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ABSTRACT

In the era where developing antibiotic resistance is an emerging issue, probiotics are amongst the
most promising therapeutic as well as prophylactic measures. One of the most commonly used
probiotics in cheese, yoghurt, silage and preserved food such as pickles is lactobacilli. However,
some studies have shown that some lactic acid bacteria (LAB) strains are resistant to antibiotics
which pose a threat to human health. Hence, to evaluate the safety of L. acidophilus and L.
plantarum, they were subjected to antibiotic susceptibility tests using the disc diffusion method
against a total of 26 antibiotics. The isolates were found to exhibit multiple resistance against some
of the most commonly used antibiotics. The isolates showed a high level of resistance toward
ampicillin, amoxycillin, cefotaxime, nalidixic acid, streptomycin, kanamycin and nitrofurantoin. The
isolates showed low levels of resistance toward cephalothin, amikacin, erythromycin and
azithromycin. They were susceptible to ciprofloxacin, penicillin G, cloxacilln, ofloxacillin, norfloxacin,
levofloxacin, moxifloxacin, sparfloxacin, enrofloxacin, gemifloxacin, chloramphenicol, gentamicin,
co-trimoxazole and oxytetracycline. The present study showed that antibiotic resistance is prevalent
in different species of probiotic strains, which may pose a food safety concern. Hence, antibiotic
sensitivity should be considered an important part of safety assessment for the evaluation of
probiotics. Therefore, the current study concluded that antibiotic resistance is prevalent among L.
acidophilus and L. plantarum, which is major concern of food safety. Furthermore, studies to
evaluate the presence of antibiotic resistance genes in commercially available probiotics should be
conducted. Antimicrobial susceptibility tests should be considered as an essential measure for the
assessment of the safety of probiotics.

Keywords: Lactobacilli; safety; probiotics; antibiotic resistance.

1. INTRODUCTION

Lactic acid bacteria (LAB) are Gram-positive
bacteria that can produce lactic acid as an end
product of carbohydrate fermentation and are
generally considered safe [1]. They are widely
used in food production and biopreservation. Of
all the genera of LAB, Lactobacillus is the most
economically important microbiota, which is
harbored mainly in the gut of man and animals
[2]. They are beneficial for human health
because of their antimicrobial and
immunomodulatory activity [3]. They can also
help to restore the healthy gut microflora.
Keeping in view of their benefits, they are
included in our diet as probiotics, food
preservatives or starter culture [4,5]. There have
been numerous studies on the commercial
production and use of Lactobacillus-based
probiotics because of their ‘generally recognized
as safe’ (GRAS) status [6].

Antibiotics are an important therapeutic tool in
tackling many infectious diseases of bacterial
origin [7]. However, misuse and exploitation of
antibiotics by human beings in animal husbandry
as well as medical fields has caused the
emergence of antibiotic-resistant bacteria [8],
which has become a global cause of health

concern [9]. Bacteria may become resistant in
two ways i.e. naturally to escape the action of
antibiotics or genetically horizontally resistant
gene transfer through transposons or plasmids
[10]. Furthermore, there has been a rise in the
frequency of documented cases of antibiotic-
resistant LAB strains over the past decade. To
assess the risk, it is important to evaluate if
commonly used lactobacillus species isolates
display phenotypic resistance to antibiotics and if
they do, to determine the extent of resistance
and identify the responsible genes. Standardized
methods have been developed to determine
levels of antibiotic resistance and, as they allow
comparisons of results between laboratories,
they are recommended by several international
agencies including the Clinical and Laboratory
Standards  Institute  (CLSI), International
Organization  for  Standardization (1SO),
European Food Safety Authority (EFSA) and the
International Dairy Federation (IDF) [11].

Since, probiotics are used in doses unlimited,
ensuring their safety is of utmost importance,
while there are as such no legislation/acts/rules
for microorganisms that are deliberately added to
our food as probiotics. It is therefore
recommended that these products follow similar
requirements as feed additives as precautionary
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measures [12]. Several reviews [13] on LAB
have recommended safety criteria for probiotics
such as the absence of antibiotic resistance
genes (ARGs) which are responsible for
resistance to clinically important antibiotics [14].
Although LABs are regarded as safe, they can
act as a reservoir for ARGs, which can persist in
our food chain [15,16] and can be responsible for
the transfer of ARGs via horizontal gene transfer
[17]. Some studies have reported the transfer of
ARGs between various lactobacilli [18]. In
vitroand in vivo studies have also been
conducted to evaluate the transfer of ARGs from
lactic acid bacteria to other pathogenic bacteria
[19,20]. Thus, the present study was conducted
to characterize the phenotypic antibiotic
resistance profile in isolates of Lactobacillus
acidophilus and Lactobacillus plantarum using
the disc diffusion method. It provides an insight
into the safety of probiotics available in terms of
antibiotic resistance.

