ﬂ Food Processing and Preservation Journal

Print ISSN: 2322 - 2069
Online ISSN: 2322 - 2794 Iranian As:::.:.:f:;zvl:;:iScmnnsls

Evaluation of antimicrobial and antibiotic resistance properties
of microbial community in a traditional cheese

Nafiseh Davati'”

1 Assistant Professor, Department of Food Science and Technology, Bu-Ali Sina University, Hamedan, Iran,
Email: n.davati@basu.ac.ir

Avrticle Info ABSTRACT
Avrticle type: Background and objectives: The presence of antibiotic-resistant genes in
Research Full Paper local cheeses is not desirable due to the risk of gene migration, increased
resistance to antibiotics in consumers, and therefore no effectiveness of
Article history: related drugs during the treatment period. Recently, the studies showed that
Received: 2021-10-25 the demand of local cheeses made from raw milk have increased. However,
Revised: 2021-12-05 there is a concern that consumption of these cheeses could increase the risk
Accepted: 2022-2-23 of antibiotic-resistant genes transfer through bacteria especially
Enterococcus spp. to consumers. Certainly, traditional fermented products
Keywords: may contain intrinsic microbial flora with unique useful properties,
Enterococcus

including the production of antimicrobial metabolites and resistance to
Antibiotics resistance phageg, \_/vhich is very important fo_r thg dairy industry. The a_bility of
Antimicrobial bacteriocin production by the microbial flora that responsible for
Cheese fermentation of cheeses obtained from raw milk is very important because
it prevents the growth of pathogenic bacteria. Therefore, the aims of this
study were the evaluation of the presence of antibiotic-resistant microbial
flora of local cheeses made from raw milk and the investigation of their
useful properties such as production of antimicrobial metabolites.

Metagenomic

Materials and methods: Cheese made from raw milk was produced based
on a traditional recipe. For isolation of Enterococcus spp., KAA agar was
used, followed by incubation for 48 h at 37°C. The serial dilution of cheese
was carried out until the final dilution of 10® in sterile ringer solution. For
isolation of Enterococcus spp., a 100 ul of diluted sample was cultured on
KAA agar, then incubated for 48 h under anaerobic conditions at 37°C.
The catalase-negative and Gram-positive isolates were phenotypically
distinguished at genus level using physiological tests (growth at salt
concentrations 6.5% and 18%, pH 9.6 and 4.4, temperatures 10°C and
45°C and gas production). After phenotypic detection of isolates at genus
level, culture-dependent characterization through PCR and subsequently
sequencing was carried out. DNA extracted from cheese was proliferated
and sequenced by NGS technique. The metagenomics data were processed
for phage resistance, antibiotic resistance, bacteriocin and antioxidant
components production. Furthermore, antibiotic resistance of isolates and
antimicrobial properties of cell free supernatant (CFS) from cheese were
evaluated.

Results: A total of 20 bacteria were isolated from cheese and molecularly
identified as Enterococcus malodoratous (60%), Enterococcus faecalis
(5%), Enterococcus duran (5%), and Enterococcus spp. (30%). Also, the
metagenomic analysis showed that Enterococcal community of cheese
include Enterococcus malodoratous (72%), Enterococcus faecalis (6%),
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Enterococcus italicus (13%), Enterococcus spp. (10%) and its microbiome
was resistance to antibiotics and bacteriophages and had the production
potential of antioxidant compounds and antimicrobial compounds such as
plantaricin. Moreover, laboratory tests confirmed antibiotics resistance and
antimicrobial properties of isolates.

Conclusion: This study showed that some local cheeses can be responsible
for transferring antibiotic-resistant genes to humans and consumption of
these cheeses should be limited.
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1. Lactic acid bacteria
2. Lactococcus lactis subsp. lactis
3. Lactococcus lactis subsp. cremoris
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2. One-way ANOVA with repeated measures
3. Cell-free supernatant

4. Escherichia coli

5. Salmonella typhi

6. Bacillus cereus

7. Staphylococcus aureus
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Table 1. Results of metagenomics analysis on antibiotic resistance of bacteria

Classification

Confers Resistance To

Antibiotic target protection protein; tetW,
tetM, tetS

tetracycline,  doxycycline,  minocycline,  chlortetracycline,
demeclocycline, oxytetracycline, tetracycline antibiotic

Determinant of beta-lactam resistance; ADC
beta-lactamase ~ without  carbapenemase
activity

cephalosporin

Determinant of beta-lactam resistance; OXA
beta-lactamase

cephalosporin, penam

determinant of aminoglycoside resistance;
aadA27

spectinomycin, streptomycin, aminoglycoside antibiotic

Efflux pump complex or subunit conferring
antibiotic resistance; ImrD

lincosamide antibiotic, macrolide antibiotic, fluoroguinolone
antibiotic, cephalosporin, penam, tetracycline antibiotic, peptide
antibiotic, acridine dye, rifamycin antibiotic, pleuromutilin
antibiotic, nitroimidazole antibiotic

