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ABSTRACT

In this study, the presence of antibiotics (ANBgideles was evaluated in poultry meat purchased from
German and Lithuanian markets. In addition, thenaintobial activity of thirteen lactic acid bactari
(LAB) strains, two essential oils (EOsYHymus vulgarisand Origanum vulgareL.), and their
compositions were tested for the purpose of inim@itantibiotic-resistantSalmonellaspp. ANB
residues were found in 3 out of the 20 analysedtyomeat samples: sample No. 8 contained
enrofloxacin (0.46 pg/kg), sample No. 14 contaibeth enrofloxacin and doxycycline (0.05 and 16.8
Hng/kg, respectively), and sample No. 18 contaimadfoxacin (2.06 pg/kg). The maximum residue
limits (MRLs) for the sum of enrofloxacin and ciflmxacin and for doxycycline in poultry muscle are
100ug/kg. Finally, none of the tested poultry meat sim@xceeded the suggested MRLs, however,
the issue of ANB residues still requires monitorwfgthe poultry industry in Germany, Poland, and
Lithuania, despite the currently established lowBABbncentrations. These findings can be explained
by the increased use of alternatives to ANB ingbeltry industry. Our results showed that an effect
alternative to ANB, which can help to reduce theuwrence of antibiotic-resistant salmonella, is a
composition containing 1.0% of thyme EO and thdof@ing LAB strains:Lactobacillus plantrum
LUHS122, Enteroccocus pseudoaviuhUHS242, Lactobacillus caseiLUHS210, Lactobacillus
paracaseiLUHS244,Lactobacillus plantarumLUHS135, Lactobacillus coryniformind UHS71, and
Lactobacillus uvarumLUHS245, which can be recommended for poultry siduas components of
feed or for the treatment of surfaces, in ordecdatrol the contamination witBalmonellastrains.
However, it should be mentioned that most of tistet LAB strains were inhibited by thyme EO at the
concentrations of 0.5 and 1.0%, except for LUHS122HS210, and LUHS245. Finally, it can be
noted that the agents responsible for the inhipiedfect onSalmonellaare not the viable LAB strains
but rather their metabolites, and further studiesreeeded to identify which metabolites are thetmos

important.
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INTRODUCTION

The European Union (EU) imposed a complete baril @ndibiotics (ANB) as growth promoters
(GP) in animal feed since January 2006, and accgrdo the regulations by Food and Drug
Administration (FDA), ANB cannot be used for growtfomoting purposes across the United States of
America (USA) from 2017. The restriction of ANB useanimal feed is a controversial global issue,
because the presence of ANB in feed formulationk@vn to promote the growth of broilers (Gadde
et al., 2018; Wealleans et al., 2018) which is axgd with the timely control of infections in ptwl
farms (Singer and Hofacre, 2006). However, the sypmo to ANB can lead to the spread of drug
resistant infections in humans and animals, whiehpmojected to cause 10 million human deaths the
loss of 100 trillion USD by 2050 if the currentrids in ANB consumption will continue (O’Neill,
2014; Mellor et al., 2019). The widespread cliniaall agricultural use of antimicrobials has faatéd
the emergence of antimicrobial resistance in bectdraxminarayan and Heymann, 2018ome
opportunistic and pathogenic bacteria are morelentuthan others. Thus, over 100,000 cases of
enterocolitis in the EU, causing annual losses3biflion, are attributed to non-typhoiddaimonella
infections, of whichSalmonella entericasubsp.enterica serovar Typhimuriumis the second most
common serovar (EFSA, 2017). It has been repohadpoultry and its products are a potential source
of resistantSalmonellastrains (de Oliveira et al., 2005; Singh et al1@0Welasquez et al., 2018). The
control of Salmonellain poultry production is very complicated, becalsels can be exposed to
Salmonellanot only from wild birds, but also from flies (W&l et al., 2010; Andrés et al., 2013). Also,
it should be mentioned that the presence of patiiodeacteria in the microbiota of broilers is an
important biosafety factor in the poultry indus{Glavijo et al., 2019).

Salmonellais a common pathogen that can survive and passighrthe technological steps of
poultry production (Vinueza-Burgos et al., 2019)urkbin gastrointestinal infections caused by

Salmonellausually are associated with the consumption ofitpoproducts, therefore the control of



72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

this type of pathogens is of great importance (Wegeet al., 2003). Three possible routes of
Salmonellacontamination in chicken meat have been identifiedluding initial presence, cross-
contamination from broilers carryin8almonellathat have been slaughtered on the same day, and
contamination from resident flora in the slaughteide, with the last route being the most common
(Shang et al., 2019).

However, the treatment of poultry with ANB is not @acceptable solution, as the use of ANB promotes
the resistance of pathogenic strains, as well aB Adsidues can directly affect the human immune
system, growth, and metabolism processes (Muhanatnald, 2019). In order to reduce the health risks
due to ANB use, a search for alternatives continlidsas been suggested that xylanase and amylase
produced byAspergillus nigeduring solid state fermentation of apple pomace ba used as
alternatives to ANB growth promoters (GP) in poulteed (Suresh et al., 201%lso, the use of
probiotics (PRO) has been suggested to reducerésemce of ANB in poultry farming (Patterson and
Burkholder, 2003; Gaggia et al., 2010). Most PR® lzacteria that already exist in the digestivettrac
of animals, and have the properties of bacteriahroonity stabilizers or antimicrobials against
undesirable bacterial species (de Vrese and Scihwmezig 2008; Kabir, 2009). Our previous studies
have shown that lactic acid bacteria (LAB) can lithimethicillin-resistanStaphylococcus aureus
(Bartkiene et al., 2019). In addition, LAB has wars properties, which are desirable in poultry farm
For example, phosphatase excreted by LAB can leauproving of phosphate digestion (Neveling et
al., 2020). The LAB, which possessing PRO propgrhowed ability to attach to intestinal epithelia
cells and to reduce pathogens colonization, as agelb increase growth performance and improve the
immune system of the poultry (Salehizadeh et @202 Soomro et al., 2019; Mohammadreza et al.,
2020). In addition to above mentioned probiotic gemies, LAB can reduce mycotoxins in feed

(Haquea et al., 2020).