2. MATERIALS AND METHODS

2.1 Bacterial Strains and Propagation

Two reference Lactobacillus strains viz.,
Lactobacillus acidophilus (NCDC 13) and
Lactobacillus plantarum (NCDC 20) were

procured from the National Collection of Dairy
Cultures (NCDC), ICAR-NDRI, Karnal, India.
Lactobacilli were maintained and propagated in
Lactobacillus de Man Rogosa Sharpe (MRS)
broth (Himedia Laboratories Pvt. Ltd.). It was
prepared according to the instructions of the
manufacturers. The final pH of the media was
maintained at 6.5 + 0.2. Strains were incubated
at 37°C for 48h in anaerobic atmospheric
conditions. They were further sub-cultured thrice
before the experiments. It was followed by
plating on MRS agar under the same above-
mentioned conditions. The bacterial cultures
were preserved in glycerol stocks at -80° C.

Table 1. Antibiotics used for antibiotic-resistant profile and their mode of action

S. No. Name of drug Concentration Group antibiotics Mode of action
(mcg)
1. Ampicillin 10 N 3\
2. Amoxycillin 30
3. Cloxacillin 30
4. Ampicillin/ 10

cloxacillin
5. Penicillin G 102 >

B-Lactams Cell wall synthesis inhibition

’

J

6. Cephalothin 30 First generation

Cephalosporins
7. Cefotaxime 10 Third generation

Cephalosporins J
8.  Ciprofloxacin 5 A
9. Ofloxacin 5 \|J> Quinolones
10. Nalidixic acid 30
11. Norfloxacin 10
12. Levofloxacin 5 DNA replication and transcription
13.  Moxifloxacin 5 inhibition
14. Sparfloxacin 5 Fluoroquinolones
15. Enrofloxacin 10
16. Gemifloxacin 5 J
17. Gentamicin 10 A
18. Streptomycin 300
19. Amikacin 30 Aminoglycosides
20. Kanamycin 30
21. Chloramphenicol 30 Other Protein synthesis inhibition
22.  Erythromycin 15 >
23.  Azithromycin 15 } Macrolides
24.  Nitrofurantoin 300 Other Y,
25.  Oxytetracycline 30 Tetracyclines
26. Co-Trimoxazole 25 Other Folic acid synthesis inhibitors or anti-

metabolites

@ denotes concentration in units
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Table 2. Susceptible and resistant strains were evaluated after being compared with known
standard given by CLSI (2016)

Disc Diffusion Method

Diameter of zone of inhibition (mm)

Susceptible
Intermediate
Resistant

>20
15-19
<14

2.2 Antibiotic Discs

Twenty-six antibiotics that are used most
commonly from different classes were purchased
from Hi-media Laboratories Pvt. Ltd. Mumbai,
India, and tested against the procured probiotics.
The details of the name of the drug,
concentration, antibiotic group, and mode of
action are described in Table 1.

2.2.1 Antimicrobial susceptibility testing

The sensitivity or resistance of LAB to most
commonly used antibiotics was evaluated by an
antimicrobial susceptibility test. The standard
disc diffusion assay was performed according to
the Kirby—Bauer method [21]. Isolates were
cultured and grown overnight in MRS broth and
100 pl culture (0.5 McFarland equivalent to 108
cfu/ml) was spread on Mueller-Hinton agar plates
with the help of an L spreader. Antimicrobial
disks was placed with the help of sterile forceps
and incubated at 37°C for 24 h under anaerobic
conditions. The zone of inhibition diameter was
measured by zone reader (Hi Antibiotic zone
scale, Hi-Media) and results were read according
to the breakpoints recommended by Clinical and
Laboratory Standard Institute standards for disc-
diffusion assay [11] (Table 2) as described by
Sharma et al. [22].

2.3 Statistical Evaluation

The disc diffusion method was performed in
triplicate and the average diameters calculated
are presented as resistant (R), sensitive (S) or
intermediate (1).

