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Abstract. About 60 species of lactic acid bacteria (LAB) are used or are suitable for the use
by food industry. Most of them are used for the production of the well accepted by the consumers
fermented food products, probiotic products and biologically active supplements. Majority of the
technologically used microorganisms getting in the gastrointestinal tract with food can survive in it
and there they interact with its commensal and transient micro flora, including horizontally
transferring genes. However, there are very few informations about the spectrum of antibiotic
resistance as well as about the nature of the detectable resistance of LAB used by food industry.
This communication presents the results of antibiotic resistance study of 30 strains of
Lactobacillus. The studied LAB strains were isolated from the food products consumed in Russian
Federation. The sensitivity of the studied strains to antibiotics was tested by using agar diffusion
method with paper disks containing doxycycline, streptomycin, gentamicin, tetracycline,
ciprofloxacin, lincomycin, chloramphenicol, vancomycin, erythromycin, imipenem, ampicillin and
cefalotin. Among the strains isolated from commercially prepared foods — 87.5 % were resistant to
vancomycin, what may be due to gene transmission mechanism. The next phase of planed research
will be devoted to molecular identification of genetic determinants resistance in food isolates of
Lactobacilli.

Keywords: Antibiotic resistance; Lactic Acid Bacteria (LAB); fermented milk products “non
commercial” strains.

Introduction. Russian food industry presently uses about 60 species of lactic acid bacteria
(LAB). They are used for the production of the well accepted by Russian consumers fermented food
products, probiotic foods and biologically active additives.

Most of the technologically useful LAB getting into the gastrointestinal tract with food, can
survive in it and there they may interact with its commensal and transient micro flora exchanging
sometimes genes.

The evolution of antibiotic resistant food borne pathogens has been amply documented in
recent years (Teuber and Perreten, 2000; Threlfall et al., 2000; White et al., 2002).

Antibiotic resistance has been shown to occur rarely in bacteria collected before the antibiotic
era (Hughes and Datta, 1983). It was shown that lactobacilli could potentially serve as both donors
and recipients of the genes that confer the resistance to antibiotics. They can also be recipients of
genes of virulence factors discovered also in pathogenic bacteria (Mathur, Singh, 2004). Shortly
after the introduction of each new antimicrobial compound, emergence of antimicrobial resistance
is observed (Levy, 1997).
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It is known that many bacteria from genus Lactobacillus are sensitive to clinically used
antibiotics such as penicillin, ampicillin, erythromycin, chloramphenicol, kanamycin, but they are
resistant to polymyxin, gentamicin (Danielsen and Wind, 2003). Multi Drug Resistances (MDR) of
lactobacilli was detected in these strains to be associated with resistance to phages, heavy metals
and biocides (Wang and Lee, 1997). Resistances to antimicrobial agents are observed in all kinds of
LAB. Consequently, it is important to consider this during approval of the use of LAB strains by the
industry.

However, very few information about the spectrum of antibiotic resistance as well as about
the nature of detectable resistance to antibiotics of LAB used by Russian food industry are
available. For example, pathogens may harbor extra chromosomal DNA, determining some
features of metabolism, as well as antibiotic resistances (Nicas et al., 1989; Johnson et al., 1990;
Woodford et al., 1995). R-plasmids do not exist in LAB but LAB may harbor extra chromosomal
DNA what determines some aspects of metabolism, as well as antibiotic resistance. Thus, all the
plasmids of L. acidophilus have a molecular weight larger/smaller than 5 MD. It is believed that
these plasmids are unable of independent infection/migration, since lactobacilli do not possess
pilis necessary for conjugation.

The purpose of this study was to evaluate the phenotypic sensitivity of Lactobacillus strains
used and proposed to be used for production of probiotic dairy products and dietary supplements
of foods by Russian industries in respect to the most widely used in medicine antimicrobials.

Materials and methods. We tested the strains of LAB, forming part of technological micro
flora of industrially manufactured fermented milk products and food supplements, as well as so-
called “wild” strains, isolated from naturally fermented products (home-made cottage cheese and
milk drinks, pickled vegetables and fruits — fermented apples, sour cabbage), obtained also from
non industrial producers.

30 cultures of Lactobacillus genus, isolated by a double dilution technique on MRS broth
were studied. Taxonomic characterization of the studied strains was achieved by an analysis of
cultural morphological and biochemical properties with the use of panels, containing 49 APl CHL
50 (BioMerieux, France) tests. According to the obtained results of biochemical identification, the
studied strains could be classified in 8 species.