95 Also, our previous studies showed strong antimiedoproperties of some essential oils (EOs),
96 which do not inhibit LAB, while inhibiting pathogenbacteria (Bartkiene et al., 2019; Bartkienelgt a
97 2018a)EOs typically contain a combination of volatileatiproduce cumulative antimicrobial effects.
98 EOs have a great potential as alternatives to ANBdultry industry and are generally favoured as
99  natural antimicrobials that are less toxic and free residues (Zhai et al., 2018).
100 Finally, even though LAB and EOs are well known tlegir antimicrobial properties in the poultry
101  industry, studies regarding the antimicrobial attiof these very different agents are scarce.thisr
102  reason, we set out to test our hypothesis thaethamicrobials with different mechanisms of actio
103  can produce a synergic antimicrobial effect. Irs #tudy, the presence of ANB residues was evaluated
104 in poultry meat purchased from the German and hitien markets. In addition, the antimicrobial
105 activity of thirteen different LAB strains, two Eo&nd their compositions against ANB-resistant

106  Salmonellaspp. was tested.

107

108 MATERIALSAND METHODS

109

110 Poultry Meat Samples, Salmonella and Lactic Acid Bacteria Strains, Essential Qils

111 A total of 20 poultry meat samples were purchaseanfdifferent hypermarkets and central

112 markets in Germany and Lithuania (Table 1). Theaioletd meat samples originated from different
113 countries: Germany (purchased in Germany), Lithaiahatvia, Poland, and France (purchased in
114  Lithuania).

115 The Salmonellastrains were isolated from raw poultry productscken) in the Northern region of
116  Kazakhstan in years 2018-2019 (the project wasatgg by the Ministry of Education and Science of
117  the Republic of Kazakhstan, Project number AP0543)14All isolates belonged to the Enteritidis

118  serotype ofSalmonella entericaSusceptibility testing was performed using digkidion method at
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the Kostanay State University (Kazakhstan) accgrdio clinical breakpoints set by EUCAST
(whenever possible) and the applicable nationaldsted. TheSalmonellaresistance profiles are given
in Table 2.

The LAB strains l(euconostoc mesenteroidé®JHS225, Lactobacillus plantarumLUHS122,
Enteroccocus pseudoaviurhUHS242, Lactobacillus casei LUHS210, Lactobacillus curvatus
LUHS51, Lactobacillus farraginis LUHS206, Pediococcus pentosaceudJHS183, Pediococcus
acidilactici LUHS29, Lactobacillus paracaseiLUHS244, Lactobacillus plantarum LUHS135,
Lactobacillus coryniformisLUHS71, Lactobacillus brevisLUHS173, andLactobacillus uvarum
LUHS245) were acquired from the Lithuanian Univisrsof Health Sciences collection (Kaunas,
Lithuania). The LAB strains were selected accordimgheir inhibiting properties against pathogenic
and opportunistic bacterial strains (Bartkiene let2019; Bartkiene et al., 2018b; Lele et al., 201
The tested LAB strains were grown in the MRS med{&iolife, Italy) at 30°C. Two percent of the
MRS solution (v/v) in which the strains were muigd were inoculated into fresh medium and
propagated for 18 h. The multiplied LAB samples evarsed for the determination of their
antimicrobial activities against the aforementioSadiimonellsstrains.

The EOs of thymeThymus vulgarjsand oreganodriganum vulgarel..) were purchased from

Sigma-Aldrich (Saint-Louis, MO, USA).

Evaluation of Antibiotic Residuesin Poultry Meat Samples by UHPLC-MSMS Method

The following antibiotics were analysed in this dstu cephalosporins (cefacetrile, cefalexin,
cefoperazone, cefalonium, cefaprim, cefazolin, wefogme, ceftiofur), penicillins (amoxicillin,
ampicillin, benzylpenicillin, cloxacillin, dicloxaltin, nafcillin, oxacillin, phenoxymethylpenicilti,
penicillin V), quinolones (ciprofloxacin, danoflosia, difloxacin, enrofloxacin, flumequine,

marbofloxacin, nalidixic acid, norfloxacin, orbitacin, oxolinic acid, sarafloxacin), sulfonamides
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(sulfachloropyridazine, sulfadimethoxine, sulfadimie, sulfadoxine, sulfamerazine, sulfamethizole,
sulfathiazole, sulfamonomethoxine, sulfanilamidegtracyclines (chlortetracycline, doxycycline,
oxytetracycline, tetracycline), macrolides and disamides (erythromycin A, josamycin, kitasamycin,
lincomycin, neospiramycin, pirlimycin, spiramycitildipirosin, tilmicosin, tylosin A, tulathromycin
A), and other antibiotics (thiamphenicol, bacitmcnovobiocin, rifaxamin, tiamulin, tylvalosin,
valnemulin and trimethoprim).

The analyses were performed according to a prelyiqusblished method by Reinholds et al.,
(2016). According to this method, a 2 g sample wagghed into a 15 mL centrifuge tube. Quality
control samples were fortified with the appropriatdume of standard solution in order to obtairelsv
corresponding to 10% of EU MRLs for muscles. Theml3of acetonitrile was added to each sample.
The samples were vigorously shaken for 20 min aedtrduged for 15 min at 4500 rpm. The
supernatant was collected and loaded onto a Phpdeddpholipid removal tube (1 mL) that was pre-
conditioned with 0.5 mL of acetonitrile. The obtihextracts (2 mL) were collected into clean sample
tubes, while the Phree™ tubes were washed withtiaddl 0.3 mL of acetonitrile. The combined
acetonitrile extracts were evaporated to drynesteuumitrogen stream at 55°C. The residues were
dissolved in 1 mL of 0.1% formic acid solution irate@r/methanol (90:10, v/v). The samples were then
filtered through 0.22um centrifuge filters at 3000 rpm and transferrecdwtosampler vials for further
analysis. A 1QuL aliquot of each sample was injected into the UBRUS/MS system.