3. RESULTS AND DISCUSSION

Antimicrobial disc susceptibility tests were
performed according to the procedures described
by CLSI [11]. Comparative evaluation of the
diameter of the zone of inhibition was shown in
graphical form (Fig. 1). The growths of both
tested LAB strains i.e. L. acidophilus and L.
plantarum were homogenous over MRS. The
results for the reference LAB strains was

documented in terms of resistant (R), susceptible
(S) and intermediate (1) (Table 3).

In our study, phenotypic resistance to ampicillin,
amoxycillin, cefotaxime, nalidixic acid,
streptomycin, kanamycin and nitrofurantoin was
exhibited by L. acidophilus. While L. plantarum
showed phenotypic resistance to cephalothin in
addition to the above-mentioned antibiotics.
There were no significant differences observed in
the antibiotic resistance profile of L. acidophilus
and L. plantarum. A low level of resistance was
exhibited by L. acidophilus toward cephalothin,
erythromycin and azithromycin. Whereas, L.
plantarum showed a low level of resistance
toward ampicillin/cloxacillin, amikacin and
erythromycin. High susceptibility was exhibited
by both isolates toward cell wall synthesis
inhibitors (B-Lactams- cloxacillin and penicillin
G), DNA replication and transcription inhibitors
(Quinolones-  ciprofloxacin  and  ofloxacin;
Fluoroquinolones) and  protein  synthesis
inhibitors (chloramphenicol, oxytetracycline and
co-trimoxazole). There was no significant
difference in the antibiotic susceptibility pattern of
L. acidophilus and L. plantarum.

Lactobacilli are generally considered susceptible
to the cell wall synthesis inhibitors (B-Lactams)
[15,23] and more resistant towards
cephalosporins [24] which corroborated with our
study. However, L. acidophilus displayed
susceptibility toward B-lactam antibiotics except
for ampicillin and amoxycillin for L. acidophilus
and L. plantarum which was contrary to the
findings of Klare et al. [25] and Nawaz et al. [18].
In addition, L. plantarum showed intermediate
susceptibility towards ampicillin/cloxacillin while
L. acidophilus was susceptible to it. Similarly,
resistance towards cephalosporins in our study
for both strains was reported by Karapetkov et al.
[24]. Lactobacilli were reported to have intrinsic
resistance to aminoglycosides [26,22,27,28]
which was similar to our study except for
gentamicin and amikacin. In a study conducted
by Pell et al. [29], they also observed the
susceptibility of L. plantarum  towards
gentamicin.
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Zone of Inhibitiondiameter (mm)

B Lactobacillus acidophilus

M Lactobacillus plantarum
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Fig. 1. Comparative evaluation of Diameter of zone of inhibition of L. acidophilus and L. plantarum
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Table 3. Susceptibility of LAB to commonly used antibiotics using the disc diffusion method

S. No. Antibiotics Inhibition zone diameter range (mm)
Lactobacillus acidophilus Lactobacillus plantarum

1 Ampicillin R (11) R (13)
2 Amoxycillin R (10) R (8)
3 Cloxacillin S (37) S (34)
4 Ampicillin/cloxacillin S (20) 1 (19)
5 Penicillin G S (21) S (23)
6 Cephalothin 1(19) R (13)
7 Cefotaxime R (14) R (13)
8 Ciprofloxacin S (35) S (38)
9 Ofloxacin S (25) S (23)
10 Nalidixic acid R (10) R (10)
11 Norfloxacin S (24) S (23)
12 Levofloxacin S (25) S (33)
13 Moxifloxacin S (24) S (25)
14 Sparfloxacin S (23) S (23)
15 Enrofloxacin S (25) S (25)
16 Gemifloxacin S (36) S (33)
17 Gentamicin S (27) S (24)
18 Streptomycin R (13) R (14)
19 Amikacin S (23) 1 (15)
20 Kanamycin R (13) R (13)
21 Chloramphenicol S (39) S (39)
22 Erythromycin 1(17) 1 (18)
23 Azithromycin 1(17) S (25)
24 Nitrofurantoin R (10) R (8)
25 Oxytetracycline S (20) S (28)
26 Co-Trimoxazole S (38) S (34)

