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Abstract

Antibiotics have been used in human and animal treatment for many years and revolutionized the
modern medicine. Overconsumption and misuse have led to a global problem with antibiotic
resistance. Sweden is among the countries in the European union with the lowest usage of antibiotic
for livestock. Development and spread of antibiotic resistant bacteria in humans can occur through
consumption of foods. The objective of this pilot study aimed to investigate the occurrence of
antibiotic resistant bacteria in unpasteurized milk and Swedish dairy products (pasteurized milk,
fresh cheese, ripened hard cheese and fermented milk) available on Swedish market. Culturing and
isolation of bacteria was performed along with taxonomic identification using MALDI-TOF MS.
Nine antibiotics were used for the investigation of bacterial resistance. These antibiotics belong to
some of the most important antibiotic classes used in human and veterinary medicine. Eleven
antibiotic resistant bacteria species were identified. Antibiotic resistant bacteria were found in
unpasteurized milk and in all the dairy products. The bacteria species were resistant towards eight
antibiotics included in the investigation. Greatest diversity of antibiotic resistant bacteria species
was identified in unpasteurized milk and fermented milk. Antibiotic resistant lactic acid bacteria
were found in ripened hard cheese, fermented milk and unpasteurized milk. This study used a single
batch of each investigated product. Further research that includes more batches from each product
is required in order to elucidate how frequently occurring antibiotic resistant bacteria are in Swedish
dairy products.

Keywords: Antibiotics, antibiotic resistant bacteria, susceptible, resistant, zone diameter
unpasteurized milk, pasteurized milk, fresh cheese, ripened hard cheese, fermented milk



Sammanfattning

Antibiotika har anvénts i behandling av ménniskor och djur under ménga &r och har revolutionerat
modern medicin. Overkonsumtion och missbruk har lett till ett globalt problem med
antibiotikaresistens. Sverige dr bland de ldnder i Europeiska unionen som har den lidgsta
anvéndningen av antibiotika for boskapsdjur. Utveckling och spridning av antibiotikaresistenta
bakterier hos ménniskor kan intréffa genom konsumtion av livsmedel. Malet med denna pilotstudie
syftade till att undersdka forekomsten av antibiotikaresistenta bakterier i opastoriserad mjolk och
svenska mejeriprodukter (pastoriserad mjolk, farskost, lagrad hardost och fermenterad mj6lk) som
finns tillgéngliga p& den svenska marknaden. Odling och isolering av bakterier utfordes tillsammans
med taxonomisk identifiering med MALDI-TOF MS. Nio antibiotika, tillhérande nagra av de
viktigaste antibiotika som anvinds inom human- och veterindrmedicin, anvidndes for undersdkning
av bakterieresistens. Antibiotikaresistenta bakterier pétrdffades i opastoriserad mjolk och alla
mejeriprodukter, och elva antibiotikaresistenta bakterier identifierades. Bakterierna var resistenta
mot atta av de antibiotika som inkluderades i undersdkningen. Den storsta mangfalden av
antibiotikaresistenta bakteriearter identifierades i opastoriserad mjolk och fermenterad mjolk.
Antibiotikaresistenta mjolksyrabakterier hittades i1 lagrad hardost, fermenterad mjélk och
opastdriserad mjolk. Denna studie anvidnde endast en batch fran varje produkt. Ytterligare forskning
som omfattar fler batcher av varje produkt krdvs for att klargéra hur frekvent forekomsten av
antibiotikaresistenta bakterier ar i svenska mejeriprodukter.

Nyckelord: Antibiotika, antibiotikaresistenta bakterier, mottaglig, resistent, zondiameter
opastoriserad mjolk, pastoriserad mjolk, farskost, lagrad hardost, fermenterad mjolk
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1. Introduction

Since the discovery of the penicillin by Sir Alexander Fleming in 1928 the first
antibiotic entered the history. Antibiotic discoveries continued the years to come
and have revolutionized modern medicine with the contribution of controlling
bacterial infections in human health, livestock and agriculture (Munita and Arias,
2016; Garzon et al., 2020). However, since the 1980s only one major new class of
antibiotics has been discovered and since the year 2000 only five new classes of
antibiotics have been introduced on the market (OECD, 2016).

Unfortunately, the intensive usage of antibiotics worldwide in medicine and
agriculture has dramatically increased, leading to increased frequency of antibiotic
resistance among pathogens (Andersson and Hughes, 2010). Increased frequencies
of antibiotic resistance reduce the possibility of effectively treating infections and
prevent deaths in the future (Andersson and Hughes, 2011).

Only in the United States (US) about 47 million antibiotic courses are prescribed
for outpatients each year for infections which could be treated differently. This
amount corresponds to approximately 30% of all antibiotics prescribed (CDC,
2020). A report from the worldwide Organization for Economic Co-operation and
Development (OECD) states that the inappropriate use of antibiotics among the 36
member states, Sweden included, may account for up to 50% of all antimicrobials
consumed in health care (OECD, 2016). The OECD also states that the agricultural
sector accounts for over 75% of the annual antimicrobial usage in EU and US.
Antibiotics play an important role in ensuring animal welfare through treatment of
infectious diseases, thus maintaining global food production (WHO, 2009). In
addition, antibiotics used for livestock are frequently belonging to the same classes
as those used in human medicine. Thereby increasing the risk of developing
resistant bacteria that are carried in food-producing animals and spread to people
via foods. The extensive use of antibiotics in dairy farms in the treatment of diseases
such as mastitis had led to transfer of antibiotic resistant bacteria (ARB) to
unpasteurized milk (Ozdikmenli Tepeli and Demirel Zorba, 2018).

The volume of cow milk produced worldwide was by 2019 approximately 522
million metric tons, from which 155 million metric tons were generated in the
European Union. This means that the region is the top producer of cow milk in the
world (Shahbandeh, 2020). In Sweden, approximately 2.7 million metric tons of
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cow milk was produced during 2019 of which 64% was used in the production of
dairy food products (Jordbruksverket', 2020; LRF, 2020).

Lactic acid bacteria (LAB) occur naturally in milk and are commonly used as
starter- and probiotic cultures in a variety of dairy food products (Widyastuti et al.,
2014, Georgieva et al., 2015). The LAB has a Qualified Presumption of Safety
(QPS) status by the European Food Safety Authority (EFSA). The QPS status
means that the LAB do not pose any safety concern to humans. However, acquired
genes for AR have been detected in LAB species isolated from foods, dairy
products included (EFSA 2007, Kim et al., 2018, Chaj¢cka-Wierzchowska et al.,
2020).

Concerns about transfer of ARB from food-producing animals to human
microbiota led in 2006 to an EU-wide ban on the use of antibiotics as growth
promoters in animal feed (Castanon, 2007). In Sweden, the use of antibiotics for
growth promotion was prohibited in 1986. (Jordbruksverket?, 2020). Current
regulations state that antibiotics for animals are only available on prescription and
can only be sold by pharmacies. However, regardless the more controlled use of
antibiotics in Sweden they are still used for treatment of infections among food-
producing animals, including dairy cows (Véxa, 2019). This raises the question if
ARB exist in milk and dairy products available on the Swedish market.

1.1. Purpose and objective

This project was designed as an explorative pilot study, with the purpose to make a
screening of ARB in milk and dairy products. Thus, this project aimed to investigate
the current status of the possible content of ARB in Swedish dairy products
available on the Swedish market. The study included products based on bovine milk
e.g., 1) pasteurized milk, 2) unpasteurized milk, 3) fermented cheese, 4) fresh
cheese, 5) ripened hard cheese. The hypothesis was that the dairy products are of
high quality for consumption and free from ARB.

1.2. Delimitations

This pilot study was limited to include no more than one single batch of each
product, which also lowered the screening amount of possible ARB. Also, the
number of antibiotics included in the screening was limited. Consequently, the
results cannot be generalized as deeper study would be needed.
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2. Background

2.1. Antibiotics

Antibacterial drugs (antibiotics) are molecules that are either bacteriostatic (inhibit
bacterial replication or growth) or bactericidal (cause death or lysis of bacterial cell)
and thus can be used to treat bacterial infectious diseases (Walsh, 2003). The
discovery of antibiotics has underpinned modern medicine. Before the discovery of
penicillin by Alexander Fleming, minor infections and diseases such as pneumonia
often caused death due to septicemia (Ferri et al., 2017). Their subsequent
application in clinical medicine has increased life expectancy and saved lives of
millions of people through reduced mortality from bacterial infections (Zaman et
al. 2017; Blair et al., 2015).

The primary source of antibiotics derives naturally from microorganisms (Awad
et al., 2012). Almost all antibiotic activities from natural antibiotics are products of
secondary metabolic pathways and have no artificial additives (Walsh, 2003). An
example of such antibiotics are streptomycin and tetracycline obtained from
Streptomyces species, gentamicin obtained from Micromonospora purpurea and
penicillins obtained from Penicillium species (MicroDok, 2018). However, semi-
synthetic antibiotics are natural antibiotics that are chemically modified in order to
increase the therapeutic efficacy of the drug and to minimize the side effects.
Example of a semi-synthetic antibiotic is ampicillin. Antibiotics which are designed
and produced in laboratories are categorized as synthetic antibiotics. With advances
in medical science the synthetic antibiotics could target the crucial replication
element of protein synthesis and block the process before its initiation. One
example of such antibiotics is chloramphenicol (Awad et al., 2012).

Classifications of antibiotics that are most widely used today is based on the
antibiotic spectrum, mechanism of action and chemical structure (Garzon et al.,
2020).

2.1.1. Antibiotics spectra

The biological activity of antibiotics can be separated into broad-spectrum and
narrow-spectrum antibiotics. Broad-spectrum antibiotics act in a wide range on
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gram-positive and gram-negative bacteria (Awad et al., 2012). In narrow-spectrum
antibiotics bacteriostatic and bactericidal ability is limited, thus they are only
effective against certain types of organisms or infections

2.1.2. Mechanism of action

The activity of an antibiotic develops through a limited number of mechanisms of
action where some of the major once are described beneath.

Inhibition of bacterial cell wall biosynthesis

Both gram-positive and -negative bacteria have a cell wall layer consisting of long
sugar polymers called peptidoglycan. The peptidoglycan undergoes enzymatic
crosslinking of the glycan and peptide strands by transglycosylase and
transpeptidase action, respectively, thus maintaining the shape and mechanical
strength of the cell wall (Kapoor et al., 2017; Walsh, 2003). Antibiotics that affect
the bacterial cell wall block the biosynthesis of peptidoglycan by inhibiting
enzymes or sequester substrates involved in the peptidoglycan assembly and cross-
linking (Kohanski et al., 2010). Hence, the bacterial cells become distorted and
osmotic imbalance will lead to cell lysis. Antibiotics involved in this mechanism
includes glycopeptides, e.g. vancomycin, and B-lactams, e.g. ampicillin.

Inhibition of protein biosynthesis

One of the most common target mechanisms of the antibiotics is the protein
biosynthesis (Garzon et al., 2020). In bacteria the 70S ribosome is composed of two
subunit nucleoprotein particles. The small subunit 30S and the large subunit 50S
synthesize proteins present in m-RNA during the translation process (Kapoor et al.,
2017). Antibiotics inhibit protein biosynthesis by binding to receptors on either the
30S or 50S subunit. After initial binding to the ribosome, the reaction is leading to
inhibition of the activation phase of the proteins, onset of protein synthesis and
preventing the formation of translation elements (Garzon et al., 2020). These
disruptions will slow down growth or be lethal to the bacteria. Antibiotics that act
as protein biosynthesis inhibitors include tetracycline, kanamycin and streptomycin
targeting the 30S subunit and clindamycin, chloramphenicol and erythromycin
targeting the 50S subunit (Walsh, 2003).

Inhibition of DNA synthesis function

The enzymes called topoisomerases are essential for cell viability in both
prokaryotic and eukaryotic cells through their involvement in the processes of
replication, transcription and translation of nucleic acids (Garzon et al., 2020,
Walsh, 2003). Antibiotics mainly pinpoint the enzymes topoisomerase II (DNA
gyrase) in gram-negative bacteria and topoisomerase IV in gram-positive bacteria,
thereby inhibiting synthesis of DNA in bacterial cells (Kohanski et al., 2010).
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Antibiotics involved in this mechanism includes quinolones, rifampicin and
sulphonamides (MicroDok, 2018).

Other targets of antibiotics

Antibiotics are also able to disrupt the bacterial cytoplasmic membrane (Garzon et
al., 2020). Lipopeptide antibiotics can generate irreversible influx or outflux of ions
through altering the structure of the bacterial membrane and changing its
permeability. The integrity of the membrane will be disturbed which could lead to
cell death. Further, antibiotics of sulphonamides and trimethoprim are capable of
inhibiting distinct steps in the folic acid metabolism thus blocking the bacteria to
obtain essential compounds required for their survival (Kapoor et al., 2017).