The obtained low level concentrations of enroflorand ciprofloxacin were confirmed using the
method described by Pugajeva et al., 2018. Accgrttirthat method, a sample of muscle tissue (10 g)
was spiked with 50 uL of 0.01 pg'Linternal standard solution (concentration in sasphas
0.05 pg k). The analytes were extracted by adding 20 mLcefanitrile, than shaken for 20 min and
sonicated for 10 min in ultrasonic bath. After ec#agation at 4000 rpm for 10 min, 15 mL of the

supernatant was transferred into another centrifuige and evaporated under nitrogen stream at 50°C.
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The sample was reconstituted in 5 mL of water agatrduged for 10 min at 4000 rpm at 4°C. The
supernatant was loaded into a Strata X cartrid@é (dg / 6 mL) previously conditioned with methanol
(5 mL) and deionised water (5 mL). The column washed with aqueous 50% methanol solution.
The elution of analytes was achieved with 5 mL @ dmmonia solution in methanol. The eluate was
evaporated to dryness under nitrogen stream at.50R€ residue was dissolved in aqueous 50%
methanol solution (200 pL), then transferred intosh for UHPLC-MS/MS analysis.

Chromatographic separation of target compoundsaghgeved using an UltiMate 3000 UHPLC
system (Thermo Scientific, Waltham, MA, USA). Thesparation was performed on a
100 mm x 2.1 mm i.d., 1,9m Hypersil Gold analytical column (Thermo SciewmfifiThe mobile phase
component A was water and the component B was melthiaoth containing 0.1% of formic acid. The
flow rate was 30QiL min™*. The effective gradient began at the initial melphase composition of
90% A and 10% B. The percentage of mobile phasgooent B was linearly raised from 10% to 30%
until 4.0 min, then maintained for 1.0 min. Fror® &in to 10 min the percentage of component B was
linearly raised up to 95% and was held constant L6t5 min. Then the percentage of component B
was sharply decreased to 10% over 0.5 min and wpsédt this level until 15 min. The column and
sample temperatures were 30°C and 10°C, respectivel

The UHPLC system was coupled to a Thermo ScierfiiQ Quantiva mass spectrometer equipped
with a heated electrospray ionisation probe (HE&gd in the positive ionisation mode. Sample
analysis was performed in the selected reactionitoramg (SRM) mode, by selecting one precursor
and two product ions for each compound with a diwele of 100 ms per channel, using resolution of
0.7 FWHM for Q1 and Q3 and setting the collisiors gargon) pressure at 1.5 mTorr. The following
general ionisation source parameters were appbBpday voltage 4.0 kV, vapouriser temperature

320°C, ion transfer tube temperature 280°C, shgash(N) 40 arbitrary units (arb), auxiliary gas N
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15 (arb), and sweep gasJNo (arb). The data processing was carried out WithceFinderEFS

software (Thermo Fisher Scientific).

Evaluation of Lactic Acid Bacteria and Essential Oils Antimicrobial Properties against
Salmonella Strains

An agar well diffusion assay was used for testing antimicrobial activity of LAB. For this
purpose, 0.5 McFarland turbidity suspension of €almonellastrain was inoculated onto the surface
of cooled Mueller Hinton Agar (Oxoid, UK) using ste cotton swabs. Wells with 6 mm diameter
were punched in the agar and filled with 50 pL loé tested LAB suspension. The antimicrobial
activity against the tested bacteria was determienheasuring the DIZ (mm). The experiments were
repeated three times and the average value of @REZcalculated.

In addition, the Minimal Inhibitory Concentratior(#IC) of the LAB and EOs against the
aforementione®almonellastrainswere determined according to the Clinical and Labtmy Standards
Institute (CLSI) microdilution method (CLSI, 2019IC was defined as the concentration of LAB or
EOs that inhibited visible microbial growth. Tworam@ntrations of LAB and four concentration of EOs
were tested against ti&almonellastrains (suspension of 0.5 McFarland turbidityyeviested: (i) 0.5
mL LAB + 0.1 mL of Salmonellasuspension, (i) 0.5 mL LAB + 0.01 mL &almonellasuspension,
and i) 0.01 mL EOs + 0.01 mL &almonellasuspension, (i) 0.02 mL EOs + 0.1 mL $Imonella
suspension, (iii) 0.05 mL EOs + 0.01 mL $&lmonellasuspension, (iiii) 0.1 mL EOs + 0.1 mL of

Salmonellasuspension. The experiments were performed ilicaie.

Evaluation of Essential Oil Antimicrobial Properties against Lactic Acid Bacteria
The LAB strains selected for the highest antimi@blactivity were multiplied in MRS broth

(Biolife, Italy) at 30°C. Then, 500 pL of the seied LAB strains in 10 mL of physiological solution

10
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were added. The LAB strains diluted with physiotagisolution were tested as (1) control; (1) wi@

puL of Thymus vulgari€O; (Il) with 100 puL of Thymus vulgari€O. Count of LAB was determined
after 0 and 24 hours of cultivation at 30°C. The B_Aounts were determined on MRS agar
(Liofilchem, Roseto degli Abruzzi, Teramo, Italy)sing standard plate count techniques
(ISO 15214:1998). The plates were incubated at 38*@2 h under anaerobic conditions (using an

AnaeroGen atmosphere generation system, Oxoid).

RESULTSAND DISCUSSION

Antibiotic Residues in Poultry Meat Samples

Antibiotic residues detected in poultry meat sam@ee showed in Table 3. Among the different
classes of antimicrobials some of them are usebtrmad applications. For instance, fluoroquinolones
and sulphonamides are used as growth promoters §&R)ell as drugs against a broad spectrum of
both Gram positive and Gram negative microorgani§irang et al., 2013). In this study, antibiotic
residues were found in 3 out of the 20 poultry nssatples analysed: enrofloxacin (0.46 pg/kg) was
found in the sample No. 8, enrofloxacin and doxyiogc (0.05 and 16.8 pg/kg, respectively) were
found in the sample No. 14, and enrofloxacin (2.@8kg) was found in the sample No. 18. Our
previous studies showed that 37 out of 40 samptesamed residues of enrofloxacin in the
concentration range of 3.3 - 1126 ng/kg (Pugajeéva.e2018). Since finding that ANB can promote
the growth of animals, various ANBs have been adutednimal feed at sub-therapeutic doses.
Although this practice has been beneficial for aliproductivity, there is a concern about long term
effects or the environment and the public healtie ffequent use of ANB in animal feed has led & th
dissemination of ANB-resistant strains of poultatipgens, such &almonella Campylobacterand
Escherichia col(Gayatri et al., 2018). Also, the use of ANB &SR in animal feed, which lead to their

residues in meat, can cause allergic reactionsglisas technological problems during fermentatén
11



