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Abstract

This study analyzed 10 commercial probiotic dietary supplements for the enumeration and identification of
lactobacilli and bifidobacteria, as well as their antibiotic resistance profiles. The isolated strains were identified
using molecular methods, and their resistance to 18 antibiotics was assessed using the disc diffusion method. Four
of the tested products had a lower number of viable bacteria than stated on the label. A total of 13 presumptive
lactobacilli and bifidobacteria strains were identified using molecular methods. The results showed discrepan-
cies between the bacterial species listed on the labels of some products and the actual strains present. All of the
Lactobacillus strains were resistant to methicillin, cefoxitin, and vancomycin. Furthermore, low levels of resistance
to cefazolin, enrofloxacin, ciprofloxacin, norfloxacin, kanamycin, and trimethoprim was observed in Lactobacillus
spp. All Bifidobacterium strains were resistant to methicillin and vancomycin. In addition, Bifidobacterium spp.
strains that were resistant to cefazolin, cefoxiti, kanamycin, norfloxacin, ampicillin, clindamycin, enrofloxa-
cin, trimethoprim, and ciprofloxacin were determined. Multidrug resistance was found in all Lactobacillus and
Bifdobacterium strains. Finally, MDR rates were found to be 100% in both Bifidobacterium and Lactobacillus spe-
cies. The MAR index indicated a high-risk source of contamination for most strains, with 11 out of 13 strains
exceeding the threshold of 0.2. These findings emphasize the critical role of precise labeling in fostering consumer
trust and enabling informed decision-making. Antibiotic resistance should be regarded a significant part of the
safety assessment of probiotics. Novel approaches will be essential for addressing MDR bacteria. MAR index find-
ings highlight the need for stricter quality control in probiotic product labeling and a closer examination of antibi-
otic resistance in probiotic strains, given their potential implications for health and safety.

Keywords: Label correctness, antibiotic resistance, probiotics dietary supplements, Bifidobacterium spp., Lactobacillus
Spp.
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Introduction

Microorganisms are ubiquitous components of the
biosphere, colonizing both biotic and abiotic habitats.
The human gut, in particular, hosts an incredibly complex
ecosystem formed through microbial colonization. These
microorganisms are essential for maintaining the host’s
physiological balance through symbiotic interactions
(Requena et al., 2018). The growing understanding of
the complex interplay between the microbiome and host
health has prompted a renewed interest in manipulating
the gut microbiome for therapeutic purposes. This brings
the concept of probiotics (Latin for “for life”), an old
expression of the modern age, defining the bacterial asso-
ciation that modulates the gut microbiota and promotes
health, which is rooted in the early 20th century with the
works of Ilya Metchnikoff (Brunser and Gotteland, 2010).
Probiotic research encompasses a multifaceted approach,
such as (i) the establishment of rigorous selection crite-
ria for probiotic strains (of human origin, able to survive
under host gastrointestinal system conditions, have spe-
cific health effects when consumed, suitable for industrial
scale production, able to survive under storage conditions,
etc.), (ii) the isolation of elite probiotic strains (Lactic
acid bacteria: Lactobacillus spp., Bifidobacterium spp.,
Streptococcus spp., Lactococcus lactis, and some species
of Enterococcus spp.) (Argyri et al., 2013), spore-forming
species: Bacillus spp. (Cutting, 2011), nonpathogen yeast:
Saccharomyces cerevisiae boulardii (Vohra et al., 2016),
and (iii) the elucidation of their potential health benefits at
various dosage levels (Requena et al., 2018).

The COVID-19 pandemic has catalyzed more rapid
growth in the global probiotic market, which was already
expanding (Misra et al., 2021). Previously consumed by
individuals seeking to alleviate digestive issues or adopt
a healthier lifestyle, probiotics have become a first-line
choice for consumers aiming to bolster their immune
systems in the wake of the pandemic. Although SARS-
CoV-2 is the causative agent of severe acute respiratory
syndrome, it has been reported that it can also induce
gastrointestinal infections (Nayebi et al., 2022). Oral pro-
biotics have been shown to exhibit antiviral effects and
improve gut health to restore homeostasis (Hung et al.,
2021), leading to their recommendation as adjunctive
therapy for COVID-19 (Xavier-Santos et al., 2022). In this
context, while probiotics are generally thought to inhibit
microbial adhesion, enhance intestinal barrier function,
and strengthen the immune system (Stavropoulou and
Bezirtzoglou, 2020), they are also reported to exert spe-
cific effects, including modulation of cytokine produc-
tion by influencing intestinal epithelial cells, increased
IgA secretion, activation of phagocytosis, modulation of
regulatory T cell function, promotion of dendritic cell
maturation, reinforcement of mucosal barriers, and reduc-
tion of viral entry (Bottari et al., 2021; Patra et al., 2021).

Identification and antibiotic resistance of probiotic dietary supplements

These mechanisms are believed to facilitate viral clearance
and prevent bacterial coinfections associated with COVID-
19 (Patra et al., 2021). In addition to consumer demands,
the probiotic market, restricted to a narrow product range,
has experienced significant expansion during the pan-
demic, driven by the introduction of new product varieties
and the growth of e-commerce platforms. In this context,
the probiotic market projections indicate a market value of
77.09 billion USD by 2025 (Baral et al., 2021).

Consumers may prefer commercial probiotic dietary
supplements over other probiotic forms because of their
ease of transportation, consumption, dosage control, and
longer shelf life (Zheng et al., 2017). Probiotic dietary
supplements, which come in various formats such as
capsules, tablets, powders, and liquids, typically contain
millions to billions of commercially manufactured probi-
otic bacteria, often representing a diverse combination of
genera and species (Meybodi et al., 2017).