2.1.3. Chemical structure

Antibiotics within the same chemical structural class express similar patterns of
effectiveness, toxicity and allergic potential (MicroDok, 2018). The B-lactam
antibiotics, e.g. penicillins, amoxicillin and ampicillin, and the cephalosporins, e.g.
cefalexin, all contain a beta-lactam ring in their structure and inhibit bacteria cell
wall biosynthesis (Compound Interest 2014; Coates et al., 2011). Another example
is the aminoglycosides, a family of over 20 antibiotics e.g. gentamicin,
streptomycin and kanamycin, that all contain amino-sugar substructures and inhibit
the synthesis of protein by the bacteria (Compound Interest 2014)

2.2. Antibiotic resistance mechanisms

The way the antibiotic is prescribed and used in the world urgently needs to change.
WHO has identified antibiotic resistance as one of the three greatest threats of the
21 century to both human and animal health (WHO, 2014). Antibiotic resistance
is rising to dangerously high levels where new mechanism of resistance are
emerging and threatening the ability to treat the most common bacterial infectious
diseases. It is estimated that 70% of the pathogenic bacteria are resistant to at least
one of the known antibiotics (Garzén et al., 2020). The findings and development
of new antibiotics have in the last couple of decades been scarce due to shortage of
research on antibiotics (Munita and Arias, 2016). The chance of finding new
antibiotics is also limited by that remaining effective antibiotics may be few to be
discovered.

The principles of biology and evolution are unavoidable to the occurrence and
rise of ARB (Sharma et al., 2016). Over millions of years of evolution sophisticated
mechanisms of drug resistance have evolved from bacteria in order to avoid death
by antimicrobial molecules, thus bacteria resistance towards antibiotics is a natural
response (Munita and Arias, 2016; Awad et al., 2012). However, the widespread
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misuse of antibiotics in both human and food-producing animals leads to
accelerated spread of ARB (WHO, 2014). Bacteria can be intrinsically resistant to
antibiotics due to the bacterial natural ability to resist the action of a certain
antibiotic (Blair et al., 2015). This is a result of inherent functional or structural
characteristics such as the absence of a susceptible target of a specific antibiotic.
Antibiotic resistance may also be acquired via spontaneous mutations in
chromosomal genes or by horizontal gene transfer from donor bacteria, phages or
extrinsic additional DNA from an outside source (Sefton, 2002).

The mutational resistance occurs when susceptible bacterial cells develop
mutations in genes that affect the antibiotic activity (Munita and Arias, 2016). This
gives a selective survival advantage in the presence of the antibiotic as susceptible
bacterial neighbors will be eliminated and the resistant bacteria can predominate
the culture and further disseminate effectively (Walsh, 2003). The mutated resistant
bacteria alter the antibiotic action via several mechanisms which can be divided
into three groups: (i) enzymatic destruction or modification of the antibiotic, (ii)
prevention of access to target, or (iii) replacement or modification of the antibiotic
target.

2.2.1. Enzymatic destruction or modification of the antibiotic

Antibiotics can be destroyed through hydrolyzation by enzymes (Kapoor et al.,
2017). One of the most common mechanisms of antibiotic resistance is the
hydrolyzation of f-lactam antibiotics, e.g. penicillins, cephalosporins,
monobactams and carbapenems by the enzymes p-lactamases (Bush and
Mobashery, 1998; Blair et al., 2015). The B-lactamases hydrolyzes esters and amide
bonds of the B-lactam ring thereby destroying the antibacterial activity. Shortly after
penicillin became widely available, infections caused by a [-lactamase
(penicillinase) producing bacteria, Staphylococcus aureus, became clinically
relevant (Munita and Arias, 2016). In order to overcome the problem, improved -
lactam compounds were manufactured (e.g. ampicillin) with less susceptibility to
penicillinase and with a wider spectrum of activity. However, with time, bacteria
have become capable to hydrolyze the improved antibiotic. To date, more than
1,000 B-lactamases in a wide range of different bacteria are known to exist (Munita
and Arias, 2016).

Enzymes that modify the antibiotic structure through chemical changes thus
preventing it from binding to the target site, is another mechanism of acquired AR
in both gram-positive and gram-negative bacteria (Blair et al., 2015). Antibiotics
belonging to the group of aminoglycosides are large molecules with many exposed
amide and hydroxyl groups. Aminoglycoside modifying enzymes target and
modify the amide and hydroxyl groups, creating a steric hindrance that decrease the
avidity of the antibiotic for its target (Munita and Arias, 2016).
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2.2.2. Prevention of access to target

For the antibiotic to be able to reach its intracellular target and exert its
antimicrobial effect in the gram-positive bacteria the cytoplasmic membrane needs
to be penetrated (Blair et al., 2015; Munita and Arias, 2016). In the case of gram-
negative bacteria, the antibiotics need to penetrate both the outer membrane and the
inner, cytoplasmic membrane in order to reach its target. Hydrophilic antibiotics,
e.g. B-lactams and tetracyclines, can diffuse through the gram-negative outer
membrane by the water-filled diffusion channel protein called porins. Therefore,
limiting the permeability and influx of antibiotics through the outer membrane
porins have become gram-negatives’ mechanism to prevent uptake of antibiotics.
This is achieved by replacement of porins with more selective channels able to
prevent access to certain antibiotics or by decrease the number of porins in the
membrane (Kapoor et al., 2017; Blair et al., 2015). Bacteria with well-known porin
meditated antibiotic resistance include Pseudomonas aeruginosa and Escherichia
coli (Blair et al., 2015).

A second prevention of access to target in bacteria is by the active export of
antibiotics out of the cell (Walsh, 2003). The export is controlled by the
transmembrane proteins called efflux pumps. The efflux pumps are found in the
cytoplasmic membrane of the bacteria and also in the outer membrane of the gram-
negative bacteria and are used physiologically to pump out foreign toxic substrates
and export of specific metabolites. There are various classes of efflux pumps in
both gram-negative and gram-positive bacteria. The pumps may be substrate
specific thus providing narrow specificity antibiotic resistance or have broad
tolerance for a variety of structurally dissimilar compounds thus being associated
with multidrug resistance (Webber and Piddock, 2003; Piddock, 2006).

The porin channels of the outer membrane in collaboration with efflux pumps
give the gram-negative bacteria a selective advantage over their gram-positive
counterparts in environments where antibiotics may be present thus making it more
difficult to find antibiotics that target gram-negative bacteria (Tamber and
Hancock, 2003; Imai et al., 2019).

2.2.3. Replacement or modification of the antibiotic target

Antibiotics bind to a target site on the bacteria thus preventing its normal activity
(Walsh, 2003). The ability of modifying the antibiotics target site is a strategy that
the pathogenic bacteria have to develop to avoid the action of the antibiotics. This
can be achieved by complete replacement of the target site with evolving of new
targets that express decreased sensitivity to the antibiotics but still accomplish
similar biochemical functions of the native target (Munita and Arias, 2016). Gram-
positive bacteria strains of Staphylococcus aureus and Streptococcus pneumoniae
have developed resistance to B-lactam antibiotics using such strategy. Further
strategies for target change involve chromosomal mutation in the genes encoding
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the target site resulting in decreased affinity of the antibiotic to its target. Also, a
modification of the target by addition of a chemical group on the target site can
inhibit the binding of antibiotics.

2.2.4. Horizontal gene transfer

Horizontal gene transfer (HGT) is a mode of transfer of resistance frequently
responsible for the development of ARB through which bacteria pass on their
antibiotic resistant genes to susceptible non- resistant bacteria (MicroDok, 2018).
Horizontally acquired genes can be exchanged through three main mechanism: (i)
transformation, (ii) transduction, and (iii) conjugation (Thomas and Nielsen, 2005).

Transformation

DNA enters the surrounding environment upon release from bacterial cells that are
disrupted or decomposed (Thomas and Nielsen, 2005). DNA can also be released
from a living growing cell. The free genetic material is taken up by a bacterium and
integrated into the recipient’s cytoplasm (Holmes and Jobling, 1996). The
incorporated DNA can benefit the bacterial cell with advantageous genes such as
antibiotic resistant ones (MicroDok, 2018).

Transduction

Genes from a host bacterium are incorporated into a genome of a bacterial virus
(bacteriophage) and the genetic material is further transferred to another bacteria
(Griffiths et al., 2000). The genetic process of the recipient bacteria is taken over
by the phage in order to produce more phages. Bacterial DNA that might contain
antibiotic resistant genes may inadvertently be incorporated into the new phages.
Upon cell lyses, the new phages bind to other bacteria and injects the antibiotic
resistant genes into the cytoplasm where they further integrate into host
chromosome (MicroDok, 2018).

Conjugation

Conjugation is the form of gene transfer that is mediated by direct contact between
the donor and recipient bacteria through cell-to-cell junctions and pores (Thomas
and Nielsen, 2005; Griffiths et al., 2000). The donor bacteria transfer one strand of
plasmid DNA through the pore into the recipient bacteria where each single strand
becomes double stranded again and integrates into the resident chromosome by
recombination. The plasmids act as vehicles to share genetic information (Munita
and Arias, 2016). Transposable elements are other important vehicles that can carry
resistant genes and move within the genome and insert themselves into the host
plasmids (Ferri et al., 2017). Further, integrons are elements that have site-specific
integration systems capable of recruiting open reading frames in form of mobile
gene cassettes thus enabling themselves to add new genes into the host
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chromosome. These processes enable susceptible bacteria to acquire antibiotic
resistant genes.

2.3. Antibiotics in livestock and food

Antibiotics were introduced in veterinary medicine in the 1950s. Today, they are
mainly used to treat clinical cases, to control and prevent common diseases and as
growth promoters (Marshall and Levy, 2011; Ozdikmenli Tepeli and Demirel
Zorba, 2018)

Earlier studies (Gupta et al., 2004; Normanno et al., 2007; Alexander et al., 2010,
Ozdikmenli Tepeli and Demirel Zorba, 2018) have demonstrated that consumers
are exposed to ARB via food of animal origin e.g. beef, chicken and dairy products.
The increasing antibiotic resistance in humans are linked with the therapeutic and
nontherapeutic antibiotic use in livestock (Ferri et al., 2017). Transfer of ARB and
resistant genes from farm to consumer via foods is quantitatively the most important
mode of transmission (van den Bogaard and Stobberingh, 2000). Some bacteria
found in food, expressing antibiotic resistance, have also been identified in humans
(Marshall and Levy, 2011)

The most common reason for the use of antibiotics in dairy cows is
intramammary infection (mastitis) (Pyoréld, 2009). Approximately 9 out of 100
cows in Sweden are treated for mastitis per year which is a reduction compared to
2001 with almost 50% (Véxa 2019). The B-lactams are the most frequently used
antibiotics within veterinary medicine in Sweden (Gustavsson, 2003). Milk from
lactating cows treated with antibiotics are withdrawn during the statutory
withdrawal period in order to let the antibiotic residues in the milk decrease below
the maximum residue limit (Duse et al., 2013). The milk is not allowed to be
delivered to the dairy during the withdrawal period (Gustavsson, 2003). However,
if the farmer, deliberately or by accident, is not conforming to the withdrawal period
and milk from dairy cows treated with antibiotics is deliverd to the dairy, it may
increase the risk of development om ARB (Ndahetuye, 2019). Insufficient
knowledge about the withdrawal periods is one of the most common causes of
occurrence of antibiotic residues in milk in Sweden (Gustavsson, 2003).
Insufficient identification of treated cows and failures due to hired staff are two
other common causes. Further, milk and dairy products can also be contaminated
by ARB through the production stages of the dairy product (Ozdikmenli Tepeli and
Demirel Zorba, 2018). Antibiotic residues in milk can also inhibit or impair the
growth of starter cultures in dairy products such as cheese and yoghurt and thus
cause a decrease in food quality and security (Brady and Katz, 1988; Ndahetuye,
2019). Therefore, rapid milk screening assays for detection of antibiotic residues
are performed by dairy processors (Gustavsson, 2003). In Sweden, the Swedish
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Food Agency requires that dairy cooperatives test milk from their farmers on
regular basis to detect antibiotic residues (Livsmedelsverket, 2021).

2.4. Methods for determination of antibiotic resistant
bacteria

EFSA and WHO have issued recommendations for laboratory testing for antibiotic
resistant genes (Ozdikmenli Tepeli and Demirel Zorba, 2018). The European
Committee on Antimicrobial Susceptibility Testing (EUCAST) and the Clinical
and Laboratory Standards Institute (CLSI) describe the disk diffusion method.
Microdilution assay and E-test are also some of the most common assays to
determine antibiotic susceptibility among bacteria.