239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

certain meat products (Pavlov et al., 2005). Theopean Centre for Disease Prevention and Control
(ECDC) states that ANB resistance continues to bermus public health threat worldwide, and the
European Commission (EC) decided in 2006 to baocatimonly used ANB-GP in animal feed due to
concerns about the potential for ANB resistantissraf bacteria and ANB residues in meat products.
For this reason, there has been considerable stteralternatives to ANB (Denli and Demirel, 2018)
In order to reduce the risk of anti-bacterial resise, the European Union (EU) applied a
“precautionary principle” model by banning certaimtimicrobial GP (Kriebel et al., 2001). For those
ANB that are not banned, maximum residue limits ((dRof ANB have been set by EU countries and
the USA to ensure the safety of consumers. Accgrtbrthe definition by EU authorities, the MRL is
the maximal legally acceptable amount of pharmago#ily active substances and their metabolites in
foodstuffs originating from animals. The MRLs amdatilated with reference to the Acceptable Daily
Intake (ADI), which includes a large safety margirnthe calculation, and the ADI for meat is about
500 grams per person (Mungroo and Neethirajan, 20h& requirements of those regulations can be
met by relying on a withdrawal period, which is ttime period between the last doses of any
pharmacologically active substance administereitheécanimal and the time at which the residue level
in tissues or products must not exceed the MRLh@vdwal periods promote consumer safety by
ensuring that the MRL is not exceeded (MRLs, 20MRLs, 2001). Although efforts have been made
to harmonize MRLs worldwide under the aegis of Worrade Organization (WTO) and the Codex
Alimentarius, MRLs still vary from one geographid¢atation to another. In fact, MRLs in a particular
animal product may differ from one country to amstbdepending on the local food safety regulatory
agencies and drug usage patterns (APVMA, 2014).eptable daily intake (ADI) is also a key
requirement that is established on the basis oNthébservable Effect Level (NOEL), as identified
from toxicological studies, divided by a safetyttaqoften 100) (MRLs, 2001). The MRLs for the sum

of enrofloxacin and ciprofloxacin and for doxycywiin poultry muscle are 1Q@/kg. According to

12
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the results of this study, the problem with ANBidegs is still relevant in the poultry industry of
Germany, Poland, and Lithuania. However, in congoariwith our previous results, ANB residues
were found at lower amounts. These findings caexptained by improved control of food quality and

the increased use of alternatives to ANB in thdtppindustry.

Lactic Acid Bacteria, Essential Oils and Their Composition Antimicrobial Properties against
Salmonella Strains

The inhibition zones (1Z) caused by LAB against testedSalmonellastrains, as well as the
minimal inhibitory concentrations (MIC) of the tedt LAB strains and Eos, and the 1Z of their
combinations are shown in Tables 4, 5, and 6, ctivgdy.

When comparing the 1Z caused by LAB agaiilmonella the LAB strainsLeuconostoc
mesenteroidesUHS225,Lactobacillus curvatuUHS51, and_actobacillus brevid UHS173 did not
inhibit the testedSalmonellastrains. Furthermord,actobacillus farraginisLUHS206 did not exhibit
antimicrobial activity againstSalmonella K43, while Pediococcus pentosaceusUHS183 and
Pediococcus acidilacticLUHS29 did not exhibit antimicrobial activity agat theSalmonellastrain
K76 (Table 4). However, the other tested LAB stsdimhibited all of the testeBalmonellastrains and
the highest 1Z was caused by the LAB strains LUHS1RPUHS135, and LUHS245 against the
Salmonellastrain K2 (the average 1Z diameter was 14.3 mmB Istrains LUHS206 and LUHS245
against thesalmonellastrain K5 (the average 1Z diameter was 14.2 mrAB Istrain LUHS245 against
the Salmonellastrain K43 (the average IZ diameter was 14.0 miiAB strain LUHS135 against the
Salmonellastrain K72 (the average IZ diameter was 14.0 nangl LAB strain LUHS245 against the
Salmonellastrain K76 (the average 1Z diameter was 14.0 mm).

When comparing the MIC of the LAB strains and EQ@aiast the teste8almonellastrains, it was

found that all of the tested LAB strains at botst teoncentrations inhibiteS8almonella except for 0.5
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mL of LUHS29 + 0.01 mL oSalmonellastrain K43 suspension (Table 5). Comparing the $/Md€Cthe
tested EOs, the oregano EO did not inhatmonellastrains at any of the tested concentrations, while
the thyme EO at 0.2% concentration inhibited tBalmonella strains K2 and K72, at 0.5%
concentration inhibited th®almonellastrains K2, K72, and K76, and at 1.0% inhibitddthe tested
Salmonellastrains.

Further experiments were performed with the LABaisis LUHS122, LUHS242, LUHS210,
LUHS244, LUHS135, LUHS71, and LUHS245 in combinatwith different concentrations of thyme
EO, which had previous shown the highest antimiadobctivity againstSalmonella(Table 6). It
should be mentioned that it is very important tduee the necessary concentration of EOs, because
EOs possess very intense flavours that may notlagble for animals and thus negatively affect the
feed consumption. When comparing the antimicropiaperties of LAB and EO combination with the
effects of LAB alone, the addition of EOs at thenmentrations of 0.1 and 0.2% reduced the
antimicrobial properties of the mixture (the steaik5, K43, and K76 were not inhibited, while the
inhibition of strain K76 remained similar in comgam with pure LAB). However, the addition of EOs
at the concentrations of 0.5 and 1.0% enhancedathienicrobial properties of the LAB mixture,
compared to LAB strains alone, and the antimicro#ddivity was further improved by increasing the
concentration of EO (the IZ diameters resultingrfr6.5 and 1.0% of EO in combination with LAB
were on average 12.4 and 14.5 mm, respectivelghduld be mentioned that tBalmonellastrain K2
was not inhibited by LAB strains alone or in mix@@arwith EOs at the concentrations of 0.1 and 0.2%,
however, increasing the concentration of EO to 0abfb 1.0% suppressed this strain (the 1Z diameters
were 13.0 and 14.2 mm for LAB in combination with @nd 1.0% of EO, respectively).

