The conclusions are related to the goal of the study, avoiding unqualifi...
	Acknowledgements
	The source of funding for the study can be listed in this section. This section may list all those persons who have made significant contributions to the study in terms of design, conducting, analysis or providing/revision of manuscripts, but do not m...
	Conflict of interest
	Conflicts of interest exist when the interpretation of data or the presentation of information may be affected by personal or financial relationships with people or organizations. Authors are required to complete a conflict of interest statement. All ...
	REFERENCES
	It is necessary to ensure that each reference mentioned in the text is present in the reference list (and vice versa).
	It is recommended that references are not older than 20 years and that over 80% of references are from scientific journals, and the rest from other scientific sources.
	Citations in the text, such as personal communications, unpublished data or in the press (if there is no DOI number), are not accepted. Articles from scientific conferences can be cited only if they are published in full. Only esencial references shou...
	In the case of references to organizations or standards, abbreviations are used (eg EFSA, 2016; ISO, 2017) and in the case of laws and regulations, the term regulation (eg Regulation, 2012).
	The list of references is arranged alphabetically (using the A-Z sorting tool on the MS Word Home bar, if necessary) according to the surnames of the first authors.
	Examples:
	Journals:
	Nomenclature and taxonomy. All medical, chemical, biological or other terms should be used in accordance with the latest recommendations of the relevant international nomenclature. Names of genera and species of microorganisms and zoological names are...
	Tables and figures
	Figures must not be integrated into the main text, but are submitted as an additional document (each figure separately).
	Tables are submitted at the end of the Manuscript, as editable text (each table on a separate page).Tables and figures are numbered consecutively using Arabic numerals (Figure 1, Figure 2, Figure 3, Table 1, Table 2, Table 3, etc.). Capital letters A,...
	Results that can be described in the text as short statements are not shown as figures or tables. Data must not be copied into tables and figures.
	Titles and legends help to make tables and figures understandable without the reader having to refer to the main text. However, they also need to be summarized and not used to re-describe the methodology. The corresponding numbers and titles of the ta...
	Each table is prepared on a separate page and appropriately numbered with the short descriptive title of the table set out above. Tables can contain footnotes below the table and explain all abbreviations. Use Arabic numerals (1, 2, 3, etc., in the co...
	Figure legends do not appear in figures. When submitting figures, it is necessary to ensure that the files are properly identified as Figure 1, Figure 2, etc. Figure legends include the number and title of the figure and explanations of any symbols, l...
	Copyright
	Authors retain the copyright to published articles and give the publisher the right to publish the article, to be listed as its original publisher in case of re-use and to distribute it in all forms and media. If the journal does not accept the submit...
	Articles published in the Veterinary Journal of Republic of Srpska will be open access articles distributed under the Creative Commons Attribution (CC BY) 4.0 International License.
	Privacy Statement
	The names and e-mail addresses will be used exclusively for the stated purposes of this journal and will not be available for any other purpose or to any other party.
	Updated instructions for authors: February 7, 2022.
	JOURNAL ADDRESS:
	http://virs-vb.com/veterinarski-zurnal-rs/arhiva/
	http://doisrpska.nub.rs/index.php/VJRS/issue/archive

	VJRS-1-2-2021_Uputstvo autorima-Srb

