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Abstract
The emergence of antimicrobial resistance (AMR) in lactic acid bacteria (LAB) raises questions on qualified presumptive 
safety status and poses challenge of AMR transmission in food milieu. This study focuses on isolation, identification and 
characterization of AMR in LAB prevalent in traditional fermented Indian food products. The analysis of 16SrRNA based 
phylogenetic tree showed placements of isolates among four different genera Lactobacillus, Enterococcus, Weissella and 
Leuconostoc. In E-strip gradient test of susceptibility to 14 different antibiotics, over 50% of isolates showed resistance to 
ampicillin, chloramphenicol, ciprofloxacin, erythromycin, kanamycin, linezolid, streptomycin, trimethoprim and vancomy-
cin. A multivariate principal component analysis, an antibiogram and multiple antibiotic resistance index-values (> 0.2) 
indicated presence of multidrug-resistance among the isolates. This study reports prevalence of an alarmingly high rate of 
AMR LAB strains in traditional fermented foods and is important to regulators and public health authorities for developing 
strategies to control transmission in food systems.
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Introduction

With the advent of antibiotics in the medical system, pathol-
ogists anticipated and managed to control several serious 
outbreaks of infections. This led to the use of antibiotics 

globally at a broad level. However, over the years, rampant 
and non-judicious use of antibiotics led to the evolution of 
antibiotic resistance throughout the planet (Blair et al., 2015; 
György et al., 2021; Ojha et al., 2021). According to the 
UN, 700,000 people die every year as a result of diseases 
caused by AMR pathogens. Thus, AMR has posed a seri-
ous challenge to the investigators working in this domain of 
research. The food ecosystem has become a hotspot for the 
transmission of AMR in the bacterial community across the 
globe (Founou et al., 2016; Zarzecka et al., 2020a). Bacterial 
strains harboring resistance genes may enter the food supply 
chain system from the environment and get transmitted to 
feed animals and humans (Dutta and Ramamurthy, 2020; 
György et al., 2021; Thapa et al., 2020).

Lactic acid bacteria (LAB) are Gram-positive bacteria 
comprising a large group of genera with potential probi-
otic properties in several fermented foods (Bhushan et al., 
2021; Erginkaya et al., 2018; Mohammed and Çon, 2021). 
Species of this group are known to produce lactic acid, a 
principal metabolic end product, through carbohydrate fer-
mentation. The common genera include Pediococcus, Leu-
conostoc, Enterococcus, Streptococcus, Lactococcus and 
Lactobacillus. Lactobacillus is the largest group of the genus 
used commercially in fermented foods and pharmaceuticals 
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(Dutta and Ramamurthy, 2020). Recently, the genus Lacto-
bacillus has been re-classified into 25 genera by Zheng and 
his team (Zheng et al., 2020). They are known as Generally 
recognized as safe (GRAS) organisms due to their extensive 
use in fermented foods. However, LAB are known to act as a 
reservoir of antibiotic resistance in the food ecosystem (Ojha 
et al., 2021; Zarzecka et al., 2020a). They harbour genes that 
encode antibiotic resistance against various antibiotics of 
clinical importance such as tetracycline [tet(M), tet(K) and 
tet(W)], macrolide [(erm(B), erm(C) and erm(G)], glyco-
peptide like vancomycin [van(A), van(B), van(C), van(D), 
van(E) and van(G)], and ampicillin (bla, blaZ and mecA) 
(Álvarez-cisneros and Ponce-alquicira, 2021; Guo et al., 
2017; Nunziata et al., 2022; Ojha et al., 2021; Zarzecka 
et al., 2020b). LAB can transfer the resistance genes to com-
mensal bacteria of humans and animals. Horizontal gene 
transfer (HGT) has been a major mechanism of the transfer 
of resistance among these groups of bacteria (Dec et al., 
2018; Ojha et al., 2021). Here, bacteria resort three prime 
approaches to transfer their resistance to sensitive groups. 
These are mainly: transformation (uptake of extracellular 
DNA by competent bacterial cell), transduction (incorpora-
tion of a bacterial DNA segment to the other bacterial cell 
with the help of a bacteriophage), conjugation (DNA trans-
location from one bacterial cell to another through physi-
cal mating with a surface pilli protein) (Ojha et al., 2021).
Therefore, the usage of strains carrying antibiotic resistance 
must be ceased in food and feed additives (Casado Muñoz 
et al., 2014; Dec et al., 2018).

LAB have been reported to exhibit resistance to a plethora 
of antibiotics. Many genera like Lactobacillus, Lactococcus, 
Pediococcus, Enterococcus and Leuconostoc were reported 
to display resistance against some common classes of antibi-
otics such as aminoglycosides (streptomycin, gentamicin and 
kanamycin), β-lactams (ampicillin), macrolides (erythromy-
cin) and tetracycline (Ivanova et al., 2016). Over a decade, 
LAB have been isolated from fermented foods, dairy prod-
ucts, vegetables, cheese, wine, and many animal feeds. A 
high rate of prevalence of antibiotic resistance was observed 
among dairy associated LAB. Where dairy based fermented 
food (milk) has been a major source of LAB harbouring 
antibiotic resistance genes (ARGs) (Blanco-Picazo et al., 
2022; Wang and Lu, 2019) and may be a potential source of 
transfer of these gene determinants. Additionally, the residue 
of antibiotics have also been ascertained in milk (Blanco-
Picazo et al., 2022; Landers et al., 2012; Sachi et al., 2019). 
Due to a global public health concern about antibiotic resist-
ance in foods, determination of AMR in LAB in traditional 
fermented foods is a prerequisite to determining their food 
safety. Thus, a thorough investigation is needed to study the 
resistance profile of these bacteria. Therefore, the present 
study focused on the determination of phenotypic antibiotic 
resistance profile of LAB isolates of fermented Indian foods 

and beverages and map the status of AMR populations using 
principal component analysis (PCA) and MAR assessments. 
This is a key to the determination of food safety and pub-
lic health of the nation and device strategies to control the 
spread of AMR via food systems.