At the last stage of this experiment, the antinbab properties of thyme EO at the selected
concentrations were tested against LAB strains IETZp It was established that most of the LAB

strains were inhibited by thyme EO at 0.5 and 1d@centrations, except for LUHS122, LUHS210,
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311  and LUHS245. By using 0.5% of thyme EO, the cowft& AB strains LUHS122, LUHS210, and
312 LUHS245 were reduced by 26.5, 16.7, and 27.8% easly. When using 1.0% of thyme EO, the
313  counts of LAB strains LUHS122, LUHS210, and LUHS2#4&re reduced by 29.2, 44.7, and 43.2%,
314 respectively. Finally, it could be assum8dimonellainhibition was not caused directly by the the
315 viable cells of LAB strains, but rather their meathtes and further studies will be needed to idgnti
316  which metabolites are the most important.

317 The desirable properties of probiotics (PRO) inlpglhave been recognized since Rantala and
318 Nurmi (1973), who observed that the bacteria frdra gut of mature birds can be used for the
319 protection of young chicks from infection. Baba at (1991) published their findings that the
320 composition of several PRO strains is more effecat reducingSalmonellacolonization in chicks
321 than any individual PRO strain. Later it was puldid that PRO comprised of 29 bacterial strains also
322 reduced the amount of recoverat#@almonellafrom chicks (Corrier et al., 1990). Furthermore,
323  anaerobic PRO extracted from caeca suppreSsémionella(lmpey et al., 1984) oBalmonellaand
324  CampylobactefBlankenship et al., 1993; Stern et al., 2001 ;diig et al., 2007).

325 Thomas et al. (2019) published that culture supgamsa from Lactobacillus ingluviestrain
326 UMNPBX19 andLactobacillus salivariustrain  UMNPBX2 exhibited antimicrobial activity
327 againstSalmonella A study by Adetoye et al. (2018) demonstrateditro suppression cfalmonella
328 by intestinal LAB from cattlel(actobacillus amylovoru€94 andLactobacillus salivariusC86). The
329 data published by Burkholder et al. (2019) suggksie protective effect df. acidophilusL.
330 rhamnosus andL. caseiagainstSalmonella enterica JavianaAhmed et al. (2019) concluded that
331 Lactobacillusspecies with PRO properties can be used in potdied formulation for their health
332 benefits to combat gastrointestinal infectionstheir study, 6 out of 2Lactobacillusstrains showed
333 good antimicrobial activities again8. aureus S. typhimurium and E. coli. Our results are in

334 agreement with the aforementioned studies that detraied the ability of some LAB strains to
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suppressSalmonella However, the antimicrobial activity mechanismsL&B can be explained in
different ways. The data published by Zhu et a01@ indicate that the main mechanism of LAB
activity againstSalmonellanfection is mediated by short-chain fatty acid®®CFA) excreted by
theLactobacillus johnsonii531 strain used. Other authors have describedthevgurface proteins of
Lactobacilluskefiri strains 8321 and 83113 ahdctobacillus plantarunstrain 83114 can be used as
alternative means for the control 8&lmonellabiofilm formation in the poultry industry (Lina Migio

et al., 2019). Also, LAB can produce various intoby compounds such as bacteriocins, organic acids,
hydrogen peroxide, diacetyl, and carbon dioxide #ra known to inhibit pathogenic microorganisms
(Vieco-Saiz et al., 2019). Enzymes excreted by Lifkiprove the rates of nutrient absorption, as well
as stimulate the immune system of animals. It wasahstrated that nisin and beta-lactams excreted
by LAB can inhibit theSalmonella enterica serovar TyphimuriuiRishi et al., 2014; Singh et al.,
2014). It should be mentioned that the heterofetaiem®e LAB can produce other metabolites: organic
acids, ethanol, diacetyl, hydrogen peroxided§) etc. (Schnirer and Magnusson, 2005; Elshaghabee
et al., 2016). Results of this study showed thatime viable LAB strains but their metabolites wtre
most important irSalmonellainhibition, and further studies are needed to tifienvhich metabolites

are the most important.

Organic acids excreted by LAB reduce pH, creatimjavorable local microenvironment for
pathogens, resulting in their inhibition and deg@hrendran Nair et al., 2017; Zhitnitsky et al.120
Dittoe et al., 2018). As demonstrated by Wang e{2015) lactic acid concentrations of 0.5% (v/v)
could completely inhibit the growth dalmonellaspp. However, these acids do not affect animal
epithelial cells (Allen and Flemstrom, 2005). Thregence of ethanol excreted from LAB was shown
to result in bacterial cell death due to plasma brame leakage (Ingram, 1989). It was described that
Lb. plantarum Lb. helveticusLb. bulgaricus Ent. faecalis and mainlyLeuc. mesenteroidesndLc.

lactis biovar diacetylactiare the most common LAB species producing diag&@grcia-Quintans et
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al., 2008; Singh, 2018), which interferes with ange utilization by reacting with the arginine-bing
protein of Gram-negative bacteria (Lindgren and m@gbsz, 1990). Also, LAB can create anaerobic
environment by excreting GQand aerobic bacteria cannot propagate in suciraemeent (Singh,
2018). Some strains of LAB are able to produce bgen peroxide (kD.), which can inhibit
pathogens devoid of catalase at low quantitiessueroxide anion chain reaction enhancing toxic
oxidation (Mitchell et al., 2015). However, the iaatterial activity of HO, depends on its
concentration, pH, temperature, and other fac®usgndran Nair et al., 2017).