Efflux pump complex or subunit conferring
antibiotic resistance; Acinetobacter baumannii
AbaF

fosfomycin, macrolide antibiotic, fluoroguinolone antibiotic,
lincosamide antibiotic, cephalosporin, glycylcycline, bicyclomycin,
penam, nucleoside antibiotic, tetracycline antibiotic, peptide
antibiotic, acridine dye, oxazolidinone antibiotic, rifamycin
antibiotic, diaminopyrimidine antibiotic, phenicol antibiotic,
isoniazid, benzalkonium chloride, rhodamine, antibacterial free
fatty acids, nitroimidazole antibiotic

Efflux pump complex or subunit conferring
antibiotic resistance; Acinetobacter baumannii
AbaQ

fluoroquinolone antibiotic, macrolide antibiotic, lincosamide
antibiotic, fosfomycin, cephalosporin, glycylcycline, bicyclomycin,
penam, nucleoside antibiotic, tetracycline antibiotic, peptide
antibiotic, acridine dye, oxazolidinone antibiotic, rifamycin
antibiotic, diaminopyrimidine antibiotic, phenicol antibiotic,
isoniazid, benzalkonium chloride, rhodamine, antibacterial free
fatty acids, nitroimidazole antibiotic

Efflux pump complex or subunit conferring
antibiotic resistance; adeK, adelJ, adel, adeG,
adeH, adeF, adeA.

antibiotic molecule

Efflux pump complex or subunit conferring
antibiotic resistance; abeS

erythromycin, novobiocin, macrolide antibiotic, aminoglycoside
antibiotic, tetracycline antibiotic, aminocoumarin antibiotic,
phenicol antibiotic

Efflux pump complex or subunit conferring
antibiotic resistance; abeM

ciprofloxacin, acriflavine, norfloxacin, ofloxacin, fluoroquinolone
antibiotic, triclosan, glycylcycline, tetracycline antibiotic, acridine dye

Protein(s) and two-component regulatory
system modulating antibiotic efflux; adeN,
adeL

antibiotic molecule

(AL 5 4 pslie 55 tetW, tetM, tetS) g 5 4 cuylis p55 lgome s gad Y Yo
Figure 3. Pie chart of genome content of antibiotics resistance.

V€)Y



V€Y Y b)m NE 8,92 cu.ﬂ.i.é b‘,o d,‘.\.@iﬁ,d;gi)ﬁ

Enterococcus malodoratus
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Figure 4. Antibiotic resistance of Enterococcus spp.
ox: Oxacillin, er: Erythromycin, te: Tetracycline, am:Ampicillin, pe: Penicillin, ch: Chloramphenicol, v: Vancomycin
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Table 2. Ontology analysis of genes in cheese microbial community

Biological function

GO id biological

Defense response: antimicrobial peptide activity | defence response/ Reactions, triggered in
response to the presence of a foreign body or the occurrence of an injury, which result in
restriction of damage to the organism attacked or prevention/recovery from the infection
caused by the attack.

G0:0006952

Defense response to bacterium: (plantaricin; Lactobacillus plantarum-Bacteriocin
plantaricin-A; Reactions triggered in response to the presence of a bacterium that act to
protect the cell or organism.

G0:0042742

Extracellular region: Bacteriocin plantaricin ASM1; Lactobacillus plantarum

G0:0005576

Defense response to other organism: Reactions triggered in response to the presence of
another organism that act to protect the cell or organism from damage caused by that
organism.

G0:0098542

Response to antibiotic: antibiotic susceptibility/resistance: Any process that results in a
change in state or activity of a cell or an organism (in terms of movement, secretion,
enzyme production, gene expression, etc.) as a result of an antibiotic stimulus.

G0:0046677

Response to virus: Any process that results in a change in state or activity of a cell or an
organism (in terms of movement, secretion, enzyme production, gene expression, etc.) as a
result of a stimulus from a virus.

G0:0009615

Defense response to virus: Reactions triggered in response to the presence of a virus that
act to protect the cell or organism

G0:0051607

Decarboxylase // carboxy-lyase activity: Enzyme that belongs to the lyase family and
which catalyzes the spliting of CO(2) from the carboxylic group of amino acids, beta-keto
acids and alpha-keto acids.

G0:0016831

Molecular function

GO id molecular

Antioxidant activity: Inhibition of the reactions brought about by dioxygen (O2) or
peroxides. Usually, the antioxidant is effective because it can itself be more easily oxidized
than the substance protected. The term is often applied to components that can trap free
radicals, thereby breaking the chain reaction that normally leads to extensive biological
damage.

G0:0016209
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