Materials and methods

Food sampling and microbial cultures

To obtain LAB strains, food samples were collected from 
nearby markets (including street vendors), local households, 
milkmen and commercial food products. A total of 53 food 
samples were collected from different sources (curd, lassi, 
commercial fermented milk products, fermented batters) 
in a sterile container (100 ml). The collected samples were 
transported to the lab immediately from the site of collection 
for the isolation of LAB cultures. Twelve different strains of 
Lactobacillus species were also procured from the National 
Collection of Dairy Cultures (NCDC), NDRI, Karnal, in the 
state of Haryana, India.

Isolation and phenotypic identification of LAB

Isolation was accomplished from different food sources by 
using standard plating technique and preliminary identifi-
cation was carried out using morphological and biochemi-
cal methods. Briefly, an appropriate amount of sample was 
diluted in sterile peptone water followed by serial dilution 
and plating on MRS (de Man, Rogosa and Sharpe, Hi-Media 
Ltd., Mumbai, India) agar. All plates with respective sam-
ples were incubated at 37 °C aerobically for 24–48 h. The 
colonies with typical LAB morphology (creamy-white small 
to medium sized round colonies with entire margins) were 
selected for further characterization studies.

All the putative isolates (n = 18) were tested for their 
morphology by microscopic examination and biochemi-
cal confirmation by catalase and oxidase test. For growth 
under anaerobic conditions, an Anaero Gas Pack jar (Hi-
media, Mumbai, India) consisting Anaero gas pack sachet 
(LE002A, Hi-media, Mumbai, India) was used. Gram-pos-
itive rods and catalase/oxidase-negative isolates were taken 
for further identification based on carbohydrate fermentation 
(KB009 HiCarbo Kit, Hi-Media, Mumbai, India).

All the isolates were designated with a unique identifica-
tion code and maintained in MRS broth at 4 °C and sub-cul-
tured after every 15 days. The stocks of all the isolates were 
preserved in 25% (v/v) glycerol stock medium at − 80 °C. 
The cultures were activated before use by sub-culturing them 
twice in MRS broth. The details of all the isolates used and 
their sources are given in Table S1.
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Genotypic identification

In order to identify and characterize the LAB isolates (up 
to the species level), partial 16 S rRNA gene was selected 
for PCR amplification and sequencing. For this complete 
genomic DNA was extracted according to the methods of 
Pospiech and Neumann (1995) with some modifications 
(Pospiech and Neumann, 1995). Briefly, an active bacterial 
culture (1.5 ml) grown overnight in MRS broth was centri-
fuged at 6010×g for 10 min. The supernatant was discarded 
and the pellet was washed with 1X PBS (phosphate buffer 
saline, pH 7.0) followed by centrifugation at 6010×g for 
10 min. To the resultant pellet, 0.5 ml of SET buffer (75 
mM NaCl, 25 mM EDTA, 20 mM Tris, pH 7.5) and 100 µl 
of lysozyme (1 mg/ml) were added followed by an hour of 
incubation at 37 °C. A 50 µl solution of 10% (w/v) SDS 
was added to the above mixture, followed by the addition 
of 10 µl of proteinase K. The tube was incubated for 2 h at 
56 °C with intermittent inversion. After this, 550 µl chloro-
form and 180 µl of 5 M NaCl were added and the contents 
were mixed by inverting the tube, followed by incubation at 
room temperature for 30 min. The tube was centrifuged at 
9391×g for 15 min. DNA was precipitated by adding chilled 
isopropanol to the uppermost aqueous phase from the above 
step. The tube was centrifuged for 7 min at 9391×g. The 
pellet was washed with 70% (v/v) ethanol and air-dried sub-
sequently to remove any residual ethanol. TE buffer (100 
µL) was added to dissolve DNA and the tube was incubated 

at 37 °C overnight. This extracted DNA was quantified by 
using a nanodrop spectrophotometer (DeNovix, USA) and 
used for amplifying the 16S rRNA gene by PCR using uni-
versal primers: 63F (5′CAG GCC TAA CAC ATG CAA GTC3′) 
and 1387R (5′GGG CGG WGT GTA CAA GGC 3′). The reac-
tions for PCR were set up as per the instructions provided 
by the manufacturer on the PCR reagent kit (ThermoFisher 
Scientific, USA).