According to Sadia Ashraf et al. (2018), phytoclmats also can provide alternative options for the
treatment of antibiotic-resistaBtlmonella and it was concluded thidt sativahas the necessaiy-
vitro activity againss. enetricaand thus can be used as a therapeutic agenstudwg with extracts of
natural compounds it was shown that some phengi® tnhatural products possessed evident
antibacterial ability against pathogenic bactekat not against LAB. The most common phenolic
compounds (carvacrdkans-cinnamaldehydey-coumaric acid, eugenol, gallic acid, and rosmarini
acid) exhibit strong antibacterial effects agapethogenic bacteria that are mainly responsibleHer
antibacterial activity of EOs (Chak-LunChan et @8D]18). It was reported that a combination of EOs
obtained fromS. aromaticumand C. zeylanicuminhibited bothS. Enteritidisand S. Typhimurium
isolates. Such antimicrobial activity has beenitaited to the main EO compounds: cinnamaldehyde
and eugenol (Ismail et al., 2017). Cinnamaldehyu#® eugenol are able to inhibit the production of
essential bacterial enzymes due to the preseneecafbonyl group that binds and inactivates them
and/or causes damage to the bacterial cell wall Pasqua et al., 2007). The presence of
cinnamaldehyde and eugenol may enhance the amrlzatffect, as suggested by Burt (2004). EOs
from A. triphylla, C. citratus L. cubeba and M. piperita showed no relevant activity against
Salmonella however, other authors have descriledvitro antibacterial activity of EOs frons.

aromaticumand C. zeylanicumagainst paratyphoicGalmonellastrains (Thanissery et al., 2014;
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Simitzis et al., 2014; Abbes et al., 2018). It basn reported that the EOs of cinnam@mfiamomum
zeylanicurp and thyme Thymus vulgarisproduced the highest activity, with 22.5-38.5 mimibition
zones against fivBalmonellaserotypes (Olaimat et al., 2019). In a differenpleation, the EO of
thyme in combination with cold plasma treatmenttted higher antibacterial activity of plasma-tesht
nanofibers (Lin et al., 2019). EOs could be appfmdthe purposes of facility disinfection, as wa#
added to chicken feed to prevent intestinal colaion with pathogens (Ebani et al., 2019). The
antimicrobial activity data for EOs showed that rttof, eugenol, and carvacrol exhibit strong
antimicrobial activity against botEscherichia coliandSalmonella typhimuriuniBassole and Juliani,
2012; Franz et al.,, 2010; Hippenstiel et al., 20I0hymol, eugenol, and carvacrol have similar
chemical structures and exert synergic antimictobféects (Bassole and Juliani, 2012), but it is
necessary to optimize their formulation (Zhai et 2018). In conclusion, it must be pointed out tha
although there are several viable approaches thiogan control on meat and eggs in the conventional
poultry industry, the selection of acceptable attibrials is much more limited for organic poultry
producers (Arsi et al., 2019). The findings of tlsisidy provide useful data regarding effective

strategies for pathogen control at organic farms.

CONCLUSIONS

The problem with ANB residues still is highly reést in the poultry industries of Germany,
Poland, and Lithuania, despite the fact that ooly ANB concentrations were established (0.46 ug/kg
of enrofloxacin in sample No.8, 0.05 and 16.8 pgikgnrofloxacin and doxycycline, respectively, in
sample No.14, and 2.06 pg/kg of enrofloxacin in g@mo.18). For this reason, there is a ongoing
search for new alternatives to ANB in the poultngustry. The most effective composition for the

control of Salmonellatested in this study consists of thyme EO (1.0%h) whe following LAB strains:
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LUHS122, LUHS242, LUHS210, LUHS244, LUHS135, LUHSANhd LUHS245. However, it should

be mentioned that most of the tested LAB straingeviighibited by thyme EO at the concentrations of
0.5 and 1.0%, except for LUHS122, LUHS210, and LK Finally, it can be noted that further
studies are needed to identify the particular nuditds of LAB that are the most effective agents fo

the control ofSalmonella spp.
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Tables

Table 1. Poultry meat samples.

No. Type of  Country of The country of retalil
poultry origin purchase

1

2

3

4

S Germany

6 Germany
7

8

9

10 Chicken

11 Latvia

12 Lithuania

13 Poland

14 Poland

15 Lithuania

16 Lithuania Lithuania
17 Lithuania

18 Lithuania

19 Lithuania

20 France
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679 Table2. The antibiotic — resistance profile 8&lmonella

Salmonellastrains Antibiotics
Salmonela K2 AMP, KAN, NEO, TET, DOXY, CIP
Salmonela K5 AMP, KAN, NEO, GEN, DOXY
Salmonela K43 AMP, DOXY, CIP, SXT, FUR
Salmonela K72 FUR
Salmonela K76 DOXY, FUR

AMP — ampicillin; KAN — kanamycin; NEO — nheomyciGEN —
gentamicin; DOXY — doxycycline; CIP — ciprofloxa¢iSXT —
sulfamethoxazole/trimethoprim; FUR — nitrofurantoin
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682

683

684
685
686

687

Table 3. Antibiotic residues in poultry meat samples.

No. Type of  Country of The country of  Enrofloxacin Doxycycline
poultry origin retail purchase
Hg/kg
8 Chicken Germany Germany 0.46+0.03 nd
14 Poland Lithuania 0.05+0.01  16.80+0.13
18 Lithuania 2.06+0.05 nd

Values are mean + SD (standard deviation) of trepkcate analyses (n=3).
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688 Table4. The inhibition zones (mm) caused by lactic acidi&aa (LAB) against the testeéshlmonella

689  strains.

