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Antimicrobial agents are commonly used in animal
farming to cure or prevent bacterial infections. Their
application for several years at subtherapeutic doses
as growth enhancers in farm animals has led to the
selection of antibiotic-resistant bacteria in the intesti-
nal microflora (11, 28). Foodborne commensal bacte-
rial populations may become reservoirs of antibiotic
resistance genes that could be transferred horizontally
to opportunistic and pathogenic bacteria (13). This
is a worldwide public health problem of increasing
importance. In recent years, increased attention has
been given to food as a vehicle of antibiotic resistance
genes (10, 16, 21, 22). Fermented dairy products may
provide a vehicle for antibiotic-resistant bacteria, with
a direct link between the animals� indigenous flora and
the human gastrointestinal tract (22).

Lactic acid bacteria (LAB) from fermented products
may act as a reservoir of antimicrobial resistance
genes that could be transferred to pathogens, either in
the food matrix or in the gastrointestinal tract (11, 15).
Lactococci belonging to the lactic acid bacteria are the
primary component of many industrial and artisanal

starter cultures used for the manufacture of a wide range
of fermented dairy products, including fresh and soft
cheeses, as well as various hard and semihard cheeses
(29). They naturally occur in grass and in the mouths
and udders of cows. They can be transferred to milk
during milking and are found in some cheese speciali-
ties made from raw milk. Since antibiotics are widely
used in dairy cows to prevent or treat infectious
diseases like mastitis and metritis, Lactococcus may
acquire antibiotic resistance, survive antimicrobial
treatments, and subsequently act as a reservoir of
antibiotic resistance genes for other bacteria (30).

White pickled cheese, which is a soft or semi-hard
cheese, is probably the most popular and economically
the most important variety of traditional cheese in
Turkey (18). The second most popular cheese in Tur-
key is Kashar, a semi-hard cheese, of which around
49,000 tons is produced every year (5). These cheese
varieties are produced from raw or pasteurized ewe�s
milk or a mixture of cow�s and ewe�s milk and mostly
from cow�s milk (1, 17). In the traditional manufacture,
cheese milks were not subjected to pasteurization, and
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Summary
Lactococcus lactis strains isolated from traditionally produced Turkish White Pickled (22 strains) and Kashar

cheeses (18 strains) were examined for susceptibility to a range of antibiotics, including ampicillin, amoxicillin/
clavulanic acid, vancomycin, oxacillin, penicillin G, cefotaxime, ciprofloxacin, gentamicin, streptomycin,
tetracycline, erythromycin, trimethoprim, chloramphenicol, clindamycin and rifampicin, by the disc diffusion
method. Susceptibility to ampicillin, amoxicillin-clavulanic acid, vancomycin and chloramphenicol, and
resistance to oxacillin antibiotics were observed in all strains tested. The susceptibility to the other antibiotics
was variable and strain-dependent. Only one strain exhibited resistance to erythromycin. All strains were
resistant to more than one of the antibiotics tested, and the greatest number of strains were resistant to
oxacillin, ceftazidime, streptomycin and clindamycin. A multiple antibiotic resistance profile revealed that
most of the strains (92.5%) were resistant to three to seven antibiotics, whereas one strain demonstrated
resistance to two antibiotics. The highest resistance was found in two strains isolated from White Pickled
cheese, of which one was resistant to eight and the other to nine antibiotics. Our findings reveal a high level of
antibiotic resistance among the strains of L. lactis and emphasize the need for prudent use of antibiotics.
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Tab. 1. Antibiotic susceptibility profiles of L. lactis from traditional raw milk cheeses