The PCR was programmed with the conditions of initial 
denaturation at 95 °C for 5 min followed by 35 cycles of 
denaturation at 95 °C for 1 min, annealing at 55 °C for 1 min, 
amplification at 72 °C for 1 min and a final extension at 
72 °C for 8 min (Eppendorf, Germany). The amplified PCR 
product was resolved using 1.2% (w/v) agarose gel stained 
with ethidium bromide (0.5 µg/ mL) through gel electropho-
resis at 80 V for 30 min using 1X TAE buffer (Mini/ Maxi 
submarine, Hoeffer, USA). Gels images were taken using a 
UV Transilluminator (Gel capture, DNR Bio-Imaging Sys-
tem) (Fig. 1B). The PCR products were sequenced com-
mercially by Chromous Biotech (Bengaluru, India) using an 
automated DNA sequencer (ABI Prism 3100 Genetic Ana-
lyzer, Applied Biosystems, Foster, CA, USA) with specific 
primers. Sequences were analyzed by using the NCBI Gen-
Bank database BLAST programme (Altschul et al., 1990). 
All sequences were submitted to NCBI GenBank database 
to retrieve their accession numbers. The accession numbers 
were from OP932065–OP932078 for fourteen isolates while 
for other four isolates (AKO 94.6, NIFTEM 95.8, DVM 95.7 

Fig. 1  (A) Evolutionary relationships of taxa. Evolutionary analyses 
were conducted in MEGA7. Bootstrap values ≥ 70.0% are shown. E. 
coli was taken as an outgroup sequence for the dendrogram. (B) Aga-

rose gel image of PCR amplified 16S rRNA genes of isolates., L1 & 
L2: 100 bp DNA ladder
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and SKL1), these were from MW647658–MW647661 in 
the database. The 16S rRNA sequences of all the 18 isolates 
were aligned by using an algorithm of clustalW programme 
in MEGA 7.0 software analysis. Phylogenetic dendrogram 
reconstruction was done by using MEGA version 7.0 to 
check the placements of the isolates in a phylogenetic tree 
(Altschul et al., 1990; Kumar et al., 2016).

Determination of susceptibility pattern

To evaluate the minimum inhibitory concentration (MIC) of 
selected isolates, commercial antibiotic E-strips (Hi-Media 
Ltd., Mumbai, India) were used. The concentrations ranged 
from 0.016 to 256 µg/ml in all the antibiotic strips except 
in rifampicin and trimethoprim where 0.002 to 32 µg/ml 
of concentration was used. The test was performed against 
fourteen clinically important antibiotics i.e. ampicillin, van-
comycin, ciprofloxacin, tigecycline, rifampicin, clindamy-
cin, trimethoprim, streptomycin, chloramphenicol, linezolid, 
kanamycin, erythromycin, gentamycin, and tetracycline.

Actively grown cultures (100 µL) of all the isolates and 
reference strains containing  108 cells (0.5 Mcfarland turbid-
ity) were taken onto MRS agar media plates and uniformly 
spread over MRS agar plates using a sterile swab. To ensure 
effective absorption, the plates were kept at 40 °C for 1 h. 
The commercial strips were put on the agar surface and it 
was ensured that the strip was uniformly in contact with the 
agar surface. The plates were kept at 37 °C for 24 h and MIC 
values were recorded in triplicates. The organisms were clas-
sified as resistant/ susceptible based on the European Food 
Safety Authority (EFSA) guidelines (Danielsen and Wind, 
2003; European Food Safety Authority (EFSA), 2012).

Genotypic detection of genetic determinants 
of antibiotic resistance

The resistance gene loci were detected using PCR amplifi-
cation reaction as per the protocol mentioned in the above 
section of ‘genotypic identification’ method. The PCR reac-
tions were set up as mentioned briefly in the above protocol 
of genotypic identification by 16S rRNA gene amplifica-
tion except for the primers and annealing temperatures used 
for different reactions which are given in the Table S2. The 
PCR products of different resistance gene loci [(erm(B), 
tet(M) and xis] of the isolates were also sequenced by dide-
oxy chain termination protocol commercially at Eurofins 
Genomics Ltd. (Bengaluru, India). The sequences were 
analyzed through BLAST search programme of NCBI and 
submitted to the GenBank database of NCBI to retrieve 
the accession numbers. The identified sequences of tet(M) 
gene loci in the isolates NIFTEM 51, SKL1, NIFTEM 63 
and NIFTEM 67, were deposited with the accession num-
bers as OQ448895, OQ450369, OQ448894 and OQ421194 

respectively. Sequences for transposable genetic element 
(xis, excisionase) from Tn916 family were submitted with 
the accession numbers OQ504985–OQ504987, respectively 
for the isolates NIFTEM 95.8, DVM 95.7 and NIFTEM 63.

MAR (multiple antibiotic resistance) index bar plot 
determination

The multiple antibiotic resistance (MAR) index of the iso-
lated LAB strains was computed by using the following for-
mula: MAR index = x/y, where (x) is representing the num-
ber of antibiotics to which the isolates were resistant and (y) 
is the total number of antibiotics used in susceptibility test 
(Costa et al., 2020).

Statistical analysis

To evaluate the pattern of resistance among the LAB iso-
lates, a multivariate PCA analysis was performed using Past 
4.10 software (Hammer et al., 2001). A numerical code 1 
(for resistance) and 2 (for susceptible) was used to repre-
sent the variability among resistant phenotypes (Alves et al., 
2014; Kappell et al., 2015). An antibiogram through the 
heatmap was constructed to depict the incidence of resist-
ance among the isolates using GraphPad Prism 8.0 software.