The sensitivity of studied strains to antibiotics was tested by agar diffusion. The discs coated
with  doxycycline, streptomycin, gentamicin, tetracycline, ciprofloxacin, lincomycin,
chloramphenicol, vancomycin, erythromycin, imipenem, ampicillin, cefalotin were placed on agar.
Agarized MRS broth was poured into 90 mm diameter and 20 ml volume Petri dishes to obtain a
4.0 £ 0.5 mm high horizontal agar layer. Suspensions of dairy cultures (5 x 108 cfu/ml) were
applied on the agar surfaces. Four to five antibiotic-coated disks were placed on the agar surface 15
min after its inoculation with the tested LAB suspension. The Petri dishes were incubated over 18-
24 h. Sizes of LAB growth inhibition areas were used according to as relevant criteria of antibiotic
resistance/sensitivity.

The studied cultures were subdivided into sensitive (S), intermediate resistant (IS), resistant
(R) on the basis of the observed inhibition area.

Results and Discussion. As shown in Table 1, 44 % of cultures, isolated from industrially
prepared products were sensitive to studied antibiotics.

Among the resistant cultures, 21 % and 12.5 %, respectively, were considered as
intermediately resistant, what implies the formation of transmissible antibiotic resistance in these
cultures.
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Table 1. Sensitivity of lactobacilli, isolated from industrial and manufactured natural fermented

products
Antimicrobial Number of cultures from the studied ones (abs., %)
agent Industrially manufactured products, n | Naturally fermented products, n =
=24 6
(] - c (5] +— c
2 E> 5§ |8 = E> 5|8
37 S0 O 2 §7) S0 Bhl|.2
c 28 3 f S 28 | B
& £35 ¢ X o & £35 2| @~
Vancomycin 2/24 (8,3 |1/24(4,2%) | 21/24 (875|0 0 6/6 (100 %)
%) %)
Chloramphenicol 19/24 3/24 (12.5%) | 2/24 (8.3%) | 6/6 (100 |0 0
(79.2 %) %)
Gentamicin 0 4/24 (16.7%) | 20/24 (833 |1/6 (16,7 |0 5/6 (83.3 %)
%) %)
Streptomycin 0 1/24 (42%) | 23/24 (958 |0 0 6/6 (100 %)
%)
Erythromycin 17/24 (71 | 5/24 (21%) | 2/24 (8 %) 6/6 (100 | O 0
%) %)
Lincomycin 10/24 7/24  (29.2 | 7/24(29.2%) | 6/6 (100 | O 0
(41.6 %) %) %)
Cefalotin 2/24 (8 %) | 18/24 (715%) | 4/24 (17%) | 1/6 (16,7 | 5/6 (83.3 |0
%) %)
Tetracycline 20/24 2/24 (8.3%) | 2/24(83%) |6/6 (100 |0 0
(83.4 %) %)
Ampicillin 6/24 (25 | 16/24 (66.6 | 2/24(8.4%) | 6/6 (100 | O 0
%) %) %)
Imipenem 22/24 1/24 (4.2 %) | 1/24 (4.2 %) 6/6 (100 |0 0
(91.6 %) %)
Ciprofloxacin 7/24 (29.2 | 4/24 (166 | 13/24 (542 |2/6 (33 ]4/6 (670
%) %) %) %) %)
Doxycycline 22/24 0 2/24 (8.4%) |6/6 (100 |0 0
(91.6 %) %)
Ontheaverage,% |44.1+2.1 21.8+1.1 341+18 64.0+£3.3 | 125 +|235+13
0.32

We studied the sensitivity/resistance of the tested cultures to a wide range of antibiotics such
as chloramphenicol, gentamicin, and tetracycline. All the cultures, isolated from naturally
fermented products turned out to be chloramphenicol- and tetracycline- sensitive.

From the total number of cultures isolated from industrially manufactured products, 2
cultures exhibited a resistance to chloramphenicol and 2 cultures to tetracycline.

Twenty-two industrially manufactured cultures and 5 “wild” cultures were resistant to

gentamicin aminoglycoside. Twenty-three strains of LAB isolated from industrially manufactured
products and all cultures (6) isolated from home fermented products were resistant against
streptomycin. Most probably this is a natural resistance to aminoglycosides, which may be
explained by the fact that the transport of these antibiotics through cytoplasmic membrane in LAB
is connected with electron transport systems absent in anaerobes (Mathur, Singh, 2004).