Salmo- Diameter of inhibition zone, mm

nella LAB strains

strains 225 122 242 210 51 206 183 29 244 135 71 173 245

K2 nd 14.3 12.3 10.3 nd 10.2 11.0 12.1 11.3 14.2 11.0 nd 14.3
+1.2b +0.3a +0.5a +0.6a +0.9a +0.6a +0.3a +0.2b,c 10.5a +0.5b

K5 nd 12.1 12.0 12.0 nd 14.3 11.0 12.0 12.1 13.3 11.0 nd 14.0
+0.9a +0.3a +1.0a +0.7¢ +0.4a +0.3a +0.5a +0.3b +0.3a +0.3b

K43 nd 13.2 13.3 11.2 nd nd 11.0 12.3 13.2 12.4 12.3 nd 14.0
+0.4a +0.2b +0.9a +0.6a +0.5a +0.3b +0.5a +0.2b +0.5b

K72 nd 13.3 11.3 10.0 nd 12.3 12.3 12.0 13.3 14.0 115 nd 12.3
+0.5a +0.9a +0.7a +1.0b +0.9a +0.3a +0.3b +0.6b +0.3a +0.6a

K76 nd 12.1 11.0 11.3 nd 12.0 nd nd 11.0 13.1 12.3 nd 14.0
+1.1¢ +0.7¢ +1.2¢ +0.7k +0.3¢ +0.3k +0.3k +0.4k

225 -Leuconostoc mesenteroideddHS225 122- Lactobacillus plantrumtUHS122 242 -Enteroccocus pseudoavilthHS242; 210 Lactobacillus
caseiLUHS21Q 51 -Lactobacillus curvatut UHS51; 206 -Lactobacillus farraginid UHS206 183 -Pediococcus pentosaceldHS183 29 -
Pediococcus acidilactidlUHS29 244 -Lactobacillus paracasdiUHS244 135 -Lactobacillus plantarunbUHS135 71 -Lactobacillus coryniformins
LUHS71; 173 -Lactobacillus brevit UHS173 245 -Lactobacillus uvarunb UHS245

Values are mean + SD (standard deviation) of theplicate analyses (n=3).

#°Mean values with different letters are signifidpuiifferent (£0.05).

690
691
692
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693

694

695

696

697

698

essential oils (EOs) against the tessatimonellastrains.

MIC
Salmonella Lactic acid bacteria strains
strains 0.5 mL LAB + 0.01 mL pathogen
225 122 242 210 51 206 183 29 244 135 71 173 245
K43 - - - - - - - + - - - - -
K72 - - - - - - - - - - - - -
K76 - - - - - - - - - - - - -
0.5 mL LAB + 0.1 mL pathogen
K43 - - - - - - - - - ° - - -
K72 - - - - - - - - - - - - -
K76 - - - - - - - - - - - - -
EOs
0.1% Eos + 0.01 mL 0.2% Eos + 0.01 mL 0.5% Eos + 0.01 mL 1% Eos + 0.01 mL
pathogen pathogen pathogen pathogen
Thy Ore Thy Ore Thy Ore Thy Ore
K2 + + + + + + - +
K5 + + - + - + - +
K43 + + - + - + - +
K72 + + + + + + - +
K76 + + - + + + - +

225 -Leuconostoc mesenteroidedHS225 122- Lactobacillus plantrunbUHS122 242 -Enteroccocus pseudoavium
LUHS242; 210 Lactobacillus casdilUHS21Q 51 -Lactobacillus curvatutUHS51 206 -Lactobacillus farraginid UHS206

183 -Pediococcus pentosaceuldHS183 29 -Pediococcus acidilactidlUHS29 244 -Lactobacillus paracasdiUHS244

135 -Lactobacillus plantarunbUHS135 71 -Lactobacillus coryniformink UHS71; 173 -Lactobacillus brevie UHS173 245

- Lactobacillus uvarunhUHS245; Thy -Thymus vulgarisQre -Origanum vulgare L
Values are mean + SD (standard deviation) of treplicate analyses (n=3).

MIC — minimal inhibitory concentration.

(-) — the pathogens did not grew, (+) — the pathogeos.gr

Table 5. The minimal inhibitory concentrations (MIC) of thetic acid bacteria (LAB) strains and
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699
700 Table6. The inhibition zones (mm) of the lactic acid baiet€L AB) strains and thyme (Thy) essential

701 oil (EO) compositions against the testalmonellastrains.

Inhibition zone, mm
Salmonella  LAB strains LAB strains and Thy EO LAB strains and Thy EO  LAB strains and Thy EO  LAB strains and Thy EO

strains composition composition (0.1 % EOs) composition (0.2 % EOs)  composition (0.5 % EOs) composition (1 % EOs)
K2 nd nd nd 13.0+0.2 14.2+0.3
K5 10.0+0.3 nd nd 12.5+0.3 15.0+0.2
K43 11.0+0.1 nd nd 11.2+0.1 15.4+0.5
K72 10.5+0.4 nd nd 12.0+0.3 14.140.3
K76 10.x0.2 10.z0.1 10.(z0.3 13.540.2 14.+0.4
Images
1-LAB strains and Thy EO composition (0.5 % Salmonellak2 SalmonellaK5

EOs); 2 — LAB strains and Thy EO composition
(1.0 % EOs); 3 — LAB strains and Thy EO
composition (0.2% EOs); 4 — LAB strains and
Thy EO composition (0.1 % EOs); 5 — LAB
strains composition

SalmonellaK43 Salmonell&K72 SalmonelleK76
LAB - Lactic acid bacteria; EO — essential oil; Thirhymus vulgaris.
Lactic acid bacteria composition consists of LUHSUAJHS242, LUHS210, LUHS244, LUHS135, LUHS71, LUMS strains (122Lactobacillus
plantarumLUHS122 242 -Enteroccocus pseudoaviuyHS242; 210 Lactobacillus caseilUHS21Q 244 -Lactobacillus paracasdiUHS244 135 -
Lactobacillus plantarunhUHS135 71 -Lactobacillus coryniforminb UHS71; 245 -Lactobacillus uvarunb UHS245).
Values are mean + SD (standard deviation) of theplicate analyses (n=3).
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704  Table7. The effect ofThymus vulgarigssential oil (EO) influence on lactic acid baetéLAB)

705 inhibition.