Explanations: AMP � ampicillin; P � penicillin G; AMC � amoxicillin/clavulanic acid; VA � vancomycin; OX � oxacillin; CTX �
cefotaxime; CAZ � ceftazidime; CIP � ciprofloxacin; CN � gentamicin; S � streptomycin; TE � tetracycline; E � erythromycin; W �
trimethoprim; C � chloramphenicol; DA � clindamycin; RD � rifampicin; a � resistant, b � moderately susceptible, c � susceptible
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the bacteria originating from raw milk and dairy envi-
ronment were involved in the natural ripening process.
Fermented dairy products that are not heat-treated prior
to consumption may provide a vehicle for the transfer
of antibiotic-resistant bacteria to humans, and there-
fore it is necessary to study microbial resistance to
antibiotics in these products (24). The aim of this work
was to evaluate the resistance of L. lactis strains ob-
tained from traditionally produced Turkish cheeses to
a range of antibiotics.

Material and methods
Bacterial strains and growth conditions. Bacterial

strains used in this study are shown in tab. 1. A total of 40
Lactococcus strains, 35 belonging to L. lactis subsp. lactis
and 5 belonging to L. lactis subsp. cremoris, that had been
isolated from White Pickled/Kashar cheeses and identified
for their technological traits were used (9). Stock cultures
were kept frozen (�20°C) in M17 broth (Merck, cat. no.
1.15029) containing 20% (v/v) glycerol. The cultures were
activated in M17 broth at 30°C before use.

Antibiotic susceptibility testing. Since no standards
exist for the susceptibility testing of LAB, a modified
version of the standard disk diffusion method (3) with M17
medium (Merck) was used (24). Single colonies of Lacto-
coccus species picked from fresh cultures on M17 agar
(Merck, cat. no. 1.15108) and incubated aerobically at 30°C
for 48 h were used to inoculate a mixed formulation of
90% Mueller-Hinton broth (MHB, Oxoid cat. no. CM405)
and 10% M17 broth (Merck, cat. no. 1.15029). When the
broth culture reached the 0.5 McFarland standard turbidity
at 30°C, cultures were streaked with a cotton swab over
4 mm thick agar plates containing a mixed formulation
of Mueller Hinton agar (MHA, Oxoid cat. no. CM337)
supplemented with 10% M17 dehydrated broth and pH
adjusted to 6.7. Antibiotic disks were placed aseptically on
the agar surface, and plates were then incubated at 30°C
for 24 to 48 h. After incubation, the results were recorded
by measuring inhibition zones and expressed as resistant
(R), moderately susceptible (M) and susceptible (S) by
following the cut-off levels proposed by Charteries et al.
(7). Staphylococcus aureus ATCC® 25923 was used as
a positive reference strain.

Antibiotics used and their concentrations were as
follows: ampicillin (AMP; 10 µg), penicillin G (P; 10 U),
amoxicillin/clavulanic acid (AMC; 20/10 µg), vanco-
mycin (VA; 30 µg), oxacillin (OX; 1 µg), cefotaxime (CTX;
30 µg), ceftazidime (CAZ; 30 µg), ciprofloxacin (CIP;
5 µg), gentamicin (CN; 10 µg), streptomycin (S; 10 µg),
tetracycline (TE; 30 µg), erythromycin (E; 15 µg), trime-
thoprim (W; 5 µg), chloramphenicol (C; 30 µg), clinda-
mycin (DA; 2 µg) and rifampicin (RD; 5 µg) (Oxoid,
Basingstoke, UK).

The MIC of erythromycin was determined by the E test
(AB Biodisk, Solna, Sweden) following the manufacturer�s
instructions. Since no cut-off values have been officially
defined for LAB, the breakpoints established by the
FEEDAP Panel of the European Food Safety Authority
(EFSA) were used as a reference (4).

Results and discussion
The use of antibiotics in veterinary medicine as

therapeutics, prophylactics and animal growth promo-
ters has resulted in the appearance of resistant strains
(2). Beneficial and commensal bacteria may play an
important role in the transfer of antibiotic resistance
elements to pathogenic and opportunistic bacteria (27).
LAB have acquired the �Generally Regarded as Safe
(GRAS)� status and are used as starter cultures in the
fermentation process of different foods (21). Several
investigators have recently speculated that LAB iso-
lated from foods may act as reservoirs of antibiotic
resistance characters (6, 13, 14, 20, 25, 30).