2.4.1. Kirby- Bauer disk diffusion method

A standardized procedure for the disk diffusion method was conducted in the
1960s by W.M.M Kirby and his colleague A.W. Bauer (Hudzicki, 2009). The
Kirby-Bauer disk diffusion susceptibility test method determines the resistance or
susceptibility of aerobic and facultative anaerobic bacteria to various antibiotics.
Bacteria is grown on agar in the presence of antibiotic impregnated filter paper disks
with a known concentration of the chosen compound (Biemer, 1973). The size of
the zone of inhibition of growth around the disk is an indirect measure of the ability
of that antibiotic to inhibit a certain type of bacteria (Hudzicki, 2009). Each
antibiotic has a unique breakpoint zone indicating susceptibility to that antibiotic.
The breakpoint zone diameter around the antibiotic disk observed from the
analyzed bacteria is compared to the unique breakpoint zone to determine the
susceptibility.

2.4.2. MALDI-TOF MS

Matrix-assisted laser desorption/ionization- time of flight mass spectrometry
(MALDI-TOF MS) is a tool for microbial identification and diagnosis (Singhal et
al., 2015). Maldi was introduced by Franz Hillenkamp and Michael Karas in the
1980s as a tool for analysis of large biomolecules (Jurinke et al., 2004). The sample
for analysis is embedded with an organic compound called matrix. The sample and
the matrix crystallize on drying and are irradiated with a laser beam causing
desorption and ionization generating singly protonated ions. The ions mass-to-
charge (m/z) ratios are calculated by measuring their time of flight required for the
ions to travel the length of the flight tube and reach the detector (Singhal et al.,
2015). Smaller ions will be traveling faster than larger ions (Croxatto et al., 2012).
This creates a mass spectrum that is characterized by both the m/z and the number
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of ions of a particular m/z that struck the detector. The mass spectra are analyzed
and compared with stored profiles for species determination (Sandrin et al., 2013).
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3. Experimental procedure

3.1. Products

This study included samples based on bovine milk products from a known dairy
brand (Arla) available on the Swedish market. The products chosen were
pasteurized milk (3% fat), fermented milk (unflavored yoghurt), fresh cheese
(unflavored Keso) and ripened hard cheese (Herrgdrdsost, 28% fat). All products
were purchased from a local ICA store (ICA Maxi, Uppsala). Unpasteurized whole
milk originating from a livestock farm in S6rmland, Sweden, was also included as
a sample in this study. All samples were kept under refrigeration (4°C) until
analyzes. Unpasteurized milk was used within two days from collection while the
purchased samples were used until the expiring date of the product.

3.2. Antibiotics

In this study, nine antibiotics were chosen (Table 1) from seven classifications. The
mechanism of action of the antibiotics were inhibition of cell wall biosynthesis and
inhibition of protein biosynthesis. The antibiotic disks were obtained from Thermo
Scientific Oxoid (Oxoid Ltd, Basingstoke, England) and stored in sealed cartridges
at -20°C until use. In order to prevent condensation that could lead to rapid
deterioration of some agents, the cartridges containing the antibiotic disks were
temperate at room temperature (~22°C) before use.

Table 1. Antibiotics used in the study

Antibiotic Abbreviation Disc content (ng) Classification
Ampicillin! AMP 10 Beta-lactam penicillin
Chloramphenicol? C 30 Amphenicol
Gentamicin® CN 10 Aminoglycoside
Kanamycin? K 30 Aminoglycoside
Streptomycin? S 10 Aminoglycoside
Erythromycin? E 15 Macrolide
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Tetracycline? TE 30 Tetracycline
Vancomycin! VA 30 Glycopeptide

Clindamycin? DA 2 Lincosamide

I Inhibitors of cell wall biosynthesis (Compound Interest, 2014)
2. Inhibitors of protein biosynthesis (Compound Interest, 2014)

3.3. Material and methods

To investigate possible content of ARB in Swedish dairy products and raw milk the
study was divided into three major steps: 1) Culturing and isolation of bacteria 2)
antibiotic susceptibility test using disk diffusion methodology and 3) taxonomic
identification by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS).

Culturing was performed to isolate bacteria from the dairy product samples. The
disk diffusion methodology was performed to determine susceptibility of the
isolated bacteria towards the antibiotic whilst MALDI-TOF MS was performed in
order to identify the taxonomy of the bacteria.

Equipment and facilities for this study were provided by Swedish University of
Agricultural Sciences (SLU, Uppsala).

3.4. Culturing and isolation of bacteria

3.4.1. Media

Cultivation on agar plate was performed for all the dairy products using four
different agar media. All the agar plates were prepared according to the
manufacturer’s instructions and stored at 4°C until usage.

De Man, Rogosa and Sharpe (MRS) agar stimulates growth of Lactobacillus.
However, MRS agar also stimulates growth of other lactic acid bacteria species of
the genera Streptococcus, Pediococcus, Leuconostoc and Lactococci (Sigma-
Aldrich! MRS 2020; Oxoid! - Product Detail MRS, 2020). The MRS agar plates
used for fresh cheese and fermented milk were incubated anaerobically at 42°C for
growth of thermophilic LAB whilst MRS agar plates for ripened hard cheese,
unpasteurized and pasteurized milk were incubated anaerobically at 30°C for
growth of mesophilic LAB. All MRS agar plates were incubated for approximately
48 hours.

M17 agar with 10% lactose solution (w/v) stimulates growth of Streptococcus,
but less extensive Lactobacillus in yoghurt and other dairy products (Oxoid? -
Product Detail M17, 2020; Difco and BBL 2003). M17 agar plates were incubated
aerobically at 30°C for approximately 48 hours. The M 17 agar plates were not used
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for ripened hard cheese samples due to low survival rate of Streptococcus after the
ripening process (Yale and Marquardt, 1940).

Mannitol Salt Phenol Red agar (MSPR) mainly stimulates the growth of
Staphylococcus and is recommended for the detection of these bacteria in milk and
food (Oxoid? - Product Detail, MSPR 2020). The MSPR agar plates were incubated
aerobically at 37°C for approximately 24 hours.

Finally, Violet Red Bile Dextrose agar (VRBD) were used for detection of
coliforms. Coliform bacteria are commonly used as an indicator organism for
unsanitary conditions in pasteurized dairy products (Martin et al., 2016). The
VRBD agar plates were incubated aerobically at 37°C for approximately 24 hours.

Agar for MRS and VRBD was obtained from Merck KGaA (Merck KGaA,
Darmstadt, Germany) whilst M17 and MSPR agar were obtained from Sigma-
Aldrich (Sigma-Aldrich, Co., St Louise, MO, USA).

3.4.2. Preparation of buffer solution

Peptone water buffer containing 10 g peptone (Oxoid Ltd, Basingstoke, Hampshire,
England) and 5 g sodium chloride dissolved in 1 L distilled water was prepared.
Saline solution buffer containing 9 g sodium chloride was dissolved in 1 L distilled
water. The buffers were sterilized by autoclaving at 125°C for 15 minutes. Also, a
glycerol stock containing 100 mL 99,5% bi-distilled glycerol and 100 mL distilled
water was prepared and autoclaved at 125°C for 15 minutes. All chemicals and
equipment, if not indicated differently, were obtained from VWR Chemicals (VWR
International, Leuven, Belgium).

3.4.3. Isolation of bacteria

Both ripened hard cheese and fresh cheese samples were added to 0.1% peptone
water (w/v) buffer at the ratio of 1:10 (w/v) and homogenized in a stomacher
(Seward Stomacher, 400-circulator, England) at 230 rpm for 2 minutes.
Unpasteurized-, pasteurized- and fermented milk samples were added to saline
solution buffer at the ratio of 1:10 (w/v). From the homogenized samples 1 mL of
aliquot was used for a dilution series. Serial dilutions were made from all five dairy
product samples with a dilution factor of 10-fold, until 1073,

The experiment was performed using two different plate methods, track dilution
and traditional plate method. Both methods were performed on M17, MRS, MSPR
and VRBD plates for all five dairy product samples, respectively, with an exception
for M17 that was not used for ripened hard cheese.

Track dilution was performed from the dilution series following the method from
Jett et al. (1997). For each 10-fold dilution 10 pL was added onto one agar plate.
The agar plate was tipped onto its side (at a 45°-90° angle) to allow the aliquot to
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migrate in parallel tracks across the agar surface to the opposite side of the agar
plate. Each dilution was analyzed in triplicates.

In case where colony yield from track dilution was low, traditional plate method
was performed using 100 pL non- diluted sample taken directly from the product
package of pasteurized milk, fermented milk and unpasteurized milk respectively.
For the ripened hard cheese and fresh cheese 100 pL were taken from the
homogenized mixture. Samples were added onto the agar and spread over the
surface using a sterile L-shaped spreader. Each dairy product sample was analyzed
in triplicates. Incubation temperature and time were adjusted according to the
isolated targeted bacteria.

After the incubation period, single colony of isolated bacteria was inoculated
onto new agar plates by using quartered plate area and streaking technique in order
to obtain pure culture. Agar plates were incubated as previously stated. After the
incubation period the purification step was repeated once more.

Further, a single colony of each isolated bacteria was spread on quartered plate
area and incubated for cultivation. After cultivation, all colonies of each isolated
bacteria were transferred to a screw top micro tube (2 mL) with 1 mL of 50%
glycerol, vortexed, and stored in a freezer at -80°C until further analysis.

The purification step was performed on all growth media agar plates with
samples from each dairy product respectively. Growth media that showed no
bacteria growth after purification step were not used further in the study.

3.5. Antimicrobial susceptibility test

The antimicrobial susceptibility test (AST) was performed following the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) disk diffusion
method protocol, version 8.0, 2020 (EUCAST 2020).

3.5.1. Media

Mueller Hinton (MH) agar was prepared according to the manufacture’s (Sigma-
Aldrich, Co., St Louise, MO, USA) instructions and stored at 4°C until usage. MH
agar is a non-selective, non-differential medium that is commonly used for
susceptibility testing of pathogens (Sigma-Aldrich? 2021, Mueller-Hinton Agar
2021; Aryal 2020). The MH agar plates were incubated aerobically at 30°C for
approximately 24 hours. MRS, M17 and VRBD were also used as cultivating
growth media for the AST and incubated according to the time and temperature
previously stated.

27



3.5.2. Preparation of turbidity standard

In order to perform AST using EUCAST disk diffusion method, a cell suspension
of organism’s equivalent to a 0.5 McFarland turbidity standard was prepared. A 0.5
McFarland turbidity standard provides an optical density corresponding to the
density of a bacterial suspension of approximately 1.5x 10® colony forming units
(CFU/mL) (EUCAST, 2020).

The 0.5 McFarland turbidity standard consisted of 0.5 mL of 0.048 mol/L barium
chloride and 99.5 mL of 0.18 mol/L sulfuric acid, prepared according to the
protocol of EUCAST 2020 and stored dark at room temperature (25°C) until usage.
Chemicals were obtained from Merck KGaA (Darmstadt, Germany).

3.5.3. Disk diffusion method

Bacteria from the stock stored at -80°C was inoculated onto new agar plates for re-
cultivation. Agar plates for re-cultivation corresponded to the growth media once
used for cultivation. Bacteria were also inoculated onto MH agar plates. Agar plates
were incubated after inoculation. The following steps were performed for all stored
isolated bacteria.

After incubation, the re-cultivated bacteria were inoculated into a sterilized test
tube with 1 mL saline solution. The suspension of the bacterial cells was made to
the density of a 0.5 McFarland turbidity standard. By holding the test tube
suspension of bacterial cells next to the beaker of 0.5 McFarland turbidity standard
in front of a light, the density of the suspension was determined by visual reading.
Additional saline solution was added to dilute the suspension when the density was
too high whilst additional bacteria were inoculated into the suspension when the
density was insufficient.

Upon correct density, the suspension of the bacterial cells was spread onto six
new agar plates for cultivation by using a sterile cotton swab on a wooden
applicator. The inoculum was evenly spread over the entire surface of the agar by
swabbing in three directions, ensuring no gaps between the streaks.

Further, onto each inoculated agar plate three different antibiotic disks were
firmly applied to the surface of the agar. All nine antibiotics were analyzed in
duplicates. Agar plates were then carefully inverted to ensure that antibiotic disks
were not falling off the agar surface. All agar plates were incubated within 15
minutes of disk application.

After incubation, the susceptibility of the bacteria toward the antibiotics was
determined through measurement of the diameters of the inhibition zone to the
nearest whole millimeter using a ruler. The zone edges were read as the point
showing no growth viewed from the back of the agar plate.
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3.6. MALDI-TOF MS

The isolated antibiotic resistant bacteria were taxonomically identified using
MALDI-TOF MS (MALDI Biotyper, Micoflex, Bruker Daltonik GmbH) with
direct transfer-formic acid method.