Results and discussion

Isolation and phenotypic characterization of LAB

The maximum number of isolates was obtained from curd 
(n = 45). The microscopic characterization of isolates 
showed variations in cell sizes, shapes, and arrangements. 
All the isolates were Gram-positive rods/cocci, arranged 
either singly/pairs/chain or in a cluster-like arrangement 
on microscopic observation. All strains were negative to 
catalase and oxidase and able to grow at 37 °C optimally 
under anaerobic conditions (Table S3). Curd and lassi are 
fermented milk products consumed very commonly in the 
Indian sub-continent. In the current study, 30 LAB strains 
were taken, of which, 18 organisms were isolated from the 
fermented dairy food sources and the remaining, 12 organ-
isms were procured from a national culture collection centre 
(NCDC).

Identification using 16S rRNA gene

The presumptive LAB isolates were confirmed based on 
16S rRNA gene sequencing followed by alignment using 
BLAST search tool. All 18 isolates were from the four dif-
ferent genera of LAB when analyzed through the BLAST 
search programme. There were 4 strains (AKO 95.4, DVM 
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95.7, NIFTEM 95.8 and SKL1) that belonged to the genus 
Lactobacillus. All these four strains showed > 98% similarity 
to the species of Limosilactobacillus fermentum whereas the 
other genera were Enterococcus (n = 10), Weissella (n = 3) 
and Leuconostoc (n = 1). Analysis of the reconstructed phy-
logenetic tree of 16S rRNA gene sequences further con-
firmed the placement of respective isolates of LAB within 
the different species of four genera of LAB (Lactobacillus, 
Enterococcus, Weissella and Leuconostoc). This was also 
validated through a high bootstrap similarity percentage 
(> 70%) value (Fig. 1A). The major occurrence of the spe-
cies in our isolation study was Enterococcus indicating the 
abundance of these bacteria in fermented foods or bever-
ages. The isolated strains were identified to belong to the 
different genera of LAB group namely Lactobacillus, Ente-
rococcus, Weissella and Leuconostoc. The highest frequency 
of abundant species of Lactobacillus and Enterococcus in 
these fermented samples indicates that these bacteria are 
present dominantly in fermented food matrices of dairy 
origin in North India. Importantly, few recent studies have 
reported the presence of pathogenic species in Enterococ-
cus (Stefańska et al., 2021). However, many species of this 
genus are widely used in fermented foods without any QPS 
or GRAS status (Hanchi et al., 2018; Krawczyk et al., 2021; 
Saeed et al., 2014). Lactobacillus as discussed by several 
groups of investigators is the most commonly and exten-
sively used bacteria in fermented foods and feeds. Due to its 
large benefits, these bacteria are given GRAS and QPS status 
by USFDA (United States Food and Drug Administration) 
and EFSA (European Food Safety Authority) (EFSA, 2012). 
The genus Weissella and Leuconostoc are a group of bacteria 
that look similar to each other and share their phenotypic 
and biochemical characteristics to a large extent. Both these 
bacteria are abundantly found in fermented milk as reported 
previously (Fusco et al., 2015; Holland and Liu, 2011). Sev-
eral previous studies have illustrated the dominance of LAB 
in fermented foods like fruits, vegetables, meat, fish, plants 
and dairy based products (Stefańska et al., 2021; Saeed et al., 
2014). Hence, in consonance with the previous studies, we 
have also obtained the commonly distributed LAB in fer-
mented milk products.

Antibiotic susceptibility

All strains showed variable responses against different anti-
biotics. The antibiotic susceptibility results of all 30 strains 
are shown in Table 1. Determination of resistance and sensi-
tivity was based upon the MIC breakpoints cut-off values of 
the respective species of the LAB microbes given by EFSA 
(2012) and Danielsen & Wind, (2003). These cut-off values 
varied depending on the different genera of this group of 
LAB. Here if the MIC values were beyond the maximum 
range of concentration (> 256 µg/ml) it was categorized 

as completely resistant to the specific antibiotic. Whereas 
if the MIC values fell within the test concentration range 
(0.016–256 µg/ml), the strain was classified as resistant as 
per the MIC breakpoints given earlier (Danielsen and Wind, 
2003; European Food Safety Authority (EFSA), 2012). It 
was found that most of the strains were strictly sensitive to 
clindamycin, gentamycin, rifampicin, tetracycline and tige-
cycline except for a few strains (Enterococcus thailandicus 
NIFTEM 30, Enterococcus durans NIFTEM 50, Enterococ-
cus durans NIFTEM 58 and Enterococcus faecium NIFTEM 
75) which showed resistance against clindamycin, gentamy-
cin and rifampicin. With the 14 antibiotics used for test-
ing the susceptibility of 30 isolates, all thirty isolates were 
susceptible to only tigecycline. Most of the isolates showed 
resistance to ampicillin (63%), chloramphenicol (73%), cip-
rofloxacin (80%), erythromycin (86%), kanamycin (86%), 
linezolid (56%), streptomycin (70%), trimethoprim (83%) 
and vancomycin (63%) (Fig. 2A). A noteworthy result is 
that 86% of the strains showed resistance to erythromycin 
and kanamycin. The pattern of susceptibility of each strain 
against 14 antibiotics was interpreted through a bar chart as 
shown in Fig. 2B. There were three strains (Enterococcus 
durans NIFTEM 50, Enterococcus faecium NIFTEM 75, 
and Lactobacillus delbreukii NCDC 405) that were resistant 
to a maximum of 11 antibiotics out of 14 used in the study. 
Similarly, strain NCDC 400 was sensitive to 10 antibiotics 
out of 14 included in the investigation. Resistance to mul-
tiple classes of antibiotics was discernible in our study. It 
is evident from our study that more than 56% of the strains 
were resistant to antibiotics used in the investigation.