4. CONCLUSION

Foods and food supplements having
naturally occurring or intentionally added
bacteria, such as probiotics can serve as a
potential reservoir for antibiotic resistance genes.
Hence, the safety of probiotics requires the
assessment of resistance /resistance genes
carried by them against the clinically significant
antimicrobials. Future research exploring their
presence and transferability will certainly be a
step towards safety in true terms. As the
probiotics in our study possessed resistance
levels exceeding the limit recommended by
CLSI, it is suggested that the proposed limit
should be re-examined. Regulatory
guidelines/legislation for the assessment of the
safety of lactobacilli for their approval as starter
cultures or probiotics should be made. It will also
facilitate screening of probiotics from a safety
point of view. Further studies should be done to
evaluate the transferability of genes responsible
for resistance to most commonly used
antibiotics.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)
Author(s) hereby declare that NO generative Al

technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image

generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENTS

The authors are very thankful to the Department
of Veterinary Public Health and Epidemiology
and Dean, CVASc Pantnagar, Uttarakhand. We
also thank the Principal Investigator of ICAR,
New Delhi funded project entitted —"Outreach
programme on Zoonotic diseases" for providing
permission and financial support for the present
study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Makut MD, Owuna JE, Salisu SM.
Molecular identification of lactic acid
bacteria isolated from fermented rice.

AROC Agri. 2022;2:06-11.

2. Tannock GW, Ghazally S, Walter J, Loach
D, Brooks H, Cook G, Surette M, Simmers
C, Bremer P, Dal Bello F, Hertel C.
Ecological behavior of Lactobacillus reuteri
100-23 is affected by mutation of the luxS

943



10.

11.

12.

13.

Sharma et al.; J. Sci. Res. Rep., vol. 30, no. 7, pp. 938-945, 2024; Article no.JSRR.119866

gene. Applied and Environmental
Microbiology. 2005;71:8419-25.

Musah SS, Owuna JE, Makut MD, Adamu
BB, Gl I, Izebe K, Kabir A, Oziegbe OS,
Aboh MI. Antibacterial activity of lactic acid
bacteria isolated from Etsako Osuemegbe
rice. AROC Food Nutr. 2023;2:01-05.
Salminen S, von Wright A, Morelli L,
Marteau P, Brassart D, de Vos WM, et al.
Demonstration of safety of probiotics—A
review. Int J Food Microbiol.1998;44:93—

106.
Rozman V, Lorbeg PM, Accetto T,
Matijasic BB. Characterization of

antimicrobial resistance in lactobacilli and
bifidobacteria used as probiotics or starter
cultures based on integration of phenotypic
and in silico data.IntJ Food Microbiol.
2020;314:108388.

Garcia-Fruités E. Lactic acid bacteria: A
promising alternative for recombinant
protein production. Microbial cell factories.
2012;11:157.

Aminov R. History of antimicrobial drug
discovery: Major classes and health
impact. Biochem Pharmacol. 2017;133:4-
19.

EFSA/JECDC. The European Union
summary report on antimicrobial resistance
in

zoonotic and indicator bacteria from
humans, animals and food in 2016. EFSA
J. 2018; 16:5182.

World Health  Organization. 2014.
Antimicrobial Resistance. Global Report on
Surveillance. World Health Organization,
Geneva. 2014. Accessed 7 August 2021.
Available: http://www.who.int/iris/handle/
Belletti N, Gatti M, Bottari B, Neviani E,
Tabanelli G, Gardini F. Antibiotic
resistance of lactobacilli isolated from two
Italian hard cheeses. J Food Prot. 2009;
72:2162-69.

CLSI. Wayne PA. Performance standards
for antimicrobial susceptibility testing: 26th
informational  supplement.  M100-S26.
2016; pp 1-25.

EFSA. Opinion of the Scientific Committee
on a request from EFSA on the
introduction of a Qualified Presumption of
Safety (QPS) approach for assessment of
selected microorganisms referred to EFSA.
EFSA J. 2007;587:1-16

Saarela M, Mogensen G, Fondén R, Matt6
J, Mattila-Sandholm T. Probiotic bacteria:
safety, functional and technological

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

944

properties. Review article. J Biotech. 2000;
84:197-215.

EFSA-FEEDAP. Guidance on the
characterization of microorganisms used
as feed
additives or as production organisms.
EFSA J. 2018; 16:5206.

Guo H, Pan L, Li L, Lu J, Kwok L, Menghe
B, et al.
Characterization of antibiotic resistance
genes from Lactobacillus isolated from
traditional dairy products. J Food Sci.
2017;82:724-30.

Duranti S, Lugli GA, Mancabelli L, Turroni
F, Milani C, Mangifesta M, et al. 2017.
Prevalence of antibiotic resistance genes
among human gut-derived bifidobacteria.
Appl Environ Microbiol. 2017; 83:e02894-
16.