While the ideal dosage of probiotics remains a subject
of ongoing research, the recommended daily intake of
probiotics ranges from 10° to 10° CFU/mL or g via-
ble microorganisms. The optimal dosage of probiotics
may fluctuate based on the specific strain, the intended
health outcomes, the administration duration, the pro-
biotic product type, and the probiotic strain’s viability
(Aureli et al., 2010; Martinez et al., 2015; Mazzantini
et al., 2021). On the other side, the various factors,
including exposure to water, oxygen, strong acids, bile,
heat, etc., during storage and oral administration, may
also influence the viability and dosage levels of probiot-
ics (Russell et al., 2011; Wang et al., 2022a). Given the
strain-specific nature of probiotic efficacy and viability,
rigorous identification and characterization of candi-
date probiotic strains is imperative (Soccol et al., 2014).

In 2017, the Council for Responsible Nutrition (CRN)
and the International Probiotics Association (IPA) issued
guidelines for probiotic labelling build upon the FAO/
WHO guidelines (2002) by providing more specific rec-
ommendations tailored to the United States regulatory
frameworks. Aiming to ensure consumers have access
to accurate and informative labelling for probiotic prod-
ucts, both guidelines emphasize the importance of taxo-
nomic identification, recommended serving size, health
claims, storage conditions, and manufacturer contact
information. CRN/IPA also introduces the concept of
“quantitative declaration” (the explicit indication of the
viable cell count in colony-forming units) and declara-
tion of the total count of microorganisms for multispe-
cies formulations (Council for Responsible Nutrition and
International Probiotics Association, 2017).

For the reasons discussed above, accurate labelling
of commercial probiotic products is paramount to
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empowering consumers to make informed choices
(Korona-Glowniak et al., 2019; Martinez et al., 2015). A
consensus among researchers highlights the prevalence
of inaccuracies in probiotic product labelling regard-
ing the overestimation of viable cell counts and the
misidentification of probiotic strains (Lugli et al., 2019;
Mazzantini et al., 2021; Morovic et al., 2016).

The escalating global prevalence of antibiotic resistance
has raised concerns. In the concept of probiotics, the
precautionary assessment that candidate probiotic bac-
teria selected for use do not harbor transferable antibi-
otic resistance genes is strongly emphasized by the FAO/
WHO (2001). While probiotic strains of Lactobacillus
and Bifidobacterium are generally regarded as genetically
stable, the presence of high concentrations of probiotics
in dietary supplements could create potential risks for
antibiotic resistance (Zheng et al., 2017). In recent years,
emerging evidence suggests that the potential for micro-
organisms in probiotic dietary supplements may serve
as reservoirs for antibiotic resistance genes (Aziz et al.,
2022; Gundogdu et al., 2023; Wong et al., 2015). This has
raised significant concerns regarding the risk of horizon-
tal gene transfer of antibiotic resistance determinants
from probiotics to opportunistic pathogens within the
intestinal microbiota (Aziz et al., 2022).

The primary objective of this study was to quantita-
tively enumerate and identify the Lactobacillus and
Bifidobacterium strains present in commercially avail-
able probiotic dietary supplements widely marketed in
Turkiye, and to assess previews of their resistance to clin-
ically relevant antibiotics.

Materials and Methods
Sampling

A total of 10 samples were randomly purchased from
retailers in Ankara, Tiirkiye. Seven different brands
(A-G) of probiotic dietary supplements, marketed in
sachet, capsule, tablet, and drop formulations, were sub-
jected to analysis. Table 1 lists the product brand codes
(A—@G), sample numbers, types of products, and probiotic
culture(s) claimed on the label. The samples, preserved
in their original manufacturer-sealed packaging, were
transported to the laboratory, maintaining cold chain
requirements and aseptic conditions. The supplements
were stored at 4°C and examined before expiration.

Microbial reference strains

To ensure the consistency and accuracy of assays,
Lactiplantibacillus plantarum (formerly Lactobacillus

plantarum) LMG2003, Latilactobacillus sakei (for-
merly Lactobacillus sakei) NCDO2714, Bifidobacterium
longum, Staphylococcus aureus ATCC25923, and
Escherichia coli LMG3083 (ETEC) were used as ref-
erence strains and kindly obtained from the culture
collection of Microbiology Laboratory, Department
Engineering, Faculty of Food Engineering, Ankara
University.

Preparation of diluents

One gram or one milliliter of each probiotic dietary sup-
plement was thoroughly suspended in 99 mL of Mitsuoka
Buffer (4.5 g potassium dihydrogen phosphate, 6.0 g diso-
dium hydrogen phosphate, 0.5 g L-cysteine HCI, 0.5 g
Tween-80) and subsequently incubated for 30 minutes at
37°C. Serial dilutions were performed up to 1077, utiliz-
ing Mitsuoka Buffer as the diluent medium (Champagne
et al., 2011; Vinderola et al., 2019).

Enumeration and isolation of Lactobacillus and
Bifidobacterium species

For isolation of Lactobacillus spp., 0.1 mL of each dilu-
tion was aseptically inoculated on MRS Agar (de Man
Rogosa Sharpe; Merck™, Germany) supplemented with
0.05% sistein and incubated under controlled condi-
tions at 37°C for 72 hours. Post-incubation, the viable
cell count was determined by enumerating the colonies
on agar plates with a colony range of 30-300, using a
Quebec colony counter. The results were expressed as
colony-forming units per dose (CFU/dose). Selected five
representative colonies were transferred to MRS broth
(Merck™, Germany) and incubated at 37°C for 18-24
hours (Todorov et al., 1999).