The prevalence of antibiotic resistance in bacteria asso-
ciated with food and feeds may be one of the challenges 
to overcome with the already existing menace of antibiotic 
drug resistance globally. The potential threat of transfer 
through horizontal gene transfer mechanism is even more 
worrisome (Das et al., 2020; Lin et al., 2015; Nawaz et al., 
2011; Ojha et al., 2021; Tan, 2003; Thumu and Halami, 
2019; Von Wintersdorff et al., 2016; Zarzecka et al., 2022). 
Regardless of their wide application with profound benefits, 
health risks associated with them cannot be overlooked. This 
study was carried out to assess the antibiotic resistance in 
LAB isolates to find out the probable risk of transfer of 
resistance.

The fourteen antibiotics used in study, represented 
mainly three prominent classes of drugs based on their 
site of action in bacterial cells. These are (1) cell wall 
synthesis inhibitors (ampicillin and vancomycin); (2) 
nucleic acid inhibitors (ciprofloxacin, rifampicin and 
trimethoprim) and (3) protein synthesis inhibitors (chlo-
ramphenicol, clindamycin, erythromycin, gentamycin, 
kanamycin, linezolid, streptomycin, tetracycline and tige-
cycline) (Álvarez-cisneros and Ponce-alquicira, 2021; 
Nunziata et al., 2022). The results of the study showed 
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that most of the strains were phenotypically resistant 
to a majority of the antibiotics. Therefore, a pattern of 
multidrug resistance was demonstrated by all the strains. 
This is analogous to other previous studies where simi-
lar observations were reported (Erginkaya et al., 2018; 
Ivanova et al., 2016; Saeed et al., 2014). A high level of 
resistance to chloramphenicol, erythromycin, kanamycin, 
streptomycin and trimethoprim was observed in species of 
Lactobacillus, Enterococcus, and Leuconostoc. This result 
is similar to the earlier published reports by other research 
groups (Danielsen and Wind, 2003; Erginkaya et al., 2018; 
Flórez et al., 2005). Multi drug resistance in Enterococ-
cus spp. from fermented dairy based foods to such a high 
degree could be due to the source of contaminated milk 
either through equipment or environmental source such as 
contaminated water (Abriouel et al., 2015). Enterococci 
have shown resistance to aminoglycosides (gentamycin 
and kanamycin) due to the presence an enzyme called 
2′-phosphotransferase-6′- acetyltransferase, which pro-
motes the ATP-dependent phosphorylation of aminogly-
cosides (Miller et al., 2014). Therefore, in certain cases, 
enterococci of fermented food origin have been reported to 
behave like nosocomial emergent pathogenic enterococci 
with MDR mechanism of resistance (Alvarez-Cisneros 
et al., 2017; Miller et al., 2014). AMR in Leuconostoc spp. 
have been reported by Flórez and group in 2008, where 
resistance to antibiotics class like glycopeptides (vanco-
mycin), aminoglycosides (kanamycin and gentamycin) 
and sulfonamides (trimethoprim) was observed (Flórez 
et al., 2008). The possible role of Leuconostoc species was 
acceded in AMR gene dissemination when Florez and his 
co-workers in 2016, demonstrated the transfer of erm(B) 
resistance from Enterococcus faecalis to Leuconostoc spp. 

both under wet lab as well as in cheese environment. This 
restates the possibility of AMR transfer in food matrix 
(Flórez et al., 2016).

The presence of erythromycin resistance in most of the 
strains is alarming as it is an acquired resistance. This could 
lead to the transfer of resistance to other bacteria through 
plasmid gene transfer using conjugation (Anisimova and 
Yarullina, 2019, 2018; Nawaz et  al., 2011; Thumu and 
Halami, 2019). Likewise, tetracycline resistance is also an 
acquired resistance that occurs through mobile genetic ele-
ments (Tn916 family) present in bacterial strains (Chandra 
et al., 2012; Flórez et al., 2008; Gazzola et al., 2012; Gevers 
et al., 2003; Jacobsen et al., 2007; Ojha et al., 2021; Thumu 
and Halami, 2019; Zarzecka et al., 2020a; Zonenschain 
et al., 2009). However, very few strains (30%) showed resist-
ance to tetracycline in our study. The report on susceptibility 
of Weissella spp. was published recently by Jang and his 
team (Jang et al., 2021). They showed that Weissella spp. 
were resistant to vancomycin and kanamycin with MIC cut 
off more than 256 mg/L. Whereas, in our analysis resistance 
was also recorded for ampicillin and erythromycin besides 
vancomycin and kanamycin. This variation between the two 
studies indicates the complexity of food matrices which 
may facilitate the resistance gene transfer through the HGT 
mechanism.