Tested LAB were quite resistant to vancomycin an antibiotic considered to be a marker of
transmissible type antibiotic resistances, i.e. being of an extra chromosomal origin. As observed in
Table 1, from the 24 cultures isolated from industrially manufactured products, 3 cultures were
sensitive to this antibiotic. This may be due also to the presence of antibiotic sensitivity
transmissible genes in technological fermented milk bacteria as well as to their potential ability to
participate in a gene transfer and to transmission of this resistance to Gl tract symbiotic cultures
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(Ruoff et al., 1988; Swenson et al., 1990; Handwerger et al., 1994; Klein et al., 1988; Salminen et

al., 1998).
Table 2 presents data on sensitivity of various species of Lactobacillus cultures, isolated from

the studied products, to the 12 tested antibiotics.

Table 2. Sensitivity of various species of Lactobacillus cultures to antimicrobial agents

Species of Antimicrobial agent
Lactobacillus
= S c |3 g c 2 | @ 5

.8 lglg|g|Ele S| |5 |5 |58
£ |/E|E|E|g|s|g&|Els | 2|s|5 |28
t |3 |£E|8S|a|lc|g|s|& |8 |8 |2 %
3 c |2 _| ¢ o | B 28 |8 |5 < 2 | 5
) © g o = - £ = <1} [Ty o e =
o > |odo | |w|= 3]0 |+ |O|< |O

L. rhamnosus n O/7 | 7/7 | O/7 | O/7 | 5/7 | 7/7 | 5/7 | /T | 7/7 | 7/7 | 2/7 | 5/7
=7

L. acidophilus n=6 |1/6 |2/6 | 0/6|0/6 | 5/6 |5/6 |3/6 |1/6 | 4/6 |5/6 | 1/6 | 1/6

L. plantarum n=510/5]5/5]|0/5|0/5|5/5|5/5|4/5|1/5 |5/5|5/5|4/5|1/5

L. paracasei n=5|1/5 | 4/5|0/5|0/5|2/5|4/5|0/5|0/5|4/5|4/5|1/5 | 1/5

L. fermentum n=2 |0/22/2|1/2 |0/2|1/2 |2/2|1/2 |0/2 |1/2 | 2/2|1/2 | 0/2

L. delbrueckii ssp.|n=2 |1/2 |1/2 |0/2|0/2 |2/2|1/2 |1/2 |0/2 |1/2 | 1/2 |1/2 | 1/2

delbr.

L. sakei n=1l | 0 1 0 0 1 1 0 0 1 1 1 0

L. curvatus n=1l | 0 1 0 0 1 1 1 0 1 1 1 0

L. brevis n=1 | 0 1 0 0 1 1 0 0 1 1 0 0

A comparison of sensitive and resistant cultures among the studied LAB food isolates did not
exhibit any dependence on species. The cultures of all LAB species, as determined by biochemical
methods (except for L. rhamnosus) were resistant to vancomycin and to the latest generation of
germicides such as cefalotin and ciprofloxacin.

Conclusions. The antibiotic resistance of LAB cultures, isolated from industrially
manufactured and naturally fermented Russian products was studied.

The cultures, isolated from naturally fermented (“wild™) products are globally 1.5 times more
sensitive to the most clinically relevant antibiotics, than cultures, isolated from industrially
manufactured products. Among the cultures, isolated from industrially manufactured products,
87.5 % were resistant to vancomycin, what can be caused by transmissible mechanisms. The next
stage of the studies will be devoted to the analysis of genetic resistance determinants in

Lactobacillus food isolates.
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YIK 57

AHTOOMOTHKOPE3UCTEHTHOCTH 0akTepuii poaa Lactobacillus,
HCIIOJIb3yEMBIX ITPHU MIPOMU3BOACTBEC MO/JIOYHbBIX U l'[pOﬁI/IOTI/I‘—IeCKI/IX
NIHUIIEBBIX IPOAYKTOB B Poccuu

1 AnTOH YepKamux
27Ken - Mapc Yobept
Haranpsa EbumoukmHa
1Cgetrnana llleBeneBa
2Tomac Huptiau

L®I'BY "HUU nuranusa" PAMH, Poccus
2HanunonanpHbl MHCTHTYT ArpoHOMEIYeckux Mccnenosanuii, Haut, @pannms