Liu L, Chen X, Skogerbg G, Zhang P,

Chen R, He S. et al. The human
microbiome: a hot spot of microbial
horizontal gene transfer. Genomics.

2012;100:265-70.

Nawaz M, Wang J, Zhou A, Ma C, Wu X,
Moore JE, et al. Characterization and
transfer of antibiotic resistance in lactic
acid bacteria from fermented food
products. Curr Microbiol. 2011; 62:1081—
89.

Kazimierczak KA, Flint HJ, Scott KP.
Comparative analysis of sequences
flanking tet(W) resistance genes in multiple
species of gut bacteria. Antimicrob
Agents Chemother. 2006; 50:2632-39.
Jacobsen L, Wilcks A, Hammer K, Huys G,
Gevers D, Andersen SR. Horizontal
transfer of tet(M) and erm(B) resistance
plasmids from food strains of Lactobacillus
plantarum to Enterococcus faecalisJH2-2
in the gastrointestinal tract of gnotobiotic
rats. FEMS Microbiol Ecol. 2007;59:158—
166.

Bauer AW, Kirby WMM, Sherris JC, Turk,
M. 1966. Antibiotic susceptibility testing by
a standardized single disk method. Am J
Clin Pathol. 1966;45:493—-96.

Sharma C, Gulati S, Thakur N, Singh BP,
Gupta S, Kaur S., et al. Antibiotic
sensitivity pattern of indigenous lactobacilli
isolated from curd and human milk
samples. 3 Biotech. 2017;7:1-14.
Gueimonde M, Sanchez B, de Los Reyes-
Gavilan CG, Margolles, A. Antibiotic
resistance in probiotic
bacteria. Front Microbiol. 2013;4:202.



24,

25.

26.

27.

28.

Sharma et al.; J. Sci. Res. Rep., vol. 30, no. 7, pp. 938-945, 2024; Article no.JSRR.119866

Karapetkov N, Georgieva R, Rumyan N,
Karaivanova E. Antibiotic susceptibility of
different lactic acid bacteria strains. Benef
Microbes. 2011;2(4):335-39.

Klare I, Konstabel C, Werner G, Huys G,

Vankerckhoven V, Kahlmeter
G, et al. Antimicrobial susceptibilities of
Lactobacillus, Pediococcus and

Lactococcus human isolates and cultures
intended for probiotic or nutritional use. J
Antimicrob Chemother. 2007;59:
900-12.

Abriouel H, Casado Mufioz MDC, Lerma
LL, Montoro PB, Bockelmann W, Pichner

R, et al. New insights in antibiotic
resistance of Lactobacillus species from
fermented foods. Food Res Int.

2015;78:465-81.

StSepetova J, Taelma H, Smidt |, Hitt P,
Lapp E, Aotaht E, et al.
Assessment of phenotypic and genotypic
antibiotic susceptibility of vaginal
Lactobacillus sp. J Appl Microbiol.
2017;123:524-34.

Zhou JS, Pillidge CJ, Gopal PK, Gill HS.
Antibiotic susceptibility profiles of new
probiotic Lactobacillus and Bifidobacterium

29.

30.

31.

32.

strains. Int J Food Microbiol. 2005;98:211-
17.

Pell LG, Horne RG, Huntley S, Rahman H,
Kar S, Islam MS, et al. Antimicrobial
susceptibilities and comparative whole
genome analysis of two isolates of the
probiotic  bacterium  Lactiplantibacillus
plantarum, strain ATCC 202195. Sci Rep.
2021;11(1):1-18.

Charteris WP, Kelly PM, Morelli L, Collins
JK. Gradient diffusion antibiotic
susceptibility testing of potentially probiotic

lactobacilli. J Food Prot. 2001;64:
2007-14.

Aquilanti L, Garofalo C, Osimani A,
Silvestri G, Vignaroli C, Clementi F.
Isolation and molecular

characterization of antibiotic-resistant lactic
acid bacteria from poultry and swine meat

products. J Food Prot. 2007;70:
557-65.

Gueimonde M, Flérez AB, de los Reyes-
Gavilan CG, Margolles A. Intrinsic
resistance in lactic acid bacteria and
bifidobacteria: The role of multidrug

resistance transporters. Int J Probiotics
Prebiotics. 2009;4:181-86.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/119866

945


https://www.sdiarticle5.com/review-history/119866