For isolation of Bifidobacterium spp., one milliliter of
each dilution was inoculated to the sterile Petri dishes
and poured over with melted MRS-NNLP agar supple-
mented with 100 pg/mL neomycin sulfate, 15 pg/mL
nalidixic acid, 3 mg/mL lithium chloride, 200 pg/mL
paramomycin sulfate, and 0.5 g/mL L-cysteine HCL. The
plates were incubated anaerobically at 37°C for 72 hours
using an anaerobic jar (GENbag anaer from bioMérieux).
Post-incubation, the viable cell count was determined
by enumerating the colonies on agar plates with a col-
ony range of 30-300, using a Quebec colony counter.
The results were expressed as colony-forming units per
dose (CFU/dose). Selected five representative colonies
were transferred to MRS+0.05% sistein broth (Merck™,
Germany) and incubated at 37°C for 18—24 hours under
anaerobic conditions (Todorov et al., 1999). For each
microbial group, the experiments were repeated in
triplicate.
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Following microscopic examination to elucidate their
morphological characteristics, presumptive Lactobacillus
spp. and Bifidobacterium spp. isolates were stored at
-20°C using MRS broth and MRS+0.05% sistein broth,
respectively. Both media contained 40% (v/v) glycerol
(Merck™, Germany) for cryoprotection.

Phenotypic and molecular identification of isolates

The identification of isolates employed a multifaceted
approach, encompassing both phenotypic and geno-
typic characterization. Phenotypic characterization of
Lactobacillus and Bifidobacterium isolates involved a
preliminary evaluation, including assessment of cellular
morphology, Gram staining reaction, and catalase activ-
ity, as described by Temiz (1999). Gram-positive, cata-
lase-negative, rod-shaped isolates obtained from MRS
agar supplemented with 0.05% cysteine were tentatively
identified as members of the genus Lactobacillus. Gram-
positive, catalase-negative isolates exhibiting a bifurcated
morphology reminiscent of branching were tentatively
classified as members of the genus Bifidobacterium
from MRS-NNLP agar. The molecular identification of
the strains was achieved by 16S rRNA gene sequencing,
following the protocol detailed below.

Genomic DNA was extracted from the isolates using
the Cell CV mini kit (Gene All, Catalog No: 106-101),
and DNA concentration and purity were evaluated
spectrophotometrically using a NanoDrop ND-2000
spectrophotometer ~ (Thermo  Fischer  Scientific,
Waltham, MA, USA). The resulting DNA samples were
stored at -20°C. Amplification of the 16S rRNA gene
region was conducted using polymerase chain reac-
tion (PCR). The 2xPCR Master Mix (WizPure, Catalog
No: 1401) was employed with an Applied Biosystems™
Pro Flex Thermal Cycler. Universal primers 27F
(5-AGAGTTTGATCMTGGCTCAG-3’) and 1492R
(5-CCGTCAATTCCTTTRAGTTT-3") were amplified.
Each 20 pL PCR reaction comprised 10 pL of 2xPCR
Master Mix, 0.5 pL each of forward and reverse primers
(100 pmol each), 2 pL of genomic DNA (100 ng/pL), and
nuclease-free water to final volume. The PCR amplifica-
tion protocol consisted of 35 cycles, each comprising the
following steps: (i) the initial denaturation step at 95°C
for 5 minutes to denature the double-stranded DNA tem-
plate fully, (ii) the denaturation step at 95°C for 30 sec-
onds to ensure complete denaturation of the template
DNA, (iii) the annealing step at 52°C for 30 seconds to
facilitate specific primer annealing to the target 16S rRNA
gene region, (iv) the extension step at 72°C for 30 seconds
to allow Taq polymerase to extend the annealed primers
and amplify the target DNA, and (v) the final extension
step at 72°C for 5 minutes to ensure complete extension
of all amplicons. DNA fragments were electrophoresed

Identification and antibiotic resistance of probiotic dietary supplements

in 1% (w/v) agarose gels to verify successful amplification.
The O’Gene RulerTM 1000-bp DNA ladder (Fermentas,
Finland) served as a size marker. To evaluate the integ-
rity of the amplified DNA fragments, ethidium bromide
staining (0.2 ug/mL) was followed by visualization under
ultraviolet (UV) illumination using a Kodak Gel Logic
200 Imaging System (Kodak, USA). Subsequent purifi-
cation using ExoSAP-IT Express PCR Cleanup Reagents
(Thermo Fisher Scientific, Catalog No: 75001.200.UL)
eliminated residual primers and unincorporated dNTPs,
the purified DNA to be submitted for sequencing at
Atlas Biotechnology (Ankara, Tiirkiye). To elucidate the
taxonomic identity of the isolates, the generated 16S
rRNA gene sequences were subjected to a comparative
analysis against the National Center for Biotechnology
Information (NCBI) 16S rRNA sequence database uti-
lizing the Basic Local Alignment Search Tool (BLAST)
program. L. plantarum LMG2003 and B. longum were
employed as control strains to validate the accuracy of
the identification process.