In the present study, 40 L. lactis strains isolated from
raw milk cheeses have been submitted to antibiotic
susceptibility test. Thirty five of the isolates examined
belonged to the subspecies lactis, and only five were
subspecies cremoris. Cheriguene et al. (8) reported that
L. lactis subsp. lactis was more frequently isolated than
L. lactis subsp. cremoris in raw goat�s milk samples.
In addition, it was indicated by Sanchez et al. (26) that
all lactococci isolates from cheeses manufactured from
raw cow�s milk belonged to the subspecies lactis. Anti-
biotic susceptibility/resistance pattern of L. lactis strains
is shown in tab. 1.

All Lactococcus strains displayed susceptibility to
ampicillin, amoxicillin/clavulanic acid, vancomycin
and chloramphenicol, whereas broad susceptibility was
observed to ciprofloxacin and erythromycin antibio-
tics. This is consistent with reports in which suscepti-
bility to ampicillin, amoxicillin/clavulanic acid and
chloramphenicol is reported for lactococci strains (14,
19, 20, 23, 30). On the other hand, Ram et al. (23)
reported that 16% of Lactococcus isolates recovered
from raw buffalo milk were resistant to ampicillin.
As confirmed previously, vancomycin susceptibility is
a general attribute among lactococci strains (14, 15,
19, 24, 30).

A certain degree of resistance to some of the anti-
biotics tested was detected (tab. 2). The number of
resistant strains was the highest for oxacillin (n = 40),
followed by ceftazidime (n = 37), streptomycin (n =
37), clindamycin (n = 19) and rifampicin (n = 15). Only
one L. cremoris strain was resistant to erythromycin.
The MIC value for the erythromycin-resistant cremoris
strain was calculated to be 256 µg/ml, which allowed
us to classify this strain in the resistant category. Inter-
estingly, only one lactis strain was also found to be
resistant to trimethoprim.

Resistance to erythromycin, clindamycin and tetra-
cyclin was also found by Walther et al. (30) and Florez
et al. (15), and resistance to streptomycin by Florez et
al. (14). The finding that most strains (n = 19) were
resistant to clindamycin, differs from those of Elliott
and Facklam (12), who reported that L. lactis strains
isolated from humans were susceptible to clindamy-
cin. This finding also differs from a previous report in
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which a low resistance (n = 1) to this antibiotic was
reported in lactococci isolated from raw milk cheeses
(24). We found that 15 out of 40 L. lactis strains were
resistant to rifampicin. Liu et al. (20) documented that
all L. lactis isolates were resistant to this antibiotic.
Twenty percent of lactococci examined by Ram et al.
(23) displayed resistance to penicillin. In contrast to
this finding, we found no resistance to this antibiotic:
33 and 7 strains were classified as moderately suscep-
tible and susceptible, respectively.

All strains displayed resistance to more than one
antibiotic, and most of them (92.5%) were found to
carry multiple resistance phenotypes against 3 to 7 dif-
ferent antibiotics (tab. 3). The lactis strains 42 and 62,
showing resistance to 8 and 9 antibiotics respectively,
had the highest resistance.

Conclusions
The present work reports information about the

prevalence of antibiotic resistance in L. lactis isolates
(belonging to the subspecies lactis
and cremoris) from White Brined and
Kashar cheeses, made from raw milk
without the addition of starter cultu-
res in Turkey. Our findings reveal
high levels of resistance to a variety
of antibiotic agents and the presence
of multi-resistant bacterial isolates
among natural L. lactis isolates, where-
by raw milk cheeses can be reservoirs
of antibiotic-resistant lactococci. To

prevent the spread of resistance, strict control over the
use of antibiotic agents in farming practice is essential.
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