A fresh cultivation of bacteria was performed from stock bacteria at -80°C added
onto new agar plates and incubated. After incubation, a single colony of freshly
cultured colonies was picked using a toothpick and smeared onto a spot on a Maldi
target plate (MTP). Onto the surface where the bacterial colony was smeared, 1uL
of 70% formic acid was added and allowed to air dry. Further, a matrix of 1uL of
saturated a-cyano-4-hydroxycinnamic acid (HCCA) mixed in 50% acetonitrile-
2.5% trifluoroacetic acid was added onto the surface and air dried at room
temperature (20-25°C). The MTP was loaded to the port of MALDI-TOF MS and
the bacterial identification analysis was performed. In total, 48 bacteria could be
identified by using MALDI-TOF MS. Each identified bacterium was given an
isolate identification number (isolate-id) based on the product and growth media
used for the isolation. Bacteria identified from unpasteurized milk were given
isolate-id B1-6, C1-6 and D1-6, fresh cheese E1-6, ripened hard cheese F1-6,
pasteurized milk G1-6 and fermented milk H1-6 and 11-6.

3.6.1. Data processing

Antimicrobial susceptibility testing breakpoint tables for zone diameter (ZD) were
collected from literature (Table 2). All identified bacteria were classified according
to the measured ZD and the corresponding susceptibility breakpoint. However, for
bacteria species where insufficient or no susceptibility breakpoint data could be
found from the literature, ZD susceptibility breakpoints data were used from
bacteria within the same genus classification.

Table 2. Sources for antimicrobial susceptibility testing breakpoint tables for zone diameters

Bernal-Rosas et al., 2015
Charteris et al., 1998
Eady et al., 2000
EUCAST 2021

OXOID 2013
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4. Results

The antibiotics were analyzed in duplicates and the ZD were measured (see
Appendix 2). Average ZD were calculated in millimeter (mm) and compared with
ZD from susceptibility breakpoint tables. The results were expressed according to
the clinical categories susceptible (S) intermediate (I) and resistant (R). Bacteria
that express susceptibility are inhibited by the concentration of the antibiotic. The
antibiotic is associated with a high likelihood of therapeutic success upon a
susceptible result (EUCAST 2021). Intermediate bacteria are inhibited by the
concentration of the antibiotic. However, the antibiotic is associated with uncertain
therapeutic effect upon an intermediate result. Resistant bacteria are not, or partly,
inhibited by the concentration of the antibiotic. The antibiotic is associated with
high likelihood of therapeutic failure upon a resistant result. For antibiotics and
bacteria where no susceptibility breakpoint tables data for ZD were available, the
results were expressed as no data available (N/A).

From the 48 bacteria analyzed with MALDI-TOF MS 14 bacteria species were
identified (Table 3). The number of times a bacteria species was isolated differ
depending on the product and growth media.

Table 3. Identified bacteria by MALDI-TOF MS from the unpasteurized milk and dairy products

Taxonomy Unpasteurized Pasteurized Fresh  Ripened hard Fermented
milk milk cheese cheese milk

Bacillus licheniformis n=1

Kocuria varians n=>5

Lactobacillus paracasei n=2 n=6

Lactobacillus delbrueckii n=5

Micrococcus luteus n=1

Pediococcus pentosaceus n=4

Pseudomonas brenneri n=6

Pseudomonas fulva n=6 n=1

Raoultella ornithinolytica n=>5

Raoultella planticola n=1

Raoultella terrigena n=1

Staphylococcus hominis n=1 n=1

Stenotrophomonas maltophilia n=1

Streptococcus salivarius n=1

Number of bacteria isolated in the product (n)
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4.1. Unpasteurized milk

The bacteria present in unpasteurized milk is displayed in Table 4. In total, five
bacteria species (Raoultella ornithinolytica, Stenotrophomonas maltophilia,
Pseudomonas fulva, Pediococcus pentosaceus, Lactobacillus paracasei) were
identified. Bacteria with isolate-id B1-6 were isolated on VRBD agar plate and re-
cultivated on MH agar with antibiotic disks. Bacteria with isolate-id C1-6 were
isolated on M 17 agar plate and re-cultivated on MH agar plate with antibiotic disks.
The MRS agar plate was used for both isolation of bacteria and re-cultivation with
antibiotic disks for bacteria with isolate-id D1-6.

4.1.1. Raoultella ornithinolytica

Full susceptibility ZD breakpoint tables data were available for Raoultella
ornithinolytica (R. ornithinolytica) and the antibiotics. R. ornithinolytica expressed
resistance towards five antibiotics, ampicillin (AMP), erythromycin (E),
streptomycin (S), vancomycin (VA), clindamycin (DA) and susceptibility for four
antibiotics, chloramphenicol (C), gentamicin (CN), kanamycin (K), tetracycline
(TE). R. ornithinolytica indicated resistance towards two antibiotic mechanisms of
action: inhibition of cell wall biosynthesis and inhibition of protein biosynthesis.

4.1.2. Stenotrophomonas maltophilia

There were no susceptibility ZD breakpoint tables data available for
Stenotrophomonas maltophilia (S. maltophilia), bacteria from the same genus, or
the antibiotics. However, S. maltophilia expressed full resistance towards three
antibiotics (E, VA, DA). S. maltophilia indicated resistance towards two antibiotic
mechanisms of action: inhibition of cell wall biosynthesis and inhibition of protein
biosynthesis.

4.1.3. Pseudomonas fulva

Specified susceptibility ZD breakpoint tables data were not available for
Pseudomonas fulva (P. fulva). The breakpoint data were instead collected for
Pseudomonas aeruginosa (P. aeruginosa), a bacterium from the same genus. Two
of the antibiotics (K, S) had no available ZD breakpoint data. P. fulva expressed
resistance towards four antibiotics (AMP, E, VA, DA), intermediate for one
antibiotic (C) and susceptibility towards two antibiotics (CN, TE). P. fulva
indicated resistance towards two antibiotic mechanisms of action: inhibition of cell
wall biosynthesis and inhibition of protein biosynthesis.
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4.1.4. Pediococcus pentosaceus

Full susceptibility ZD breakpoint tables data were available for Pediococcus
pentosaceus (P. pentosaceus) and the antibiotics. P. pentosaceus expressed
resistance towards four antibiotics (CN, K, S, VA) and susceptibility towards five
antibiotics (AMP, C, E, TE, DA). P. pentosaceus indicated resistance towards two
antibiotic mechanisms of action: inhibition of cell wall biosynthesis and inhibition
of protein biosynthesis.

4.1.5. Lactobacillus paracasei

Full susceptibility ZD breakpoint tables data were available for Lactobacillus
paracasei (L. paracasei) and the antibiotics. L. paracasei expressed resistance
towards four antibiotics (CN, K, S, VA), intermediate towards one antibiotic (TE)
and susceptibility towards four antibiotics (AMP, C, E, DA). L. paracasei indicated
resistance towards two antibiotic mechanisms of action: inhibition of cell wall
biosynthesis and inhibition of protein biosynthesis.

Table 4. Antibiotic susceptibility for R. ornithinolytica (n=35), S. maltophilia (n=1), P. fulva (n=6),
P. pentosaceus (n=4) and L. paracasei (n=2) isolated in unpasteurized milk

Isolate ID Taxonomy AMP C CN E K S TE VA DA
ZD|R//S ZD|R/N/S ZD|RNS ZD|RN/S ZD|RI/S ZD|R/IS ZD|RNS ZD|RNS ZD|R/I/S
Bl R. ornithinolytica I1|R 261S 18]S 0|R 201S I1|R 2518 0|R 0|R
B2 R. ornithinolytica 10| R 258 18]S 0|R 20|S 178 258 0|R 0|R
B3 S. maltophilia 12 |N/A 26 |N/A 19 |N/A 0|R 21 |N/A 17 |N/A 26 |N/A 0|R 0|R
B4 R. ornithinolytica I1|R 2518 20(S 0|R 2118 18]S 261S 0|R 0|R
BS R. ornithinolytica 10| R 2618 1918 0|R 2118 18]S 258 0|R 0[R
B6 R. ornithinolytica 11|R 2718 208 0|R 2218 18]S 258 0|R 0[R
Cl P. fulva 0|R 141 1918 0|R 25|N/A  13|N/A  25]S 0|R 0[R
2 P. fulva 0|R 141 208 0|R 25|NJA  12|N/A 25]S 0|R 0[R
C3 P. fulva 0|R 131 20(S 0|R 24 |N/A 13 |N/A 261S 0|R 0|R
c4 P. fulva 0|R 141 20(S 0|R 25 |N/A 12 |N/A 2518 0|R 0|R
C5 P. fulva 0|R 141 20(S 0|R 25 |N/A 13 |N/A 2518 0|R 0|R
Co6 P. fulva 0|R 131 20(S 0|R 25 |N/A 12 |N/A 2518 0|R 0|R
DI P. pentosaceus 338 35S 0[R 35S 0|R 0[R 4018 0|R 268
D2 P. pentosaceus 208 2818 0[R 258 0|R 0[R 19]S 0|R 2618
D3 P. pentosaceus 258 348 0[R 348 0|R 0[R 298 0|R 2818
D4 L. paracasei 208 258 0[R 258 0|R 0[R 181 0|R 268
D5 L. paracasei 23S 26 |S 0|R 26 |S 0|R 0|R 171 0|R 26 |S
D6 P. pentosaceus 20(S 258 0|R 258 0|R 0|R 20|S 0|R 26 |S

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA), Zone diameter (mm) (ZD), Resistant
(R), Intermediate (I), Susceptible (S), No data available (N/A)
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4.2. Fresh cheese

The bacteria present in fresh cheese are displayed in Table 5. A single bacteria
species (Pseudomonas brenneri) was identified. Bacteria with isolate-id E1-6 were
isolated on M 17 agar plate and re-cultivated on MH agar plate with antibiotic disks.

4.2.1. Pseudomonas brenneri

Specified susceptibility ZD breakpoint tables data were not available for
Pseudomonas brenneri (P. brenneri). The ZD breakpoint data were collected from
P. aeruginosa, a bacterium from the same genus. Two of the antibiotics (K, S) had
no available ZD breakpoint data. P. brenneri expressed resistance towards five
antibiotics (AMP, C, E, VA, DA) and susceptibility towards two antibiotics (CN,
TE). P. brenneri indicated resistance towards two antibiotic mechanisms of action:
inhibition of cell wall biosynthesis and inhibition of protein biosynthesis.

Table 5. Antibiotic susceptibility for P. brenneri (n=6) isolated in fresh cheese

Isolate ID Taxonomy AMP C CN E K S TE VA DA
ZD|R//S ZD|R/N/S ZD|RW/S ZD|R//S ZD|R/N/S ZD|R/W/S ZD|RNS ZD|R//S ZD|R/S
El P. Brenneri 0|R 10|R 23S 0|R 22|N/A 15|N/A 33|S 0|R 0|R
E2 P. Brenneri 0|R 8|R 248 0|R 29|N/A  16|N/A  34]|S 0|R 0|R
E3 P. Brenneri 0|R 7R 238 0|R 28 |N/A  17|N/A 32]S 0|R 0|R
E4 P. Brenneri 0|R 8|R 208 0|R 29 N/A 18 |N/A  31]S 0|R 0|R
ES P. Brenneri 0|R 9|R 218 0|R 24|IN/A 15|N/A  37]|S 0|R 0|R
E6 P. Brenneri 0|R 8|R 2418 0|R 29|N/A 17|N/A 32]S 0|R 0|R

Abbreviations.: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA), Zone diameter (mm) (ZD), Resistant
(R), Intermediate (I), Susceptible (S), No data available (N/A)

4.3. Ripened hard cheese

The bacteria present in ripened hard cheese is displayed in Table 6. A single bacteria
species (Lactobacillus paracasei) was identified. The MRS agar plate was used for
both isolation of bacteria and re-cultivation with antibiotic disks for bacteria with
isolate-id F1-6.

4.3.1. Lactobacillus paracasei

Full susceptibility ZD breakpoint tables data were available for Lactobacillus
paracasei (L. paracasei) and the antibiotics. L. paracasei expressed resistance
towards four antibiotics (CN, K, S, VA) and susceptibility towards five antibiotics
(AMP, C, E, TE, DA). L. paracasei indicated resistance towards two antibiotic
mechanisms of action: inhibition of cell wall biosynthesis and inhibition of protein
biosynthesis.
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Table 6. Antibiotic susceptibility for L. paracasei (n=6) isolated in ripened hard cheese

Isolate ID  Taxonomy AMP C CN E K S TE VA DA
ZD|R//S ZD|R//S ZD|RWS ZD|R//S ZD|RIS ZD|RWS ZD|R/S ZD|R/IS ZD|R/IS
F1 L. Paracasei 338 37(S 0R 35(S 0R 0[R 368 0[R 28]S
2 L. Paracasei  30|S 318 0|R 3418 0|R 0|R 358 0|R 2818
F3 L. Paracasei  28|S 30]S 0|R 3218 0|R 0|R 358 0|R 268
F4 L. Paracasei ~ 26|S 2918 0|R 32|S 0|R 0|R 34(S 0|R 25(S
F5 L. Paracasei  31|S 33|S 0|R 3418 0|R 0|R 35S 0|R 258
F6 L. Paracasei  35|S 35]S 0|R 33]S 0|R 0|R 35]8 0|R 2418

Abbreviations.: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA), Zone diameter (mm) (ZD), Resistant
(R), Intermediate (I), Susceptible (S), No data available (N/A)

4 4. Pasteurized milk

The bacteria present in pasteurized milk is displayed in Table 7. Three bacteria
species (Bacillus licheniformis, Kocuria varians, Staphylococcus hominis) were
identified. Bacteria with isolate-id G1-6 were isolated on M17 agar plate and re-
cultivated on MH agar plate with antibiotic disks.