Assessment of antibiotic resistance testing

Antibiotic  resistance of  Lactobacillus  and
Bifidobacterium strains was conducted using the Kirby—
Bauer disk diffusion method on Mueller—Hinton agar
(Merck, Germany), as described by Bauer et al. (1966).
Commercially available antibiotic discs (Oxoid, UK)
were employed to assess resistance to a diverse panel
of 18 commonly prescribed antibiotics, and the tests
were performed in duplicate. The antibiotics employed
in the study encompassed the following classes: (i)
Beta-lactams: Ampicillin (10 pg/disc), methicillin (5 pg/
disc), penicillin G (10 pg/disc), cefazolin (30 pg/disc),
cefoxitin (30 pg/disc), (ii) Glycopeptides: Vancomycin
(30 pg/disc), (iii) Aminoglycosides: Gentamicin (10 pg/
disc), kanamycin (30 pg/disc), streptomycin (10 ug/
disc), (iv) Phenicols: Chloramphenicol (30 pg/disc), (v)
Lincosamides: Clindamycin (2 pg/disc), (vi) Macrolides:
Erythromycin (15 pg/disc), (vii) Tetracyclines:
Tetracycline (30 pg/disc), (viii) Fluoroquinolones:
Enrofloxacin (5 pg/disc), Ciprofloxacin (5 pg/disc),
Norfloxacin (10 pg/disc), (ix) Rifamycins: Rifampin
(5 pg/disc), and (x) Trimethoprim: Trimethoprim (5 pg/
disc). The plates with antibiotic discs were incubated at
room temperature for at least 20 minutes prior to incu-
bation at 37°C for 24—48 hours. Following incubation,
the diameters of the inhibition zones were measured,
and isolates were categorized as susceptible, intermedi-
ate, or resistant based on the criteria established by the
Clinical Laboratory Standards Institute (CLSI, 2016) and
Charteris et al. (1998). L. plantarum LMG2003, L. sakei
NCDO2714, B. longum, S. aureus ATCC 25923, and E.
coli LMG3083 (ETEC) were included in the testing as
quality control strains.
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Isolates exhibiting resistance to three or more antibi-
otic classes were considered multidrug-resistant (MDR).
The MAR index was also calculated using the formula
described by Krumperman (1983): MAR index = number
of antibiotics to which an isolate is resistant/total num-
ber of antibiotics tested.

Statistical analysis

Statistical analyses were conducted using SPSS version
26. Analysis of variance (ANOVA) was employed to eval-
uate differences between antibiotic groups. A p-value less
than 0.05 was considered statistically significant.

Results

Enumeration and identification of Lactobacillus and
Bifidobacterium species

A total of 10 probiotic food supplements includ-
ing four sachets, three capsules, two tablets, and one
drop are reported in Table 1 in terms of enumera-
tion and identification of the contained lactobacilli
and bifidobacteria. The agents and their labeled per
dose composition were as follows: Al, Lactobacillus
acidophilus, Lactobacillus rhamnosus (new name
Lacticaseibacillus rhamnasus), Lactobacillus casei
(new name Lacticaseibacillus casei), Bifidobacterium
bifidum, 5x10° CFU/dose; B2, Streptococcus thermo-
philus, B.bifidum, Bifidobacterium infantis, B. longum,
Lactobacillus helveticus, L. acidophilus, Lactobacillus
bulgaricus (new name Lactobacillus delbrueckii subsp.
bulgaricus) (800 mg); C3, L. plantarum 299v, 10'°
CFU/dose; C4, L. plantarum HEAL9, Lactobacillus
paracasei (new name Lacticaseibacillus paraca-
sei) n8700:2, 10° CFU/dose; D5, L. acidophilus L1, L.
rhamnosus liobif, B. longum LBL-01, Saccharomyces
boulardii, 10x10° CFU/dose; E6, S. thermophilus, L.
plantarum, B. longum, Bifidobacterium breve, 2.3x10°
CFU/dose; E7, B. infantis, B.breve, B. longum, B. bif-
idum, 5x10% CFU/dose; E8, Enterococcus faecium,
L. acidophilus, L. rhamnosus, B. longum, B. bifidum,
2.5x10% F9, Bifidobacterium animalis spp. lactis
B94, 5x10° CFU/dose; G10, L. acidophilus La-14, L.
helveticus, L. rhamnasus Lr-32, B. longum BI-05, B.
infantis Bi-26, Bifidobacterium lactis BI-04, Bacillus
subtilis, B.bifidum Bb-06, L. plantarum Lp-115, L.
bulgaricus Lb-87, Lactobacillus reuteri (new name
Limosilactobacillus reuteri) 1E1, L. paracasei Lpc-37,
Lactobacillus brevis Lbr-35, S. thermophilus St-21,
10x10° CFU/dose. According to the label, 2 of 10 prod-
ucts contained monoculture bifidobacteria (E7, F9), 2
products contained monoculture lactobacilli (C3, C4),
and 6 of them included mixed cultures.

The labeled number of cells and the counts (CFU)
obtained for a unit dose (one capsule, one sachet, one
tablet, or six drops) of each product can also seen in
Table 1. Bacterial enumeration revealed that A1, E6, E7,
and F9 have a lower content of viable cells than claimed.
C3, C4, D5, E8, and G10 products were in agreement with
their labels in the aspect of viable amount of bacteria. B2
packaging claimed a weight rather (800 mg) than a unit
concentration and was found to have 6x10” CFU/dose
Lactobacillus spp., 1.2x107 CFU/dose Bifidobacterium
spp. None of the products that claimed to contain
monocultures Bifidobacterium (E7, F9) were detected
in bifidobacteria, but all products that claimed to con-
tain monocultures Lactobacillus (C3, C4) contained the
claimed culture concentration.

Thirteen presumptive lactobacilli or bifidobacteria
strains were purely isolated and were phenotypically
characterized. All the isolates were found to be Gram
positive and catalase negative. Next, eight lactobacilli iso-
lates and five bifidobacteria isolates were identified at the
species level (Table 2). A1 and D5 evaluated were incom-
patible with the bacterial species claimed on the label. A1
product contained Lacticaseibacillus paracasei subsp.
tolerans rather than L. acidophilus, L. rhamnasus, or L.
casei mentioned on the label; similarly, the D5 contained
B. infantis instead of B. longum stated on the label.

Lactiplantibacillus plantarum and Lacticaseibacillus
rhamnosus were formerly known as Lactobacillus
plantarum and Lactobacillus rhamnosus, respectively
(Echegaray et al., 2022; Mathipa-Mdakane and Thantsha,
2022; Zheng et al., 2020). Table 2 shows that up-to-date
names are not reflected in C3, C4, D5, E6, E8, and G10
products’ label information.