PCR amplification of resistance gene loci of LAB 
isolates

The isolates were tested for the presence of antibiotic resist-
ance gene determinants by using PCR amplification method. 
The tested isolates are given in the Table S4, where 18 
isolates were subjected to check the presence of different 

Fig. 2  (A)  Number of isolates showing resistance and sensitivity 
towards different antibiotics; Maximum % of resistance was observed 
in kanamycin (86%), erythromycin (86%) and trimethoprim (83%). 
LR  LAB resistant; LS  LAB sensitive. (B)  Prevalence of antibiotic 

susceptibility of LAB isolates; NIFTEM 50, NIFTEM 75 and NCDC 
405 showed resistance to a maximum 11 antibiotics out of 14 used. 
R Resistant; S Sensitive
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gene loci of resistance through PCR amplification reaction 
protocol. Isolates DVM 95.7, NIFTEM 95.8, NIFTEM 51, 
NIFTEM 63, SKL1 and NIFTEM 67 showed tet(M) resist-
ance gene in PCR amplification reaction while isolates DVM 
95.7 and NIFTEM 95.8 showed the presence of erm(B) gene 
(Fig. S1 a–c).

The isolate AKO 94.6 did not show any of the genetic 
determinants in PCR reactions but it was discerned to show 
the phenotypic resistance for both erythromycin and tetra-
cycline. This might be either due to the presence of spe-
cific resistant gene loci [tet(W) and erm(C)] other than that 
were studied here in the isolates or due to some unknown 
underlying genetic determinants. It could also be explained 
with the fact that the resistance might have occurred due to 
mutations in the strain during study (Wang and Lu, 2019). 
However, there was no resistance offered phenotypically 
by the isolates NIFTEM 63 (Enterococcus thailandicus) 
and NIFTEM 67 (Enterococcus faecium) against the tetra-
cycline antibiotic. Similarly, in the isolate DVM 95.7, no 
phenotypic resistance was observed for erythromycin but 
resistance gene loci erm(B) was detected in PCR amplifica-
tion results. This could be explained with a reasoning that 
the genes are expressed either at a very low level or they 
are down regulated or could be due to some inactive gene 
product (Eaton and Gasson, 2001; Wang and Lu, 2019). The 
result can also be explained by the method dependent sus-
ceptibility tests where some strains showed higher MICs 
when inoculum size was increased with longer incubation 
time period (Anisimova and Yarullina, 2018; Egervärn et al., 
2007). The determinant tet(M) was found linked with chro-
mosomal genes in the tested isolates while we detected that 
the loci of erm(B) gene was associated with plasmid DNA 
of Lactobacillus isolates. We also detected the presence of 
xis (excisionase) gene from Tn916 family of transposons in 
our study in the isolates DVM 95.7, NIFTEM 95.8 NIFTEM 
63 and NIFTEM 67 only (Fig. S2 a & b). The result could 
be interpreted with the fact that xis gene belonged to con-
jugative transposon family (Tn916) linked with tet and erm 
gene loci. Therefore, presence of xis gene of transposon may 
lead to the transfer of the resistance gene loci to the other 
sensitive LAB species or pathogenic bacteria (Ammor et al., 
2007; Anisimova and Yarullina, 2018; Bellanger et al., 2014; 
Devirgiliis et al., 2009; Gazzola et al., 2012; Gueimonde 
et al., 2013; Ojha et al., 2021; Preethi et al., 2017; Thumu 
and Halami, 2019; Zarzecka et al., 2020).

Lactobacillus spp. are the dominant group of LAB found 
in fermented food and harbor erm(B) gene frequently in their 
several strains (Ammor et al., 2007; Anisimova and Yarul-
lina, 2019, Anisimova and Yarullina, 2018; Gueimonde 
et al., 2013; Guo et al., 2017; Huys et al., 2007; Nawaz 
et al., 2011; Zarzecka et al., 2020). Whereas tet(M) gene 
was reported by many group of researchers earlier in strains 
Lactobacillus species (Anisimova and Yarullina, 2019, 

Anisimova and Yarullina, 2018; Campedelli et al., 2019; 
Huys et al., 2007; Nawaz et al., 2011; Zarzecka et al., 2022). 
The genetic determinant erm(B) is a macrolide resistance 
gene which codes for the enzyme rRNA methylase acting on 
the 23S ribosomal subunit whereas, gene tet(M) codes for 
the ribosomal protection proteins. Previously many strains of 
Lactobacillus have been reported to contain these genes cod-
ing for macrolide resistance and ribosomal protection pro-
teins (Anisimova and Yarullina, 2019, Anisimova and Yarul-
lina,2018; Ashraf and Shah, 2011; Chandra et al., 2012; 
Gueimonde et al., 2013; Microbiol et al., 2011; Preethi et al., 
2017; Thumu and Halami, 2019; Zarzecka et al., 2020). 
Since, genes encoding these resistance are found frequently 
on mobile genetic elements like conjugative plasmid and 
transposons. Therefore, these genes must be investigated in 
detail along with their ability of transfer through horizontal 
gene mechanisms. The other genetic determinants such as 
tet(S), tet(O), erm(A) and int for resistance were not detected 
in PCR gene amplification study.