4.4 1. Bacillus licheniformis

The availability of susceptibility ZD breakpoint tables data for Bacillus
licheniformis (B. licheniformis), bacteria from the same genus and for the
antibiotics, was limited. However, B. licheniformis expressed susceptibility
towards three antibiotics (E, VA, DA). No additional ZD breakpoint data were
available for remaining antibiotics. B. licheniformis indicated no resistance.

4.4 2. Kocuria varians

There were no susceptibility ZD breakpoint tables data available for Kocuria
varians (K. varians), bacteria from the same genus or the antibiotics. However, two
isolated bacteria identified as K. varians (G5 and G6) expressed full resistance
towards one antibiotic (DA). K. varians indicated resistance towards one antibiotic
mechanism of action: inhibition of protein biosynthesis.

4.4.3. Staphylococcus hominis

The availability of susceptibility ZD breakpoint tables data for Staphylococcus
hominis (S. hominis), bacteria from the same genus and for the antibiotics was
limited. Two of the antibiotics (S, VA) had no available ZD breakpoint data. S.
hominis expressed resistance towards four antibiotics (AMP, CN, K, DA) and
susceptibility towards three antibiotics (C, E, TE). S. hominis indicated resistance
towards two antibiotic mechanism of action: inhibition of cell wall biosynthesis and
inhibition of protein biosynthesis.
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Table 7. Antibiotic susceptibility for S. hominis (n=1) and B. licheniformis (n=1) isolated in
pasteurized milk. No data available for K. varians (n=4)

Isolate ID  Taxonomy AMP C CN E K S TE VA DA
ZD|R//S ZD|RW/S ZD|R//S ZD|R//S ZD|R//S ZD|R/NS ZD|RW/S ZD|R//S ZD|R/S
Gl K. varians 61 |N/A 39 IN/A 23 |N/A 50 IN/A 19| N/A 22 |N/A 45| N/A 24 |N/A 40 | N/A
G2 K. varians 63 |N/A 39| N/A 22 |N/A 50 | N/A 21 |N/A 24 |N/A 47 |IN/A 25 |N/A 41 IN/A
G3 S. hominis 13|R 26 |8 20 |R 311]S 13|R 9| N/A 428 24 |IN/A 0|R
G4 B. licheniformis 65| N/A 42 |N/A 25| N/A 5218 18 |N/A 21 |N/A 47 |IN/A 248 428
G5 K. varians 15| N/A 31 N/A 20| N/A 30 IN/A 15| N/A 8 |N/A 41| N/A 22 |N/A 0|R
G6 K. varians 13| N/A 29 |N/A 18 |N/A 29 |N/A 14| N/A 8 |N/A 41| N/A 22 |N/A 0|R

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA), Zone diameter (mm) (ZD), Resistant
(R), Intermediate (I), Susceptible (S), No data available (N/A)

4.5. Fermented milk

The bacteria present in fermented milk is displayed in Table 8. In total seven
bacteria species (Streptococcus salivarius, Raoultella terrigena, Pseudomonas
fulva, Micrococcus luteus, Staphylococcus hominis, Raoultella planticola,
Lactobacillus delbrueckii) were identified. Bacteria with isolate-id H1-6 were
isolated on M 17 agar plate and re-cultivated on M 17 agar plate with antibiotic disks.
The MRS agar plate was used for both isolation of bacteria and re-cultivation with
antibiotic disks for bacteria with isolate-id 11-6.

4.5.1. Streptococcus salivarius

The availability of susceptibility ZD breakpoint tables data for Streptococcus
salivarius (S. salivarius), bacteria from the same genus and for the antibiotics was
limited. Four of the antibiotics (AMP, CN, K, S) had no available ZD breakpoint
data. S. salivarius expressed susceptibility towards five antibiotics (C, E, TE, VA,
DA). S. salivarius indicated no resistance.

4.5.2. Raoultella terrigena

The availability of susceptibility ZD breakpoint tables data for Raoultella terrigena
(R. terrigena), bacteria from the same genus and for the antibiotics was limited.
Three of the antibiotics (E, VA, DA,) had no available ZD breakpoint data. R.
terrigena expressed resistance towards three antibiotics (CN, K, S) and
susceptibility towards three antibiotics (AMP, C, TE,). R. terrigena indicated
resistance towards one antibiotic mechanism of action: inhibition of protein
biosynthesis.
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4.5.3. Pseudomonas fulva

Specified susceptibility ZD breakpoint tables data were not available for
Pseudomonas fulva (P. fulva). The breakpoint data were collected from P.
aeruginosa), a bacterium from the same genus. Three of the antibiotics (K, S, VA)
had no available ZD breakpoint data. P. fulva expressed resistance towards one
antibiotic (CN) and susceptibility towards five antibiotics (AMP, C, E, TE, DA). P.
fulva indicated resistance towards one antibiotic mechanism of action: inhibition of
protein biosynthesis.

4.5.4. Micrococcus luteus

There were no susceptibility ZD breakpoint tables data available for Micrococcus
luteus (M. luteus), bacteria from the same genus or the antibiotics.

4.5.5. Staphylococcus hominis

The availability of susceptibility ZD breakpoint tables data for Staphylococcus
hominis (S. hominis), bacteria from the same genus and for the antibiotics was
limited. Two of the antibiotics (S, VA) had no available ZD breakpoint data. S.
hominis expressed resistance towards two antibiotics (CN, K,) and susceptibility
towards five antibiotics (AMP, C, E, TE, DA). S. hominis indicated resistance
towards one antibiotic mechanism of action: inhibition of protein biosynthesis.

4.5.6. Raoultella planticola

The availability of susceptibility ZD breakpoint tables data for Raoultella
planticola (R. planticola), bacteria from the same genus and for the antibiotics was
limited. Three of the antibiotics (E, VA, DA) had no available ZD breakpoint data.
R. planticola expressed resistance towards three antibiotics (CN, K, S) and
susceptibility towards three antibiotics (AMP, C, TE,). R. planticola indicated
resistance towards one antibiotic mechanism of action: inhibition of protein
biosynthesis.

4.5.7. Lactobacillus delbrueckii

Full susceptibility ZD breakpoint tables data were available for Lactobacillus
delbrueckii (L. delbrueckii) and the antibiotics. However, one isolated bacterium
identified as L. delbrueckii (16) had insufficient amount of growth due to material
issues and was therefore not included in the results. L. delbrueckii expressed a
variation in susceptibility among the isolated bacteria. Two of the L. delbrueckii
isolates (I1, I3) expressed susceptibility towards all 9 antibiotics. However, L.
delbrueckii bacteria 12 and 14 expressed resistance towards three antibiotics (CN,
K, S) and susceptibility towards six antibiotics (AMP, C, E, TE, VA, DA). Finally,
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L. delbrueckii bacteria I5 expressed intermediate towards one antibiotic (K) and
susceptibility towards eight antibiotics (AMP, C, CN, E, S, TE, VA, DA). The L.
delbrueckii indicated resistance towards one antibiotic mechanism of action:
inhibition of protein biosynthesis.

Table 8. Antibiotic susceptibility for S. salavarius (n=1), R. terrigena (n=1), P. fulva (n=1), S.
hominis (n=1), R. planticola (n=1) and L. delbrueckii (n=>5) isolated in fermented milk. No data
available for M. luteus (n=1)

Isolate ID  Taxonomy AMP C CN E K S TE VA DA

ZD|R//S ZD|R//S ZD|R//S ZD|R//S ZD|R//S ZD|R/NS ZD|RW/S ZD|R/VS ZD|R/IS
H1 S. salivarius 42 |N/A 40]S 26 |N/A 43S 24|N/A 23 |N/A  44]S 2518 2518
H2 R. terrigena 508 40 S 15|R 47 |IN/A 9|R 12 |R 47|S 27|N/A 50| N/A
H3 P. fulva 40|S 3418 13|R 3818 10|N/A  12|N/A  40]S 24|N/A 25]S
H4 M. luteus S0|N/A  37|N/A 21 |N/A  46|N/A  11|N/A 11 |N/A 44|N/A 30|N/A 46 |NA
H5 S. hominis 428 36|S 15|R 428 10| R 11|N/A  40|S 26 |[N/A  45]S
Hé6 R. planticola 498 4418 16 |R 49|N/A 10|R 12|R 4818 29|N/A  S3|N/A
Il L. delbrueckii 601S 4118 1918 4518 23S 2518 4818 33|S 5018
12 L. delbrueckii 5418 45|8S 12 |R 448 11|R 10|R 44 |S 3518 44 |S
I3 L. delbrueckii 5518 4518 1918 428 228 228 4418 35|18 4218
14 L. delbrueckii 508 4218 12|R 4118 0|R 10| R 4118 33|S 4118
I L. delbrueckii 5318 40 S 178 418 171 178 40 S 308 401S
16 L. delbrueckii N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A |

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA), Zone diameter (mm) (ZD), Resistant
(R), Intermediate (I), Susceptible (S), No data available (N/A)

4.6. Antibiotic resistant bacteria

From the 14 identified bacteria species from the five milk and dairy samples 11
bacteria species expressed resistance towards at least one antibiotic (Table 9).
Bacteria species P. brenneri, P. fulva, and R. ornithinolytica expressed the highest
frequency of resistance towards a total of five antibiotics, respectively. Gentamicin
was the most common antibiotic to which bacteria expressed resistance. In total,
seven bacteria species expressed resistance towards this compound. Six bacteria
species expressed resistance towards streptomycin, kanamycin, vancomycin and
clindamycin respectively. Table 10 displays the frequency of resistance and number
of single bacteria species in the milk and each dairy product.

37



Table 9. Antibiotic resistance distribution among the identified bacteria towards the antibiotics

Taxonomy

AMP

C

CN

E

K

S

TE

VA

DA

B. licheniformis
K. varians

L. paracasei

L. delbrueckii
M. luteus

P. pentosaceus
P. brenneri

P. fulva

R. ornithinolytica
R. planticola

R. terrigena

S. hominis

S. maltophilia

S. salivarius

R

AR AR

R

R

R

N/A

O W kA W W L K N

Total2

4

1

7

4

6

6

0

6

6

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),

Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA), Resistant (R), No data available

(N/4)

! Total number of antibiotics the bacteria express resistance towards

2. Total number of bacteria that expressed resistance towards specific antibiotic

Table 10 Distribution of antibiotic resistant bacteria among the unpasteurized milk and dairy

products

Taxonomy

Unpasteurized

milk

Pasteurized

milk

Fresh
cheese

Ripened hard

cheese

Fermented

milk

Total !

Bacillus licheniformis
Kocuria varians
Lactobacillus paracasei
Lactobacillus delbrueckii
Micrococcus luteus
Pediococcus pentosaceus
Pseudomonas brenneri
Pseudomonas fulva
Raoultella ornithinolytica
Raoultella planticola
Raoultella terrigena

Staphylococcus hominis

Stenotrophomonas maltophilia

Streptococcus salivarius

R

— N = O

N/A

S = N = = = N = -

Total2

Abbreviations: Resistant (R), No data available (N/A),

! Total number of occasions bacteria occur as resistant in unpasteurized milk and/or dairy products

2. Total number of resistant bacteria species isolated in the unpasteurized milk or dairy product
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5. Discussion

From the results of this study, it can be concluded that ARB was detected in
unpasteurized milk and the four dairy products. As environmental and hygienic
conditions at the farms and dairy plants are unknown, it is not possible to determine
how these factors may have influenced the products ARB exposure and the ARB
growth. However, the unpasteurized and fermented milk indicated the largest
diversity of isolated ARB species. Five isolated species from each sample expressed
resistance (Table 10). Two ARB species were isolated from the pasteurized milk.
From fresh cheese and ripened hard cheese one antibiotic resistant bacteria specie
was isolated. Antibiotic resistant LAB was isolated in unpasteurized milk, ripened
hard cheese and fermented milk. No LAB was isolated from pasteurized milk and
fresh cheese. The LAB may not have survived the pasteurization of the milk used
for these products. No starter cultures used in the manufacturing may be a further
reason why no LAB was detected in fresh cheese. Ozdikmenli Tepeli and Demirel
Zorba (2018) stated that milk and dairy products are the most incriminated foods
acting as primary transmitters of ARB and antibiotic resistant genes to humans.
Taking that statement in consideration, the ARB findings from this study indicate
that the situation might be alarming. Especially since the antibiotics used in this
study belong to the most important antibiotic classes used in veterinary and human
medicine (Campedelli et al., 2019).