Antibiotic resistance

The antibiotic resistance of eight Lactobacillus and five
Bifidobacterium probiotic strains from probiotic food
supplements were analyzed by the disc diffusion method
and were classified as either resistant (R), intermedi-
ate (I), or susceptible (S) based on the inhibition zone
measured. A summary of the antibiotic resistance of
Lactobacillus and Bifidobacterium isolates were reported
in Table 3 and Table 4, respectively.

According to our results, all of the Lactobacillus strains
were resistant to methicillin, cefoxitin, and vancomy-
cin. Furthermore, resistance to cefazolin (37.5%), enro-
floxacin (25%), ciprofloxacin (50%), norfloxacin (50%),
kanamycin (37.5%), and trimethoprim (37.5%) was also
observed, although at slightly lower levels. In contrast,
none of the lactobacilli strains were resistant to ampi-

cillin, chloramphenicol, clindamycin, erythromycin,
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Table 1.

Product
brand code

Sample
No.

Preparation
form

Declared total
count
(CFU/Dose)

Identification and antibiotic resistance of probiotic dietary supplements

Labelled probiotic culture(s)

Declared and actual counts of viable bacteria in commercially available probiotic dietary supplements.

Viable microbial species
(CFU/dose)

0.05%
cysteine-MRS
agar

MRS-NNLP
agar

10

Sachet

Sachet

Capsules
Tablets

Capsules

Tablets

Drops

Sachet

Sachet
Capsules

5x10°

NS2

1010
10°

10x10°

2,3x10°

5x108

2,5%10°

5x10°
10x10°

Lactobacillus acidophilus
Lactobacillus rhamnosus
Lactobacillus casei
Bifidobacterium bifidum

Streptococcus thermophilus
Bifidobacterium bifidum
Bifidobacterium infantis
Bifidobacterium longum
Lactobacillus helveticus
Lactobacillus acidophilus
Lactobacillus bulgaricus

Lactobacillus plantarum 299v

Lactobacillus plantarum HEAL9
Lactobacillus paracasei 8700:2

Lactobacillus acidophilus L1
Lactobacillus rhamnosus liobif
Bifidobacterium longum LBL-01
Saccharomyces boulardii

Streptococcus thermophilus
Lactobacillus plantarum
Bifidobacterium longum
Bifidobacterium breve

Bifidobacterium infantis
Bifidobacterium breve

Bifidobacterium longum
Bifidobacterium bifidum

Enterococcus faecium
Lactobacillus acidophilus
Lactobacillus rhamnosus
Bifidobacterium longum
Bifidobacterium bifidum

Bifidobacterium animalis spp. lactis B94

Lactobacillus acidophilus La-14
Lactobacillus helveticus
Lactobacillus rhamnasus Lr-32
Bifidobacterium longum BI-05
Bifidobacterium infantis Bi-26
Bifidobacterium lactis BI-04
Bacillus subtilis
Bifidobacterium bifidum Bb-06
Lactobacillus plantarum Lp-115
Lactobacillus bulgaricus Lb-87
Lactobacillus reuteri 1E1
Lactobacillus paracasei Lpc-37
Lactobacillus brevis Lbr-35
Streptococcus thermophilus St-21

8.4x10%41.89

6x107+2.52

5x1010+2.22
3.9x10942.11

4.5%x10911.68

4.45x108+2.18

1.8x10°2.33

3.5 x10911.51

2.73x10°£2.09

1,2x107+1.99

3.25x10%+2.52

2.9x108+1.02

ND

4x107£1.16

ND
1.85x10841.96

ND: Not Determined; NS Not Stated.
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Table 2. Comparison of label claims with identification of probiotic microorganisms isolated from probiotic dietary supplements by

sequence analysis of the 16S rRNA gene.
Isolate codes

Species identification based on sequence of 16S rRNA gene

Claimed probiotic culture on the label

A1Lb Lacticaseibacillus paracasei subsp. tolerans
A1 Bf Bifidobacterium bifidum

B2 Lb Lactobacillus acidophilus

B2 Bf Bifidobacterium longum
C3Lb Lactiplantibacillus plantarum
C4Lb Lactiplantibacillus plantarum
D5 Lb Lacticaseibacillus rhamnosus
D5 Bf Bifidobacterium infantis

E6 Lb Lactiplantibacillus plantarum
E6 Bf Bifidobacterium breve

E8 Lb Lacticaseibacillus rhamnosus
G10Lb Lactiplantibacillus plantarum

G10 Bf Bifidobacterium lactis

Lactobacillus acidophilus
Lactobacillus rhamnasus
Lactobacillus casei

Bifidobacterium bifidum

Lactobacillus acidophilus
Lactobacillus helveticus
Lactobacillus bulgaricus

Bifidobacterium bifidum
Bifidobacterium infantis
Bifidobacterium longum

Lactobacillus plantarum 299v

Lactobacillus plantarum HEAL9
Lactobacillus paracasei 8700:2

Lactobacillus acidophilus L1
Lactobacillus rhamnasus liobif

Bifidobacterium longum LBL-01
Lactobacillus plantarum

Bifidobacterium longum
Bifidobacterium breve

Lactobacillus acidophilus
Lactobacillus rhamnasus

Lactobacillus acidophilus La-14
Lactobacillus helveticus
Lactobacillus rhamnasus Lr-32
Lactobacillus plantarum Lp-115
Lactobacillus bulgaricus Lb-87
Lactobacillus reuteri 1E1
Lactobacillus paracasei Lpc-37
Lactobacillus brevis Lbr-35