MAR index bar plot/heatmap antibiogram

Based on the resistance to n number of antibiotics (Table 2), 
a MAR index bar plot was constructed. The index plot indi-
cates the occurrence of multi drug resistance (MDR) among 
a majority of the strains included in our study. Except for the 
strain Limosilactobacillus fermentum NCDC 400, the MAR 
index is higher in all the strains (> 0.3) (Fig. 3a). Bacteria 
with a value of MAR index less than 0.2 are considered 
less risky from the food safety aspects. But a higher MAR 
index value (> 0.2) makes a strain riskier and more hazard-
ous for consumption through food. Three strains (Enterococ-
cus durans NIFTEM 50, Enterococcus faecium NIFTEM 
75, and Lactobacillus delbreukii NCDC 405) were showing 
the MAR value much higher (0.79) making these strains 
highly risky for usage in food. High MAR index (> 0.3) 
in all the isolates (except NCDC 400) suggests the over-
exposure of isolates to the antibiotics at a sub-therapeutic 
level. Several factors like the presence of resistance genes, 
previous source/niche of isolates and indiscriminate use of 
antibiotics in humans and food/feed animals, could lead to 
the emergence of AMR (Nataraj et al., 2021). An antibio-
gram of resistant phenotypes against 14 different antibiotics 
showed the prevalence of phenotypic AMR in fermented 
food isolates (Fig. 3b). The heatmap indicates the existence 
of MDR among the LAB cultures (> 50%) and verifies the 
MAR index data. Antibiogram heatmap analysis is a two-
dimensional data visualization technique that depicts the 
values in color codes. Nonetheless, mostly the heatmaps 
are used in the field related to omics studies to visualize the 
large data sets. However, to envisage the clustering pattern, 
limited attempts have been made to segregate and thereafter 
select the target bacteria with desired phenotypes (Nataraj 
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et al., 2021). In this study, the generated heatmap showed a 
high pattern of resistance among the LAB.

Principal component analysis (PCA)

A multivariate analysis through PCA biplot was carried out 
on phenotypic resistance in the isolates against different 
classes of antibiotics. Biplot represents here both the score 
(dots) and loading (vectors) plots. The vectors (variables) 
representing the different classes of antibiotics are positively 
correlated except for the antibiotics trimethoprim and gen-
tamycin which are negatively correlated. Variability among 
the resistant phenotypes was discernible with a pattern of 
antibiotic resistance (Fig. 4a). A total of 44.8% variance was 
observed by the first two components (PC1 and PC2) with 
30.2% and 14.6% variance by each of them respectively. The 
majority of the isolates belonging to different Lactobacillus 
species were clustered in the upper right part of the quadrant. 

Very few isolates were placed in the slightly lower left of 
the quadrant with negative PC2. A scree plot confirms the 
extent of variation of each component represented by the 
components PC1 and PC2 (Fig. 4b). PCA is a widely used 
statistical approach for reducing the complexity of multi-
variate data and explaining the inter-relationship between 
multiple variables by reducing the dimensions of the original 
variables (György et al., 2021; Nataraj et al., 2021). PCA 
has been used to classify the antibiotic resistance bacteria 
in the environment (Alves et al., 2014; György et al., 2021; 
Kappell et al., 2015). In the present study, multi drug resist-
ance of 30 LAB isolates against 14 different antibiotics was 
graphically interpreted through a three-dimensional plot.

Antibiotic resistant LAB may be advantageous for 
patients with antibiotic-induced diarrhoea because these 
strains can survive under the selective pressure of antibiotic 
resistance and contribute to the restoration of gastrointestinal 
stasis (Charteris et al., 1998; Stefańska et al., 2021; Wang 