Gentamicin was the protein biosynthesis inhibiting antibiotic associated with the
highest diversity of bacteria species expressing resistance. Seven different bacteria
species expressed resistance towards gentamicin. Kanamycin, streptomycin and
clindamycin resistance was expressed by six bacteria species. Resistance towards
the cell wall biosynthesis inhibiting antibiotic vancomycin was expressed by six
bacteria species. Their resistance is in agreement with the literature where similar
findings of ARB and antibiotic residues have been discovered in foods (Perreten et
al., 1998; Kyriacou et al., 2008; Guo et al., 2017; Singla et al., 2018; Campedelli et
al., 2019). Further, no isolated bacteria species expressed resistance towards
tetracycline. This could be considered as a positive result since tetracycline is the
second most sold antibiotic group for humans and the fourth most sold for animals
in Sweden (Folkhédlsomyndigheten, 2020). However, tetracycline resistant bacteria
have been isolated from dairy products in earlier studies and resistance has been
observed in bacteria from the same genus as those bacteria isolated in this study
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(Hankin et al., 1979; Danielsen and Wind, 2003; Devirgiliis et al., 2013;
Ozdikmenli Tepeli and Demirel Zorba, 2018).

5.1. Unpasteurized milk

Unpasteurized milk is known to be able to carry harmful pathogenic bacteria (CDC,
2017) and in agreement with our study, ARB have earlier been discovered in
unpasteurized milk (Hankin et al., 1979; Toth et al., 2020). In our study, five ARB
species were identified.

R. ornithinolytica is a gram- negative bacterium that belongs to the family
Enterobacteriaceae (Hajjar et al., 2020). R. ornithinolytica cause mastitis among
livestock and have been detected as an ARB in cow and buffalo milk, showing
resistance towards antibiotics such as tetracycline and ampicillin (Abd Ali and
Alali, 2017). This is in agreement with our study where R. ornithinolytica expressed
resistance towards ampicillin. However, R. ornithinolytica have also been detected
in fish (Tominaga, 2018) and vegetables (Luo et al., 2017). In this study, R.
ornithinolytica was one of the isolated bacteria species that expressed resistance
towards the majority of the different antibiotics. R. ornithinolytica expressed
resistance towards two cell wall biosynthesis inhibiting antibiotics, ampicillin and
vancomycin, and three protein biosynthesis inhibiting antibiotics erythromycin,
streptomycin and clindamycin.

S. maltophilia is a gram- negative bacterium associated with human infections
(El-Prince et al., 2019). The bacteria have been documented in milk and dairy
products. S. maltophilia can be found in a variety of soil, plant and aquatic
environments and has been connected to outbreaks of clinical mastitis (Ohnishi et
al., 2012). Bovine mastitis S. maltophilia isolates have expressed resistance to many
classes of antibiotics including B-lactams, kanamycin and gentamicin. S.
maltophilia resistant towards chloramphenicol have also been detected in humans
(Cikman et al., 2016). The results from this study give that that S. maltophilia
expressed resistance towards the cell wall biosynthesis inhibiting antibiotic
vancomycin and two protein biosynthesis inhibiting antibiotics, i.e. erythromycin
and clindamycin. The ZD for the resistant bacteria was 0 mm thus indicating full
resistance towards vancomycin, erythromycin and clindamycin. For the other
antibiotics the ZD ranged between 12-26 mm (see Table 4). No ZD data were
available to determine if S. maltophilia was resistant to any other antibiotic.
EUCAST (2021) stated that the resistance of S. maltophilia is a major problem to
the antibiotic class of aminoglycosides. The results of this study did not indicate
such resistance, but instead the isolates were fully resistant towards the antibiotic
classes glycopeptides, macrolides and lincosamides.

P. fulva is a gram-negative bacterium that can cause human, animal and plant
diseases (Uchino et al., 2001; Ruiz-Roldan et al., 2020). Earlier detections of
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Pseudomonas spp. in unpasteurized milk were reported by Almeida et al. (2017).
Antibiotic resistance of Pseudomonas spp. among healthy animals has been
reported by Ruiz-Roldan et al (2020) and antibiotic resistant Pseudomonas spp.
isolates from water were observed by Vaz-Moreira et al. (2012). Meng et al. (2020)
reported discovery of antibiotic resistant Pseudomonas spp. from unpasteurized
milk. Their study showed that Pseudomonas spp. isolates were resistant to one of
the antibiotics used in this study, chloramphenicol. The results from this study
indicated that P. fulva expressed intermediate susceptibility towards
chloramphenicol. However, Quintieri et al. (2019) reported discoveries of
Pseudomonas spp. isolated from different dairy foods and their resistance towards
different classes of antibiotics. In their study, P. fulva isolated from bulk tank milk
was resistant to B-lactams and aminoglycosides antibiotics. In our study, no
specified ZD data were available for P. fulva. Instead, ZD data for P. aeruginosa
were used. P. aeruginosa is a bacterium from the same genus and its antibiotic
resistance is well characterized and widely reported (Vaz-Moreira et al., 2012). In
this study, P. fulva was one of the isolated bacteria species that expressed resistance
towards the greatest number of different antibiotics. P. fulva expressed resistance
towards the cell wall biosynthesis inhibiting antibiotics, ampicillin and vancomycin
and towards two protein biosynthesis inhibiting antibiotics, i.e. erythromycin and
clindamycin. However, it needs to be taken into consideration that ZD were used
for another bacterium from the same genus, and P. aeruginosa might express
susceptibility differently compared to P. fulva.

P. pentosaceus 1s a gram-positive LAB that is widely occurring in food and dairy
environments (Singla et al., 2018). The bacteria have also been used as probiotic
and biological growth promotor in animal feed (Danielsen et al., 2007).
Pediococcus spp. have a documented intrinsic resistance towards vancomycin,
kanamycin, gentamicin and streptomycin (Singla et al., 2018). These results are in
agreement with our study, where P. pentosaceus expressed resistance towards the
cell wall inhibiting antibiotic vancomycin and towards the three protein
biosynthesis inhibiting antibiotics gentamicin, kanamycin and streptomycin. In
contrast to the results in our study, where it was susceptible, P. pentosaceus has in
an earlier study expressed resistance towards tetracycline (Hummel et al., 2007).

L. paracasei is a gram-positive LAB that originate from the gastrointestinal tract
of humans and animals (Ledina et al., 2018). It can enter the environment and
contaminate raw materials. L. paracasei has previously been found in milk and is
reported as a non-starter LAB of relevance in the production of certain cheese
varieties (Budinich et al., 2011; Stefanovic et al., 2018). L. paracasei can also be
found as a probiotic strain in commercial fermented milk products (Sanchez et al.,
2017) where vancomycin and kanamycin resistant L. paracasei have been isolated
from yoghurt (Kyriacou et al., 2008). Also, vancomycin, kanamycin and
tetracycline resistant L. paracasei have been isolated from raw milk cheese and
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other fermented milk products. (Ledina et al., 2018; Guo et al., 2017). These
findings are in agreement with results from our study. L. paracasei isolated from
unpasteurized milk expressed resistance towards the protein biosynthesis inhibiting
antibiotic kanamycin and the cell wall inhibiting antibiotic vancomycin. L.
paracasei also expressed intermediate susceptibility towards tetracycline. Even
more, the results from this study indicate that L. paracasei is resistant towards
streptomycin and gentamicin. Similar resistance has also been documented among
other lactobacilli strains (Guo et al., 2017).

The ARB species R. ornithinolytica and S. maltophilia identified from
unpasteurized milk relate to mastitis whilst P. fulva relate to other animal diseases.
This may suggest that the livestock at the selected farm were treated with antibiotics
against infectious diseases in the past, thus gaining related ARB. The bacteria may
have gained their resistance through HGT. The resistant bacteria may already exist
in the cow’s udder but may also transmit into the milk during and after milking
through contamination as milk is excellent medium for bacteria growth (Marjan et
al., 2014).

5.2. Fresh cheese

One single ARB species was identified in the fresh cheese sample. P. brenneri is a
gram-negative bacterium from the group Pseudomonas flourescens and the genus
Pseudomonas. In an earlier study, P. brenneri was isolated from natural mineral
waters (Baida et al., 2001). Strains within the same P. flourescens group have been
isolated from raw milk (Almeida et al. 2017) and were reported to be involved in
depredation of milk in dairy products (Arslan et al., 2011). Antibiotic resistant
strains of P. flourescens have been isolated from Turkish white cheese, raw milk,
soft cheese and Italian mozzarella (Quintieri et al., 2019), with multiple antibiotic
resistance among the isolates. Among the antibiotics, the P. flourescens strains
expressed resistance towards ampicillin and chloramphenicol. This is in agreement
with the results of the current study, where P. brenneri expressed resistance towards
ampicillin and chloramphenicol. The results from this study also indicate that P.
brenneri expressed resistance towards the two-protein biosynthesis inhibiting
antibiotics erythromycin and clindamycin and towards the cell wall biosynthesis
inhibiting antibiotic vancomycin. However, no ZD data were available for P.
brenneri and instead ZD data for P. aeruginosa were used.

According to the manufacturer of the fresh cheese used for this study both the
milk and the cream were pasteurized prior production (Arla, 2021). This may
explain why few bacteria were discovered in the fresh cheese. Contamination
during the production might have contributed to the presence of the bacteria isolated
from the product. In this study, P. brenneri was one of the isolated bacteria species
that expressed resistance towards a total of five different antibiotics. However, it
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needs to be taken into consideration that ZD were used for a bacterium from the
same genus, and P. aeruginosa might express susceptibility differently than P.
brenneri.

5.3. Ripened hard cheese

A single ARB species was identified, L. paracasei. As earlier mentioned (see 5.1.
Unpasteurized milk), L. paracasei has been reported as a non-starter LAB of
relevance for cheese production (Budinich et al., 2011; Cogan, 2011). Antibiotic
resistant L. paracasei have been isolated from different dairy products (Kyriacou et
al., 2008; Ledina et al., 2018; Guo et al., 2017). The major sources of non-starter
LAB in cheese is the raw milk and/or the dairy factory environment (Cogan, 2011).
Lactobacilli can survive both pasteurization and the high cooking temperature
(52°C) used to make specific hard cheeses. It can also adapt to an environment with
limited amount of nutrients, e.g. during the later stages of cheese ripening
(Stefanovic et al., 2018). In this study, L. paracasei expressed resistance towards
the cell wall biosynthesis inhibiting antibiotic vancomycin and three protein
biosynthesis inhibiting antibiotics gentamicin, kanamycin and streptomycin. In
Sweden, the consumption of cheese is 19 kg per person a year, where approximately
70% of the consumption consist of hard cheese (Naturvardsverket 2020;
Jordbruksverket® 2020). This may be of concern since L. paracasei is one of the
most common non-starter LAB in manufacturing of cheese (Fitzsimons et al., 1999;
Settanni and Moschetti, 2010; Gobbetti et al., 2015; Stefanovic et al., 2018).

5.4. Pasteurized milk

ARB have previously been isolated from pasteurized milk (Hankin et al., 1979;
Marjan et al., 2014). Also in this study, three antibiotic resistant bacteria species
were identified in pasteurized milk.

One identified bacteria species was B. licheniformis. The bacteria is gram-positive
and from the genus Bacillus (Clements et al., 2002). Limited ZD data were available
for B. licheniformis, however, the results from this study indicated that B.
licheniformis did not express any resistance.

K. varians is a gram-positive bacterium from the genus Kocuria and the family
Micrococcus (Savini et al.,, 2010). The bacteria has been isolated from
unpasteurized cow milk and cheese and has displayed strong lipolytic and
proteolytic activities (Centeno et al., 2017; Rodriguez-Alonso et al., 2011). The
bacteria have also been isolated from salami, where it sometimes is used for flavor
development, and from the milk of water deer’s (O’Mahony et al., 2001; Demeyer
and Toldra, 2004; Li et al., 2017). In addition, bacteria from the genus Kocuria were
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isolated from human skin (Grice et al., 2008). K. varians has ability to grow at low
temperatures (8°C) (Rodriguez-Alonso et al., 2011) which might cause problems
during the cold storage of the milk. K. varians isolates have shown the ability to
produce variacin, an antibiotic belonging to the same class of antimicrobial peptides
as nisin, which can inhibit food-borne pathogens such as Staphylococcus aureus,
Bacillus cereus, Enterococcus and Clostridium botulinum (O’Mahony et al., 2001;
Chamba and Irlinger, 2004). No ZD data were available for K. varians, however,
two of the isolates expressed full resistance towards the protein biosynthesis
inhibiting antibiotic clindamycin. If a general ZD for the family of Micrococcus
were used (Eady et al., 2000) to determine the susceptibility of the isolates towards
tetracycline and gentamicin, the result would suggest that K. varians expressed
susceptibility.