AnHoTtamusa. CerogHs HaCUUTHIBAETCSA OKOJIO 60 BUIOB JIAKTOOAKTEPUH, UCIIOIb3YEMBIX U
MMOTEHITUAIbHO MPUTOIHBIX I MTUIIEBOU MPOMBIIILIEHHOCTH. BOJIBIITUHCTBO M3 HUX ITPUMEHSETCS
JUIsT TIPOM3BOJICTBAa HamboJiee PACIpPOCTPAHEHHBIX B IIUTAHUW HACEJIEHUS KHUCJIOMOJIOYHBIX
MPOJIyKTOB, NPOOMOTHYECKUX TPOAYKTOB U OHMOJIOTUUECKH AaKTHUBHBIX JO0ABOK K ITHIIE
(BAT). MHOTHE W3 TEXHOJOTUYECKUX MHUKDPOOPTaHH3MOB, IOCTYIIas B JKeJIyJIO0YHO-KUIIEYHBIN
tpakT (KKT) uyenoBeka c muined, crocoOHBI BBDKHUBATh B HEM M B3aWMMOJIEHCTBOBATb C €r0
KOMMEHCAJIPHOH ¥ TPAaH3UTOPHOH MHUKPOQJIOPOH, B TOM 4YHciIe OOMEHUBATHCS TE€HHBIMHU
ajleMeHTaMH. B Hacrosmjee  BpeMA O4YeHb MaJ0 JIaHHBIX Kak O  CIeKTpe
QHTHOMOTUKOYYBCTBUTEIBHOCTH, TaK U O MPHUPOJIE BHIABJISAEMON PE3UCTEHTHOCTU JIAKTOOAKTEPUI

| 7U1A IMIIEBOM IPOMBIIILIEHHOCTH.
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B pabore ObLIO HCIOJB30BAHO 30 IITAMMOB JIAKTOOAKTEPUU, BXOAAIIUX B COCTaB
3aKBAaCOYHON MHUKDPOQIIOPHI PAa3INYHBIX KUCIOMOJIOYHBIX ITPOIYKTOB U OHOJIOTUYECKU aKTUBHBIX
700aBOK K MHIIE NMPOMBIIIEHHOTO HM3TOTOBJIEHHA, OTOOPAHHBIX B TOProBOH ceTu. M mTamMmbl,
BbIJIeJIECHHBbIE U3 IPOAYKTOB €CTeCTBEHHOU depMeHTaruu (TBOPOT JOMAaITHUM, KUCJIOMOJIOYHBIN
HAlUTOK, a TaK)Ke CKBaIllleHHble IPU YJYACTHH II0JIE3HOH MHKPOGIIOPHl OBOIU U (PYKTHI:
MOueHble f0JI0KH, KallycTa KBallleHas1), mpruobpeTeHHble Yy YacTHBIX JjiuI] B LlenTpanbHoit Poccum.
UyBCTBUTEJIBHOCTh  IITAMMOB K QHTUMHKPOOHBIM  NPENapaTaMUCHBITHIBAIA  METOZOM
arapoauddysun. TeCTHpOBAIM  TOKCUIIUKJINH, CTPENTOMHUIIMH, TE€HTAMHIIUH, TETPAI[UKJINH,
UIPO(IIOKCALINH, JIMHKOMHUIIMH, JIEBOMUIIETUH, BAaHKOMHI[UH, JPUTPOMUIINH, HMUIIEHEM,
aMIUIWUINH, 1edaJlOTHH, HAHECEHHbIE HA JIUCKU. Pe3yJsIbTaThl WCC/IEIOBAHUS IOKA3aJIH, UTO
Cpeay IITaMMOB, BbIJIEJIEHHBIX U3 IMPOMBIIIUIEHHO IIPUTOTOBJIEHHBIX IPOAYKTOB, 87,5% obsyanann
AHTUOMOTUKOYCTOMYMBOCTPIO K  BAaHKOMHIIMHY, KOTOpas MOXeT ObITh  0OO0ycJIOBJIEHA
TPAHCMUCCUBHBIM MexaHu3MoM. CieIylolmuii 3Tan HcCcaeoBaHUA Oy/leT MOCBAIIEH aHAIN3Y
reHeTUUeCKUX JIeTEDMUHAHT PE3UCTEHTHOCTH Y MUIIEBBIX N30ATOB Lactobacillus.

KirroueBbie cjoBa: YCTOWYMBOCTh K aHTHOMOTHKAM; MOJIOYHOKHCIBIX OakTepuii (LAB),
KHCIIOMOJIOYHBIE TPOAYKTHI KHEKOMMEPUECKUX) ITAMMOB.
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