Lactic acid bacteria strains
LUHS LUHS LUHS LUHS LUHS LUHS LUHS LUHS LUHS LUHS LUHS LUHS LUHS
122 244 210 242 245 135 71 183 51 29 225 206 173
logso cfu mL™
0.5mL LAB 8.26 8.32 7.47 7.99 7.30 7.09 7.35 7.59 7.62 7.50 7.61 6.22 7.93

+ + + + + + + + + + + + +
0.03 0.04 0.02 0.07 0.06 0.05 0.04 0.01 0.06 0.02 0.03 0.02 0.04
0.5 mL LAB 6.22 nd nd nd nd nd nd nd nd nd
6.07 5.27
+ Thy EO " +
et + nd +
composition 0.6 0.06 0.01
(0.5 % EOs) ' '
0.5 mL LAB 5.85 nd 4.13 nd 4.15 nd nd nd nd nd nd nd nd
+ Thy EO + + +
composition 0.06 0.04 0.03

(1.0 % EOs)

LAB - Lactic acid bacteria; EO — essential oil; TAyhymus vulgaris

LUHS122 - Lactobacillus plantrum;LUHS244 - Lactobacillus paracaseilUHS210 - Lactobacillus caseiLUHS242 -Enteroccocus pseudoavium;
LUHS245 - Lactobacillus uvarumiUHS13- Lactobacillus plantarumLUHS71 - Lactobacillus coryniforminsLUHS206 - Lactobacillus farraginis;
LUHS29 - Pediococcus acidilacticiLUHS183 - Pediococcus pentosaceust)HS225 - Leuconostoc mesenteroiddd;JHS173 - Lactobacillus brevis;
LUHS51- Lactobacillus curvatus

706

707

37



708

709

Table S1. The characteristic data for mass spectrometricctieteof antibiotics.

Retention time

CEl

CE2

No Compound Antibiotic class (min) SRM1 (m/2) (V) SRM2 (m/2) (V)
1 Amoxicillin Penicillins 1.3 366—349 11 366—114 20
2 Ampicillin Penicillins 6.4 356-106 20 356-160 15
3 Bacitracin Peptides 10.1 712199 35 475.25199 25
4 Cefacetrile Cephalosporins 2.6 357—156 13 357—-280 20
5 Cefalexin Cephalosporins 7.1 380—198 18 380—-106 18
6 Cefalonium Cephalosporins 33 459152 30 459337 14
7 Cefapirim Cephalosporins 2.1 424124 35 424292 20
8 Cefazolin Cephalosporins 6.3 455156 30 455323 18
9 Cefoperazone Cephalosporins 7.5 646143 40 646—530 20
10 Cefquinome Cephalosporins 43 529134 25 265134 25
11 Ceftiofur Cephalosporins 9.3 524210 25 524241 20
12 Chlortetracycline Tetracyclines 7.8 479444 21 479462 20
13 Ciprofloxacin Quinolones 6.2 332,288 22 332314 15
14 Cloxacillin Penicillins 10.4 468160 25 468436 20
15 Danofloxacin Quinolones 6.6 358255 42 358340 20
16 Dicloxacillin Penicillins 10.4 470160 20 470311 25
17 Difloxacin Quinolones 7.0 400356 23 400382 23
18 Doxycycline Tetracyclines 9.2 445-321 45 445428 20
19 Enrofloxacin Quinolones 6.5 360—-245 24 360—316 20
20 Erythromycin Macrolides 10.2 734.4-158 20 734.4-576 33
21 Flumequine Quinolones 9.8 262-202 10 262244 20
22 Josamycin Macrolides 10.5 828174 30 861109 34
23 Kitasamycin Macrolides 10.2 805—-109 45 805-174 40
24 Lincomycin Lincosamide 3.7 407126 25 407—359 16
25 Marbofloxacin Quinolones 4.7 363—320 14 363—-276 14
26 Nafcillin Penicillins 10.6 415199 20 415-171 40
27 Nalidixic acid Quinolones 9.6 233-187 26 233-215 15
28 Neospiramycin Macrolides 8.5 366—174 20 350174 20
29 Norfloxacin Quinolones 5.9 320-27¢ 20 32030z 15
30 Novobiocin Other antibiotics 11.6 635—41¢ 20 613.5-18¢ 20
31 Orbifloxacir Quinolone 6.€ 39€6—295 22 39€6—352 27
32 Oxacillin Penicillins 10.3 402-160 20 402243 30
33 Oxolinic acid Quinolones 8.6 263217 35 263—245 25
34 Oxytetracycline Tetracycline 5.4 461—426 20 461—443 2C
35 Penicillin G Penicillins 6.0 335-128 32 335-176 30
36 Penicillin V Penicillins 8.5 351114 40 351-160 20
37 Pirlimycin Lincosamid: 9.2 411112 35 411362 26
38 Rifaximin Rifamycins 10.9 786.5-754 22 787.5-755 50
39 Sarafloxacin Quinolones 9.0 386—342 22 386—299 28
40 Spiramycin Macrolides 8.0 422174 30 422350 12
41 Sulfachloropyridazine Sulphonamides 5.1 285-156 16 285-92 33
42 Sulfadiazine Macrolides 1.4 25192 30 251156 18
43 Sulfadimethoxine Sulphonamides 8.4 311156 25 311108 35
44 Sulfadimidine Sulphonamides 4.0 279-124 23 279186 20
45 Sulfadoxine Sulphonamides 6.3 311108 27 311156 20
46 Sulfamerazine Sulphonamides 2.4 265-156 20 265-172 18
a7 Sulfamethiazole Sulphonamides 4.0 271156 14 27192 28
48 Sulfamonomethoxine Sulphonamides 5.8 281108 25 281156 20
49 Sulfanilamide Sulphonamides 6.1 172156 10 172-108 15
50 Sulfathiazole Sulphonamides 1.9 25692 30 256156 15
51 Tetracycline Tetracyclines 5.4 445154 30 445410 20
52 Thiamphenicc Amphenicol: 3.€ 35€—22¢ 30 35€—30¢ 2C
53 Tiamulin Pleuromutilins 10.1 494192 20 494-11¢ 35
54 Tildipirosin Macrolides 4.5 637.6-174 35 637.6-464 35
55 Tilmicosin Macrolide: 9.€ 435—696.5 20 435..-99 25
56 Trimethoprim Other antibiotics 4.3 291-110 30 291123 30
57 Tulothromycin A Macrolides 7.3 806—420 35 806577 20
58 Tylosin Macrolide: 10.1 917174 35 917-772.6 26
59 Tylvalosin Other antibiotics 10.7 1043-174 40 1043-109 45
60 Valnemulin Other antibiotics 10.6 565-147 40 565—263 20
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