S. hominis is a gram-positive, coagulase negative bacterium from the genus
Staphylococcus (Taponen and Pyo6rild, 2009). Staphylococci are the bacteria most
commonly isolated from milk of dairy cows suffering from subclinical mastitis
(Taponen and Pyoréld, 2009; Condas et al., 2017; Wald et al., 2019). S. hominis
with expressed B-lactam antibiotic resistance has been isolated from bovine milk
from cows with intramammary infections (Condas et al., 2017; Kim et al., 2019).
Also in this study, S. hominis expressed resistance towards a B-lactam antibiotic,
ampicillin. S. hominis has also been isolated from human skin (Kloos and Schleifer,
1975). However, bacteria within this genus were also isolated from cheese made
from unpasteurized milk and raw meat products, expressing resistance towards
chloramphenicol, tetracycline, gentamicin, kanamycin and erythromycin (Perreten
et al., 1998). This study indicates that S. hominis express resistance towards the
protein biosynthesis inhibiting antibiotics gentamicin, kanamycin and clindamycin,
which partially agrees with the findings of Perreten et al (1998).

Considering that pasteurization kills 99.99% of the bacteria (T6th et al., 2020),
and that both K. varians and S. hominis have been isolated from human skin, re-
contamination of the milk after pasteurization and during further processing of the
milk is one possible explanation for the presence of the bacteria in the milk. In
Sweden, low pasteurization of the raw milk at 72°C for 15 seconds is the most
common heat treatment (Livsmedelsverket 2020). In water, DNA degradation starts
at 90°C (Toth et al., 2020). The bacterial composition of milk is affected by the
pasteurization, but the antibiotic resistant genes may still be present. These genes
might further be incorporated into other bacterial genomes through HGT. Findings
of ARB in pasteurized milk may therefore be of concern since the average milk
consumption in Sweden is approximately 70 L per person a year (Naturvardsverket
2020).
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5.5. Fermented milk

Five bacteria species isolated from fermented milk expressed antibiotic resistance,
R. terrigena, P. fulva, S. hominis, R. planticola and L. delbrueckii.

R. planticola and R. ornithinolytica (see 5.1 Unpasteurized milk for R.
ornithinolytica) are two closely related species which are difficult to differentiate
with MALDI-TOF MS (Hajjar et al., 2020; de Jong et al., 2013). R. planticola and
R. terrigena are found in the soil and water environment and belong to the genus
Raoultella from the family Enterobacteriaceae (Koc et al., 2013; Izard et al., 1981).
These gram-negative bacteria are also found in the rumen, in bovine fecal and in
the dairy environment (Massé et al., 2020). Antibiotic resistant R. planticola have
been isolated from clinical mastitis cases in dairy cattle and expressed resistance
towards streptomycin (Bagley et al., 1981; Mass¢ et al., 2020). Multidrug resistant
R. planticola have been isolated from river water (Koc et al., 2013).

In this study, both R. planticola and R. terrigena expressed resistance towards
the protein biosynthesis inhibiting antibiotics gentamicin, kanamycin and
streptomycin. Resistance towards streptomycin is in agreement with Mass¢ et al
(2020). According to the manufacturer, the fermented milk product yoghurt used
for this study is pasteurized at high temperature (95°C, 10 min) (Arla 2021;
Livsmedelsverket 2020). The bacteria may therefore have been transmitted through
contamination, e.g. after pasteurization during manufacture and handling of the
milk in the dairy where personnel might follow inadequate hygienic practice.
However, improper pasteurization and unacceptable levels of hygiene indicators
may also increase the chance to introduce these bacteria into the milk (Marjan et
al., 2014).

P. fulva was earlier discussed (see 5.1 Unpasteurized milk). Pseudomonas spp.
are environmental bacteria and are recognized as major food spoilage
microorganism (Arslan et al., 2011). These bacteria have been isolated from dairy
products where they expressed resistance towards different classes of antibiotics
(Arslan et al., 2011; Quintieri et al., 2019). P. fulva harboring a pool of resistance
genes can transmit these to other bacteria in animals or humans (Quintieri et al.,
2019). Results from this study show that P. fulva express resistance towards the
protein biosynthesis inhibiting antibiotic gentamicin, thus may be able to transmit
its resistance towards gentamicin to bacteria in humans when yoghurt is consumed.
The expressed resistance and number of P. fulva isolates from fermented milk differ
from the P. fulva isolates from unpasteurized milk. A single isolate of P. fulva was
identified from fermented milk, expressing resistance towards a single antibiotic,
gentamicin. Six isolates of P. fulva were identified in unpasteurized milk,
expressing resistance towards four different antibiotics (see 5.1 Unpasteurized
milk). The difference might be due to that the bacteria are killed by the high
temperature heat treatment and low pH during the production of the yoghurt.
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S. hominis have earlier been discussed (see 5.4 Pasteurized milk). The bacteria
have been isolated from human skin and as B-lactam antibiotic resistant in bovine
milk from cows suffering from mastitis (Kloos and Schleifer, 1975; Kim et al.,
2019). However, S. hominis isolated from yoghurt in this study expressed resistance
towards the two-protein biosynthesis inhibiting antibiotics gentamicin and
kanamycin which partially differs from the S. hominis isolated from pasteurized
milk (see 5.4 Pasteurized milk).

L. delbrueckii is a gram-positive LAB and one of the main starter LAB in
cultures used in the production of yoghurt (Kyriacou et al., 2008; Ashraf and Shah,
2011; Wang et al., 2019). L. delbrueckii subs. bulgaricus, L. delbrueckii subs. lactis
and L. delbrueckii subs. delbrueckii have all been isolated from yoghurt with
expressed antibiotic resistance towards vancomycin, kanamycin, clindamycin,
tetracycline, chloramphenicol, streptomycin, erythromycin and ampicillin
(Kyriacou et al., 2008; Campedelli et al., 2019). This is in agreement with the results
from this study where the isolated L. delbrueckii expressed resistance towards the
protein biosynthesis inhibiting antibiotic gentamicin, kanamycin and streptomycin.
L. delbrueckii used in yoghurt production can harbor antibiotic resistance genes
from the resistant bacteria in unpasteurized milk and disseminate the resistance
through yoghurt (Wang et al., 2019). Bacteria that are added as starter cultures in
the production of food should thus not be antibiotic resistant from food safety and
public health perspectives. When resistant L. delbrueckii are used as starters in
yoghurt production, a large number of cells will enter the intestine and interact with
the indigenous intestinal microbiota in the human and may therefore transfer the
antibiotic resistant genes by HGT (Devirgiliis et al., 2013; Wang et al., 2019). This
might be of concern since the consumption of fermented milk products in Sweden
is approximately 27 L per person a year (Jordbruksverket® 2020). Screening for
antibiotic resistant starter cultures in fermented milk products should therefore be
routinely done in order to ensure food safety.

S. salivarius and M. luteus were two isolates from the yoghurt sample which
expressed no resistance and for which no ZD were available to determine the
susceptibility. M. luteus are naturally found in milk and can result in spoilage of
milk products (Parkash et al., 2007). However, M. luteus isolates would express
susceptibility towards gentamicin and tetracycline if general ZD (Eady et al., 2000)
for the family of Micrococcus were used to determine the susceptibility. According
to the results from this study, M. [uteus might be resistant towards kanamycin and
streptomycin. The ZD around these two antibiotic disks (11 mm respectively)
corresponded to antibiotic resistant ZD that were expressed from the other bacteria
species isolated from the yoghurt (see Table 8).
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5.6. General discussion

The disk diffusion method used in this study for screening of antibiotic resistant
bacteria makes it easy to study the bacterial susceptibility. However, this method
limits the possibility to determine the minimum inhibitory concentration (MIC) of
the antibiotic that will inhibit the visible growth of the bacteria. This would be of
interest to determine in order to judge the performance of an antibiotic with a certain
concentration towards the isolated ARB. Another limitation with this project was
that only one batch of each product was screened for ARB. The variability between
batches is in this case unknown. Therefore, in order to ensure the significance of
our results, more batches produced during the year would need to be screened.
However, the hypothesis that no ARB will be found in the dairy products, earlier
stated in this paper, unfortunately must be rejected.

5.7. Further research

In order to validate the results beyond a single batch, further research could focus
on extensive screening of ARB with additional antibiotics, additional batches from
the same product and other dairy products from the same and/or different Swedish
dairy brands. More research is needed to elucidate the scale of the problem and the
effect of ARB and antibiotic residues obtained in Swedish dairy products. Further
research could also consider a screening of ARB from unpasteurized milk that is
qualified as safe for use in manufacturing production.
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6. Conclusion

The purpose of this study was to make a screening of antibiotic resistant bacteria in
unpasteurized milk and dairy products available on Swedish market. The study
aimed to analyze bacteria from pasteurized milk, fresh cheese, ripened hard cheese,
fermented milk and unpasteurized milk. Nine different antibiotics that belong to
some of the most common used in human and veterinary medicine were tested using
the isolated bacteria.

It was found that unpasteurized milk and all dairy products contained antibiotic
resistant bacteria. In total, eleven different antibiotic resistant bacteria species were
isolated and identified in unpasteurized milk and the dairy products. These bacteria
species expressed resistance towards eight of the antibiotics investigated apart from
tetracycline. Three of the bacteria species were resistant towards the majority of the
tested antibiotics. In unpasteurized milk and fermented milk five bacteria species
that expressed antibiotic resistance were isolated. Two antibiotic resistant bacteria
species were isolated in pasteurized milk. In fresh cheese and ripened hard cheese
one antibiotic resistant bacteria species was isolated. Antibiotic resistant LAB was
isolated in unpasteurized milk, ripened hard cheese and fermented milk. Seven
bacteria species expressed resistance towards the protein biosynthesis inhibiting
antibiotic gentamicin. Kanamycin, streptomycin, clindamycin and vancomycin
were other antibiotics to which resistance was commonly expressed among the
bacteria species.

This project was designed as a pilot study. Single batches of unpasteurized milk
and dairy products were included, which limits the possibilities to validate the
results. Therefore, in order to ensure the significance of our results more batches
produced during the year would need to be screened. Further research should also
include other dairy products and antibiotics in order to elucidate how frequent the
occurrence of antibiotic resistant bacteria in Swedish dairy products is. The results
from this study indicate that a more thorough screening of antibiotic resistant
bacteria might be necessary in order to ensure the food safety before Swedish dairy
products reach the retail market.
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Appendix 1- Popular Scientific Summary

Do you consume any Swedish milk or dairy products? If you do, you are not alone.
In Sweden we consume just over 70 L milk per person every year. We also consume
around 19 kg of cheese and 27 L of fermented milk products per person every year.
Milk and dairy products contain a lot of bacteria that are considered as safe and
healthy for the consumers. Unfortunately, milk can easily be contaminated.
Contamination of milk and dairy products might lead to consumption of bacteria
that are not healthy for us. Some of the bacteria that can exist in milk are those who
have developed a resistance against one of the worlds most used medicines, i.e.
antibiotics.

If the cow has been treated with an antibiotic for some infection disease, the milk
from that cow cannot be delivered to the dairy until it has been demonstrated that
no antibiotic residues exist in the milk. Even if the milk is assumed to be free from
antibiotic residues, there is still a risk that antibiotic resistant bacteria exist in the
milk. The milk is heat-treated by pasteurization before it is used in dairy products.
The unhealthy bacteria are killed by pasteurization. However, the pasteurization
doesn’t kill all other bacteria. This means that antibiotic resistant bacteria can
survive pasteurization and exist in the milk which will later be used for dairy
products. The antibiotic resistant bacteria in the milk can further spread their
resistance to non-antibiotic resistant bacteria in the surrounding. The milk can also
become contaminated with antibiotic resistant bacteria in the dairy. The
contamination might occur after the pasteurization during manufacture processing
and handling of the milk where personnel might follow inadequate hygienic
practice.