Bifidobacterium longum BI-05
Bifidobacterium infantis Bi-26
Bifidobacterium lactis Bl-04
Bifidobacterium bifidum Bb-06

gentamicin, penicillin G, rifampin, streptomycin, and tet-
racycline. L. paracasei subsp. tolerans strain was found
to be resistant to cefoxitin, methicillin, and vancomycin,
while being susceptible to ampicillin, cefazolin, chlor-
amphenicol, ciprofloxacin, clindamycin, enrofloxacin,
erythromycin, gentamicin, penicillin G, streptomycin,
rifampin, tetracycline, and trimethoprim. L. acidophilus
strain was resistant to cefoxitin, methicillin, trimetho-
prim, and vancomycin, while susceptible to ampicillin,
cefazolin, chloramphenicol, ciprofloxacin, clindamycin,
erythromycin, gentamicin, penicillin G, rifampin, strep-
tomycin, and tetracycline. All L. plantarum strains were
resistant to vancomycin, methicillin, cefoxitin, cipro-
floxacin, and norfloxacin. Furthermore, the resistance to
cefazolin (50%), enrofloxacin (50%), kanamycin (50%),
and trimethoprim (25%) were also observed. However,
none of the strains were found to be resistant to ampi-
cillin, chloramphenicol, clindamycin, erythromycin,
gentamicin, rifampin, penicillin G, tetracycline, and

streptomycin. All L. rhamnosus strains were resistant to
vancomycin, methicillin, and cefoxitin. In addition, the
resistance to cefazolin (50%), kanamycin (50%), and tri-
methoprim (50%) were detected. Contrarily, none of the
strains was found to be resistant to ampicillin, chloram-
phenicol, ciprofloxacin, clindamycin, enrofloxacin, eryth-
romycin, gentamicin, norfloxacin, rifampin, penicillin G,
tetracycline, and streptomycin.

All Bifidobacterium strains were resistant to methicillin
and vancomycin. Frequent resistance was seen against
cefazolin (80%), cefoxitin (80%), kanamycin (60%), and
norfloxacin (60%). Furthermore, resistance to ampicillin
(40%), clindamycin (20%), enrofloxacin (40%), trimetho-
prim (20%), and ciprofloxacin (20%) was also observed.
None of the Bifidobacterium strains were found to be
resistant against chloramphenicol, erythromycin, gen-
tamicin, penicillin G, rifampin, streptomycin, and
tetracycline.
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B. bifidum strain was resistant to ampicillin, cefazolin,
cefoxitin, clindamycin enrofloxacin, methicillin, norflox-
acin, and vancomycin. B. longum strain was resistant to
cefazolin, cefoxitin, kanamycin, methicillin, trimetho-
prim, and vancomycin. B. infantis strain was resistant to
ampicillin, cefazolin, cefoxitin, kanamycin, methicillin,
and vancomycin. B. breve strain was resistant to cefazolin,
cefoxitin, ciprofloxacin, enrofloxacin, kanamycin, meth-
icillin, norfloxacin, and vancomycin. B. lactis was resis-
tant to methicillin, norfloxacin, and vancomycin.

The MDR defined as the resistance to three or more
antimicrobial agents was found in all Lactobacillus and
Bifdobacterium strains. L. paracasei subsp. tolerans strain
was resistant to three antibiotics, one L. acidophilus and
one L. rhamnosus strains were resistant to four anti-
biotics, one L. rhamnosus strain was resistant to five
antibiotics, one L. plantarum strain was resistant to six
antibiotics, and three L. plantarum strains were resistant
to seven antibiotics. When the antibiotic resistance levels
of the lactobacilli species were compared, L. plantarum
strains showed a more resistant phenotype than other
lactobacilli strains. Moreover, B.lactis strain was resistant
to three antibiotics, B. infantis and B. longum strains were
resistant to six antibiotics, and B. breve and B. bifidum
strains were resistant to eight antibiotics. The majority
of bifidobacteria isolates were resistant to six antibiotics
and eight antimicrobials. In this study, MDR rates were
found to be 100% in Bifidobacterium spp. and 100% in
Lactobacillus spp. (Table 5). The data of the resistance
in Bifidobacterium spp. and Lactobacillus spp. strains
against antibiotics were statistically significant (p<0.001).
The MAR index of the present study was notably unique
for each isolate (Table 5). While 11 strains tested in the
present study showed a MAR index of higher than 0.2,
indicating a high-risk source of contamination, 2 strains
showed a MAR index of lower than 0.2.

Discussion

Given the global surge in probiotic consumption, it is
imperative to ensure that probiotic products are accu-
rately labelled and contain well-documented strains,
considering both safety and efficacy. The efficacy of pro-
biotics often depends on strain-specific characteristics
and the viability of the microorganisms upon reaching
the gut (Korona-Glowniak et al, 2019; Temmerman
et al., 2003). Manufacturers should adhere to rigorous
labelling standards, identifying the genus, species, and
strain of microorganisms in commercial probiotic for-
mulations. Moreover, the labelled quantity of viable
microorganisms should be guaranteed throughout the
product’s shelf life under the specified storage conditions
(FAO/WHO, 2002; Council for Responsible Nutrition
and International Probiotics Association, 2017).

A significant discrepancy was observed between the
labelled content and the actual microbial composition
of five out of the ten probiotic products examined in this
study. Our results corroborate previous studies by Aureli
et al. (2010), Lugli et al. (2019), Kesavelu et al. (2020),
and Syromyatnikov et al. (2022), which have reported
inconsistencies between the labeled claims and the
actual microbial content of probiotic products, includ-
ing variations in the number, purity, type, and viability of
microorganisms.