Table 2  Pattern of antibiotic resistance of LAB isolates

S. no. Isolate ID Antibiotic resistance MAR index

1 Limosilactobacillus fermentum AKO 94.6 AMP, CHL, CIP, ERY, KAN, LNZ, STR, TET, VAN 0.64
2 Limosilactobacillus fermentum DVM 95.7 AMP, CHL, CIP, ERY, KAN, LNZ, STR, TET, TMP, VAN 0.71
3 Limosilactobacillus fermentum NIFTEM 95.8 AMP, CHL, CIP, ERY, STR, VAN 0.43
4 Enterococcus thailandicus NIFTEM 30 AMP, CHL, CLI, ERY, GEN, KAN, LNZ, RIF, TMP 0.64
5 Enterococcus durans NIFTEM 32 AMP, CHL, ERY, GEN, KAN, LNZ, TMP 0.50
6 Enterococcus durans NIFTEM 33 AMP, CHL, ERY, GEN, KAN, LNZ, TMP 0.50
7 Enterococcus thailandicus NIFTEM 43 AMP, CIP, ERY, GEN, KAN, LNZ, STR, TMP 0.57
8 Enterococcus durans NIFTEM 50 AMP, CHL, CIP, CLI, ERY, GEN, KAN, LNZ, RIF, STR, TMP 0.79
9 Enterococcus durans NIFTEM 51 AMP,CHL, CIP, ERY, KAN, LNZ, RIF, TET, TMP 0.64
10 Enterococcus durans NIFTEM 58 AMP, CHL, CIP, CLI, GEN, KAN, RIF, STR, TMP 0.64
11 Enterococcus thailandicus NIFTEM 63 AMP, CHL, ERY, GEN, KAN, LNZ, TMP 0.50
12 Limosilactobacillus fermentum SKL1 CIP, KAN, STR, TET, TMP, VAN 0.64
13 Weissella ciberia BHI2 AMP, CHL, CIP, ERY, GEN, KAN, RIF, STR, TMP, VAN 0.79
14 Weissella confusa BHI5 AMP, CHL, CIP, ERY, KAN, LNZ, RIF, STR, TMP, VAN 0.43
15 Weissella ciberia BHD1 AMP, CHL, CIP, ERY, KAN, LNZ, RIF, STR, TMP, VAN 0.71
16 Leuconostoc pseudomesenteroides BHD2 AMP, CHL, CIP, ERY, KAN, LNZ, STR, TMP, VAN 0.71
17 Enterococcus faecium NIFTEM 67 AMP, CHL, CIP, ERY, GEN, KAN, LNZ, STR, TMP 0.71
18 Enterococcus faecium NIFTEM 75 AMP, CHL, CIP, CLI, ERY, GEN, KAN, LNZ, RIF, STR, TMP 0.64
19 Lactobacillus acidophilus NCDC 291 CIP, CLI, ERY, GEN, KAN, LNZ, TMP 0.50
20 Lactobacillus delbreukii NCDC 405 AMP, CHL, CIP, CLI, ERY, GEN, KAN, LNZ, STR, TMP, VAN 0.79
21 Lactobacillus delbreukii NCDC 184 AMP, CHL, KAN, STR, TET, TMP, VAN 0.50
22 Limosilactobacillus fermentum NCDC 141 CLI, ERY, KAN, STR, TET, VAN 0.43
23 Limosilactobacillus fermentum NCDC 156 CHL, CIP, ERY, TMP, VAN 0.36
24 Limosilactobacillus fermentum NCDC 400 CIP, ERY, TMP, VAN 0.29
25 Lactobacillus helveticus NCDC 194 CHL, CIP, ERY, KAN, STR, TET, TMP, VAN 0.57
26 Lactobacillus helveticus NCDC 288 CLI, ERY, KAN, LNZ, STR, TET, TMP, VAN 0.57
27 Lactiplantibacillus plantarum NCDC 372 CIP, ERY, KAN, STR, VAN 0.36
28 Lacticaseibacillus rhamnosus NCDC 24 CIP, ERY, KAN, STR, TMP, VAN 0.43
29 Lacticaseibacillus rhamnosus NCDC 610 CHL, CIP, GEN, TMP, VAN 0.36
30 Ligilactobacillus salivarius NCDC 696 CHL, CIP, CLI, ERY, GEN, KAN, STR, TET, VAN 0.64
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et al., 2019). However, LAB employed in food fermentation 
should not be antibiotic resistant from a food safety stand-
point. A large number of LAB cells enter the human gut 
through various food sources and starter cultures and inter-
act with the resident intestinal microbiota. Since antibiotic 
resistance genes have previously been shown to have the 
ability to be transferred horizontally to commensal bacteria 

or enteric pathogenic bacteria posing a major hazard to 
food safety and public health, hence they are essential to be 
mapped (Mathur and Singh, 2005; Ojha et al., 2021; Preethi 
et al., 2017). LAB used in the food industry must not carry 
the transferable antibiotic resistance determinants. There-
fore, a critical inspection of antibiotic resistance in LAB 
is required to cease the undesirable resistant gene transfer. 

Fig. 3  (A)  MAR (Multiple antibiotic resistance) index plot of LAB 
isolates isolated from fermented food stuffs. Values > 0.2 indicates 
multiple drug resistance incidence. A maximum value (0.79) was 
recorded in NCDC 405, NIFTEM 75 and NIFTEM 50. NCDC 400 
showed the least MAR score (0.29). B  Antibiogram represented 

through heatmap. Rows represent the LAB isolates while columns 
are the 14 antibiotics used in the study. Blocks in red represent the 
isolates showing resistance to antibiotics while green blocks represent 
the susceptible strains. Abbreviations of antibiotics are mentioned in 
“materials and methods” section

Fig. 4  (A) Principal Component Analysis (PCA) biplot of LAB iso-
lates on the basis of phenotypic antibiotic resistance against different 
classes of antibiotics. The red points represent all the isolates of Lac-
tobacillus species, black points for Enterococcus spp. isolates, blue 
for Weissella spp. isolates whereas aqua point represents the isolate 
from Leuconostoc species. Green arrows denote the antibiotics used 

to check the susceptibility of the isolates. A cumulative variability 
of 44.8% was observed from the two components PC1 (30.2%) and 
PC2 (14.6%) representing the total variability of all the variables. 
(B) Scree plot showing the different components with their respective 
eigen values
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Most importantly, a high percentage of strains showing 
resistance is of grave concern to the food and healthcare 
sectors and must be taken sternly with proper management 
of antibiotic usage.

A variety of traditional Indian dairy products studied to 
determine/estimate the incidence of antibiotic resistance 
in LAB isolates showed a high rate of prevalence of anti-
biotic resistance among the strains. All the tested isolates 
showed resistance to multiple antibiotics (≥ 1.0 or ≤ 256 µg/
ml) used in the study. A pattern of multidrug resistance was 
observed among the strains. Although the strains belong to 
a group (LAB) that is known to provide benefits rather than 
being detrimental to human health. However, the presence 
of acquired resistance to antibiotics such as erythromy-
cin, tetracycline, and vancomycin cannot be undermined. 
Since these antibiotics are amongst the majorly used drugs 
in the clinical and animal feed system. Hence, a successful 
screening of antibiotic resistant LAB cultures is required 
in fermented food products. The genes responsible for the 
resistance should be detected to check the probability of 
their transfer through HGT. The judicious use of antibiotics 
must be implemented through general awareness. Further, 
the safety evaluation of LAB consumption must be guided 
through standard and regulatory methods established by 
competent authorities.
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