Research have demonstrated that antibiotic resistant bacteria have been found in
different foods around the world. Milk products are among the foods that have often
been reported to contain antibiotic resistant bacteria. That is why this study
searched for antibiotic resistant bacteria in Swedish milk and popular dairy products
as hard cheese, fresh cheese, and yoghurt. Unpasteurized milk collected from a farm
in Sweden was also analyzed in this study. Nine different antibiotics that belong to
some of the most commonly used antimicrobial drugs in human and veterinary
medicine were tested towards the bacteria.
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The results from this study indicate that antibiotic resistant bacteria existed in
unpasteurized milk and in Swedish dairy products. Elven bacteria species that
expressed antibiotic resistance were found in the dairy products and the
unpasteurized milk. All of these bacteria species were resistant to at least one
antibiotic. Some bacteria species were resistant to the majority of the antibiotics
investigated. This could be alarming as the consumer of dairy products might get
antibiotic resistant bacteria in their body. The bacteria could further spread their
resistance to other non-antibiotic resistant bacteria. Today, antibiotic resistance
among pathogens that infect humans is of big concern. Overconsumption and
misuse of antibiotics in both animals and humans have created a global problem
with the spread of antibiotic resistance. The World Health Organization have stated
that one of the biggest threats of the 21% century to both human and animal health
is antibiotic resistance. Foods that are considered safe to consume should therefore
not contain antibiotic resistant bacteria if we want to slow down the spread.

So, do you want to continue to consume dairy products now when you’ve read this?
You should not worry. In this study, it was not possible to determine if antibiotic
resistant bacteria always are present in dairy products. This since only one batch
from each product was included in the study. Further research needs to be
completed and include additional batches and other dairy products. First then we
can determine whether antibiotic resistant bacteria from Swedish dairy products are
a concern. However, it should be of interest to detect antibiotic resistant bacteria in
the dairy products before they reach the Swedish retail market.
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Appendix 2- Zone diameter raw data

Table 11. Raw ZD data for Raoultella ornithinolytica and Stenotrophomonas maltophilia isolated

in unpasteurized milk on VRBD and MH agar

Taxonomy Replicate AMP C CN E K S TE VA DA mm
Raoultella
ornithinolytica
1 11 26 18 0 20 12 25 0 0 mm
2 10 26 17 0 20 10 24 0 0 mm
Raoultella
ornithinolytica
1 10 25 18 0 20 16 25 0 0 mm
2 10 25 18 0 20 18 25 0 0 mm
Stenotrophomonas
maltophilia
1 12 26 19 0 21 17 25 0 0 mm
2 11 25 19 0 20 17 26 0 0 mm
Raoultella
ornithinolytica
1 11 25 19 0 20 18 25 0 0 mm
2 11 25 20 0 21 18 26 0 0 mm
Raoultella
ornithinolytica
1 10 25 19 0 20 17 25 0 0 mm
2 10 26 19 0 21 18 25 0 0 mm
Raoultella
ornithinolytica
1 1m 27 20 0 22 17 25 0 0 mm
2 11 26 20 0 22 19 25 0 0 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)
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Table 12. Raw ZD data for Pseudomonas fulva isolated in unpasteurized milk on M17 and MH agar

Taxonomy Replicate AMP C CN E K S TE VA DA mm
Pseudomonas fulva

1 0 13 18 0 25 12 25 0 0 mm

2 0 14 19 0 24 13 24 0 0 mm
Pseudomonas fulva

1 0 14 19 0 24 12 25 0 0 mm

2 0 13 20 0 25 12 25 0 0 mm
Pseudomonas fulva

1 0 13 20 0 24 12 27 0 0 mm

2 0 13 20 0 24 13 25 0 0 mm
Pseudomonas fulva

1 0 14 19 0 25 12 24 0 0 mm

2 0 13 20 0 24 12 25 0 0 mm
Pseudomonas fulva

1 0 13 20 0 25 13 24 0 0 mm

2 0 14 20 0 25 13 25 0 0 mm
Pseudomonas fulva

1 0 13 20 0 24 12 25 0 0 mm

2 0 13 20 0 25 12 25 0 0 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)
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Table 13. Raw ZD data for Pediococcus pentosaceus and Lactobacillus paracasei isolated in
unpasteurized milk on MRS agar

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)

Taxonomy Replicate AMP C CN E K S TE VA DA mm
Pediococcus pentosaceus

1 33 34 0 34 0 o0 40 0 26 mm

2 33 35 0 36 0 o0 40 0 26 mm
Pediococcus pentosaceus

1 20 28 0 25 0 0 20 0 26 mm

2 20 27 0 25 0 0 17 0 25 mm
Pediococcus pentosaceus

1 27 33 0 32 0 o0 33 0 29 mm

2 23 32 0 35 0 o0 25 0 26 mm
Lactobacillus paracasei

1 20 27 0 25 0 0 17 0 26 mm

2 20 27 0 25 0 0 18 0 25 mm
Lactobacillus paracasei

1 23 30 0 25 0 o0 17 0 27 mm

2 23 30 0 27 0 o0 16 0 25 mm
Pediococcus pentosaceus

1 20 25 0 25 0 0 20 0 26 mm

2 20 27 0 25 0 0 20 0 25 mm
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Table 14. Raw ZD data for Pseudomonas brenneri isolated in fresh cheese on M17 and MH agar

Taxonomy Replicate C CN K S TE mm
Pseudomonas
brenneri
1 0 10 20 0 22 15 32 0 0 mm
2 0 9 20 0 22 15 34 0 0 mm
Pseudomonas
brenneri
1 0 9 23 0 28 16 34 0 0 mm
2 0 7 23 0 29 16 33 0 0 mm
Pseudomonas
brenneri
1 0 7 24 0 27 16 33 0 0 mm
2 0 7 23 0 29 18 31 0 0 mm
Pseudomonas
brenneri
1 0 8 23 0 29 16 32 0 0 mm
2 0 8 23 0 28 19 30 0 0 mm
Pseudomonas
brenneri
1 0 10 21 0 24 15 37 0 0 mm
2 0 7 20 0 23 15 36 0 0 mm
Pseudomonas
brenneri
1 0 8 24 0 29 16 33 0 0 mm
2 0 8 24 0 29 17 31 0 0 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),

Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)
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Table 15. Raw ZD data for Lactobacillus paracasei isolated in ripened hard cheese on MRS agar

Taxonomy Replicate AMP C CN E K S TE VA DA mm
Lactobacillus
paracasei
1 30 33 0 33 0 0 35 0 30 mm
2 35 40 0 3 0 0 36 0 26 mm
Lactobacillus
paracasei
1 29 30 0 335 0 0 35 0 30 mm
2 30 32 0 3 0 0 34 0 25 mm
Lactobacillus
paracasei
1 26 30 0 31 0 0 35 0 26 mm
2 30 30 0 32 0 0 35 0 25 mm
Lactobacillus
paracasei
1 26 28 0 3 0 0 32 0 24 mm
2 26 30 0 31 0 0 36 0 25 mm
Lactobacillus
paracasei
1 31 34 0 335 0 0 35 0 25 mm
2 30 32 0 32 0 0 35 0 25 mm
Lactobacillus
paracasei
1 34 34 0 3 0 0 34 0 23 mm
2 35 35 0 32 0 0 35 0 25 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),
Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)
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Table 16. Raw ZD data for Kocuria varians, Staphylococcus hominis and Bacillus licheniformis
isolated in pasteurized milk on M17 and MH agar

Taxonomy Replicate AMP C CN E K S TE VA DA mm
Kocuria varians
1 62 39 24 49 17 20 45 25 40 mm
2 60 38 22 50 20 23 44 23 40 mm
Kocuria varians
1 64 36 23 50 20 23 48 25 40 mm
2 62 42 21 50 21 24 46 25 42 mm
Staphylococcus
hominis
1 11 23 19 30 14 8 42 24 0 mm
2 15 28 20 31 11 10 42 23 0 mm
Bacillus licheniformis
1 64 42 25 52 17 20 46 22 42 mm
2 66 41 24 52 19 22 47 25 41 mm
Kocuria varians
1 12 30 20 30 15 8 41 21 0 mm
2 17 32 20 30 15 7 41 22 0 mm
Kocuria varians
1 13 30 18 29 14 9 40 22 0 mm
2 13 27 17 28 14 7 41 22 0 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),

Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)
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Table 17. Raw ZD data for Streptococcus salavarius, Raoultella terrigena, Pseudomonas fulva,
Micrococcus luteus, Staphylococcus hominis and Raoultella planticola isolated in fermented milk

on M17 and MH agar
Taxonomy Replicate  AMP C CN E K S TE VA DA mm
Streptococcus salavarius
1 41 40 26 43 25 22 45 25 25 mm
2 42 40 26 42 22 24 43 25 25 mm
Raoultella terrigena
1 50 40 14 46 9 12 47 27 50 mm
2 50 40 15 47 8 11 47 26 50 mm
Pseudomonas fulva
1 40 35 14 38 10 11 43 24 25 mm
2 40 32 12 38 10 12 37 23 25 mm
Micrococcus luteus
1 50 38 22 47 10 11 45 30 45 mm
2 50 36 20 45 11 11 42 30 46 mm
Staphylococcus hominis
1 42 37 15 40 9 10 42 26 45 mm
2 42 35 14 43 10 11 37 26 45 mm
Raoultella planticola
1 47 40 12 47 9 13 46 27 52 mm
2 50 47 19 50 10 11 49 30 54 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),

Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)
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Table 18. Raw ZD data for Lactobacillus delbrueckii isolated in fermented milk on MRS agar

Taxonomy Replicate AMP C CN E K S TE VA DA mm
Lactobacillus delbrueckii

1 60 40 18 45 25 24 50 30 50 mm

2 60 42 20 44 20 25 45 35 50 mm
Lactobacillus delbrueckii

1 55 44 12 45 11 11 45 35 44 mm

2 52 45 12 43 10 9 42 34 43 mm
Lactobacillus delbrueckii

1 55 45 20 43 22 22 42 33 42 mm

2 55 45 18 40 21 21 45 35 42 mm
Lactobacillus delbrueckii

1 50 42 12 40 0 10 40 33 40 mm

2 50 41 12 42 0 10 41 33 42 mm
Lactobacillus delbrueckii

1 52 40 16 41 17 16 40 30 40 mm

2 53 40 17 40 17 17 40 30 40 mm

Abbreviations: Ampicillin (AMP), Chloramphenicol (C), Gentamicin (CN), Erythromycin (E), Kanamycin (K),

Streptomycin (S), Tetracycline (TE), Vancomycin (VA), Clindamycin (DA)

71



	1. Introduction
	1.1. Purpose and objective
	1.2. Delimitations

	2. Background
	2.1. Antibiotics
	2.1.1. Antibiotics spectra
	2.1.2. Mechanism of action
	Inhibition of bacterial cell wall biosynthesis
	Inhibition of protein biosynthesis
	Inhibition of DNA synthesis function
	Other targets of antibiotics

	2.1.3. Chemical structure

	2.2. Antibiotic resistance mechanisms
	2.2.1. Enzymatic destruction or modification of the antibiotic
	2.2.2.  Prevention of access to target
	2.2.3. Replacement or modification of the antibiotic target
	2.2.4. Horizontal gene transfer
	Transformation
	Transduction
	Conjugation


	2.3. Antibiotics in livestock and food
	2.4. Methods for determination of antibiotic resistant bacteria
	2.4.1. Kirby- Bauer disk diffusion method
	2.4.2. MALDI-TOF MS


	3. Experimental procedure
	3.1. Products
	3.2. Antibiotics
	3.3. Material and methods
	3.4. Culturing and isolation of bacteria
	3.4.1. Media
	3.4.2. Preparation of buffer solution
	3.4.3. Isolation of bacteria

	3.5. Antimicrobial susceptibility test
	3.5.1. Media
	3.5.2. Preparation of turbidity standard
	3.5.3. Disk diffusion method

	3.6. MALDI-TOF MS
	3.6.1. Data processing


	4. Results
	4.1. Unpasteurized milk
	4.1.1. Raoultella ornithinolytica
	4.1.2. Stenotrophomonas maltophilia
	4.1.3. Pseudomonas fulva
	4.1.4. Pediococcus pentosaceus
	4.1.5. Lactobacillus paracasei

	4.2. Fresh cheese
	4.2.1. Pseudomonas brenneri

	4.3. Ripened hard cheese
	4.3.1. Lactobacillus paracasei

	4.4. Pasteurized milk
	4.4.1. Bacillus licheniformis
	4.4.2. Kocuria varians
	4.4.3. Staphylococcus hominis

	4.5. Fermented milk
	4.5.1. Streptococcus salivarius
	4.5.2. Raoultella terrigena
	4.5.3. Pseudomonas fulva
	4.5.4. Micrococcus luteus
	4.5.5. Staphylococcus hominis
	4.5.6. Raoultella planticola
	4.5.7. Lactobacillus delbrueckii

	4.6. Antibiotic resistant bacteria

	5. Discussion
	5.1. Unpasteurized milk
	5.2. Fresh cheese
	5.3. Ripened hard cheese
	5.4. Pasteurized milk
	5.5. Fermented milk
	5.6. General discussion
	5.7. Further research

	6. Conclusion