Our study’s findings align with those of cross-national
investigations, which, as summarized below, have
demonstrated discrepancies between the declared and
actual microbial composition of commercial probiotic
dietary supplements from various geographical regions.
The study conducted by Temmerman et al. (2003) on 55
European probiotic products revealed that food supple-
ments generally exhibited lower viable bacterial counts
compared to dairy-based products. While a study by
Drago et al. (2010) found that four out of thirteen pro-
biotic supplements in the United States met their label
claims, a subsequent study by Morovic et al. (2016)
revealed that 33% of samples contained fewer viable
bacteria than labelled or were mislabelled. A survey of
probiotic dietary supplements in the United Kingdom
conducted by Fredua-Agyeman et al. (2016) revealed
that only three out of seven (43%) products contained the
claimed concentration of probiotic bacteria. In addition,
none of the multispecies products contained all of the
labelled probiotic strains. Studies conducted in Bulgaria
and China have demonstrated significant discrepancies
between probiotic dietary supplements’ labels and actual
microbial content. Respectively, Marinova et al. (2019)
found that only 10 out of a certain number of products
contained the claimed 10° to 10" CFU/g of probiotic
bacteria, and none of the commercial products contained
all labelled LAB species. In addition, some products
were found to contain unacceptable microorganisms.
Similarly, Ullah et al. (2019) reported that 29.41% of the
capsule and sachet-based probiotic products in their
study contained inaccurate or lower CFU counts, while
23.52% did not comply with the labelled microbial com-
position. Recent research by Anisimova et al. (2022)
revealed inconsistencies between certain labelled pro-
biotic products and the actual microbial composition.
Some samples were labelled as multispecies formula-
tions but were found to contain only a single species of
lactobacilli. In addition, other samples contained species
that differed from those claimed by the manufacturers.
Similarly, a study conducted by Gundogdu et al. (2023)
on probiotic products in Tiirkiye found discrepancies
between the label and actual content in 17 examined
products. These findings align with our results, highlight-
ing the prevalence of mislabelling and misidentification
of probiotic strains in the market.
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Our findings align with previous studies by Chen et al.
(2014) and Lewis et al. (2016), which demonstrated that
Bifidobacterium species were either absent or present in
low numbers in products labeled as containing these bac-
teria. Similarly, Aureli et al. (2010) reported the frequent
mislabeling of probiotic products, with B. bifidum often
claimed but rarely detected, and when detected, found to
be nonviable.

Suboptimal processing techniques can compromise the
viability of microorganisms, while inadequate packaging,
storage, and transportation conditions can further reduce
bacterial survival. Consequently, careful consideration
must be given to selecting strains that are robust to man-
ufacturing processes or optimize manufacturing pro-
cesses to accommodate sensitive strains. Bifidobacterial
species, in particular, are more susceptible to adverse
manufacturing and storage conditions than other bac-
terial strains (Drago et al., 2010; Fredua-Agyeman et al.,
2016).

Probiotic bacteria can exhibit either resistance or sen-
sitivity to antibiotics, depending on the presence or
absence of resistance genes in their genome, plasmid-
based antibiotic resistance genes, or intrinsic resistance
mechanisms. The transfer of antibiotic resistance deter-
minants from probiotic bacteria to the intestinal micro-
biota and potential opportunistic pathogens poses a
significant health concern. Consequently, the long-term
consumption of probiotic dietary supplements and foods
warrants careful consideration because of the potential
risk of disseminating antibiotic resistance (Jose et al,
2015; Shahali et al., 2023).

In the present study, the antibiotic resistance profiles
of eight Lactobacillus strains and five Bifidobacterium
strains isolated from probiotic food dietary supplements
were evaluated. Notably, all tested strains demonstrated
resistance to multiple antibiotics (three or more), reveal-
ing a pattern of MDR. These findings are consistent with
previous research by Anisimova et al. (2022) and Sharma
et al. (2016), which also reported widespread antibiotic
resistance among probiotic lactobacilli strains.

All Lactobacillus strains in our study exhibited resis-
tance to vancomycin, consistent with the findings of
Wong et al. (2015), Wang et al. (2022b), and Zavisi¢ et al.
(2023). However, in contrast to our results, lower levels of
resistance to vancomycin were reported by Sharma et al.
(2016) and Anisimova et al. (2022), who observed resis-
tance rates of 76% and 79%, respectively. In alignment
with our findings, Han et al. (2015) determined that all L.
plantarum and L. rhamnosus strains exhibited resistance
to vancomycin. Similarly, Hammad and Shimamoto
(2010) reported high levels of vancomycin resistance
in L. plantarum strains. The resistance of lactobacilli

Identification and antibiotic resistance of probiotic dietary supplements

to vancomycin is widely regarded as intrinsic, chromo-
somally encoded, and nontransferable (Anisimova and
Yarullina, 2019). Zavisi'c et al. (2023) reported that all
Lactobacillus isolates were resistant to cefoxitin, con-
sistent with the findings of our study. However, in con-
trast to our results, Sharma et al. (2016) observed lower
levels of resistance to methicillin. Contrary to the find-
ings of Zavisi'c et al. (2023), none of the Lactobacillus
strains isolated in our study exhibited resistance to pen-
icillin. Similarly, Sharma et al. (2016) reported that most
Lactobacillus strains displayed low levels of resistance
to penicillin. In agreement with our results, Guo et al.
(2017) found that all Lactobacillus strains were suscepti-
ble to gentamicin, whereas Turhan and Enginkaya (2016)
reported that 20% of Lactobacillus spp. isolates were
resistant to this antibiotic. Furthermore, the susceptibility
of Lactobacillus strains to erythromycin and clindamycin
observed in our study aligns with the findings of Sharma
et al. (2016) and Guo et al. (2017). Turhan and Enginkaya
(2016) also found that all Lactobacillus isolates were
susceptible to chloramphenicol and erythromycin, con-
sistent with our results. However, they reported higher
resistance rates to tetracycline (20%), ampicillin (20%),
gentamicin (20%), and ciprofloxacin (80%) compared to
our findings. The resistance of Lactobacillus isolates to
cefazolin in our study was 37.5%, closely aligning with
the 32% reported by Anisimova et al. (2022). In contrast,
Han et al. (2015) reported higher incidences of resistance
to penicillin G (37.9%), ampicillin (34.5%), streptomycin
(93.1%), kanamycin (100%), tetracycline (10.3%), chlor-
amphenicol (10.3%), gentamicin (86.2%), and rifampin
(34.5%). In our study, L. acidophilus strains were sus-
ceptible to ampicillin, chloramphenicol, erythromycin,
rifampin, and tetracycline, consistent with the findings
of Zhou et al. (2005) and Turhan and Enginkaya (2016).
Similarly, Zhou et al. (2005) and Temmerman et al.
(2003) observed that L. acidophilus strains were suscep-
tible to penicillin, aligning with our findings. However,
Zhou et al. (2005) reported resistance to kanamycin and
streptomycin in L. acidophilus strains, which contradicts
our results. Conversely, Selvin et al. (2020) found L. aci-
dophilus to be resistant to ampicillin and L. rhamnosus
resistant to erythromycin, contrasting with our study.
Similarly, Kim et al. (2020) observed resistance in L.
rhamnosus MG316 to kanamycin and chloramphenicol,
while in our study, all L. rhamnosus strains were sensitive
to chloramphenicol, and only one of two strains exhib-
ited resistance to kanamycin. Anisimova and Yarullina
(2019) reported that none of the L. plantarum strains
were resistant to ampicillin, erythromycin, chloramphen-
icol, or tetracycline and that all strains exhibited resis-
tance to ciprofloxacin and norfloxacin, consistent with
our results. In addition, 10 of 11 strains were resistant
to vancomycin, aligning with our findings. Gupta and
Tiwari (2014) observed that the L. plantarum LD1 strain
was resistant to kanamycin but sensitive to tetracycline,
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erythromycin, chloramphenicol, and gentamicin, which
aligns with our findings that all L. plantarum strains were
sensitive to erythromycin, chloramphenicol, and genta-
micin. However, in our study, two of four L. plantarum
strains exhibited resistance to kanamycin.

All Bifidobacterium strains in this study exhibited resis-
tance to vancomycin, consistent with the findings of Zuo
et al. (2016). However, this contrasts with the results of
Kim et al. (2018), who reported that all Bifidobacterium
spp. strains were susceptible to vancomycin. D’Aimmo
et al. (2007) observed high resistance levels to kanamy-
cin in bifidobacteria, aligning with our finding that 60%
of the tested Bifidobacterium strains were resistant to
kanamycin. In our study, all Bifidobacterium strains were
susceptible to chloramphenicol, erythromycin, genta-
micin, rifampin, and tetracycline. This contrasts with
the results of Xu et al. (2018), who reported resistance
rates of 8.7% to chloramphenicol, 4.35% to erythromycin,
13.04% to gentamicin, 10.87% to rifampin, and 43.48%
to tetracycline among Bifidobacterium strains. In agree-
ment with our findings, Kim et al. (2018) reported that
all Bifidobacterium strains were susceptible to chloram-
phenicol, rifampin, and erythromycin, while exhibiting
general resistance to kanamycin. Conversely, Yasmin
et al. (2020) found that all Bifidobacterium strains were
resistant to gentamicin, kanamycin, and most were
resistant to streptomycin and rifampin, though all were
susceptible to tetracycline, consistent with our results.
Similarly, Moubareck et al. (2005) demonstrated that
none of the tested Bifidobacterium strains, regardless of
species, exhibited resistance to penicillin G, in alignment
with our findings. Zuo et al. (2016) reported universal
susceptibility of isolated bifidobacteria to ampicillin,
while our study found that 40% of Bifidobacterium strains
were resistant to ampicillin. Turhan and Enginkaya
(2016) observed that Bifidobacterium strains were resis-
tant to vancomycin, tetracycline, ampicillin, and cipro-
floxacin but sensitive to chloramphenicol, erythromycin,
and gentamicin. In contrast, none of the Bifidobacterium
strains in our study exhibited resistance to tetracycline.
Moubareck et al. (2005) found that one of fourteen B.
longum strains and one of six B. breve strains were resis-
tant to cefoxitin, while in our study, all Bifidobacterium
species except B. lactis exhibited resistance to cefoxitin.
Dioso et al. (2020) reported resistance to erythromycin,
kanamycin, and vancomycin in B. breve strains, findings
consistent with ours except for erythromycin. Similarly,
B. breve strains were resistant to ciprofloxacin in our
study, aligning with the observations of Awasti et al.
(2016). Kim et al. (2020) found that B. breve MG729
exhibited resistance to tetracycline, whereas Kim et al.
(2018) observed high antibiotic resistance to gentami-
cin and tetracycline in B. bifidum BGN4 and B. longum
BORI. However, in our study, none of the Bifidobacterium
strains exhibited resistance to tetracycline or gentamicin.

The susceptibility of B. bifidum strains to erythromycin,
tetracycline, gentamicin, and penicillin G in our study
aligns with the findings of Drago et al. (2013). In contrast,
Wei et al. (2012) reported that B. longum JDM301 was
intrinsically resistant to ciprofloxacin, gentamicin, and
streptomycin while being susceptible to vancomycin and
trimethoprim. In addition, Wei et al. (2012) observed
susceptibility to chloramphenicol, erythromycin, ampi-
cillin, and rifampin, consistent with our findings. All B.
lactis strains were reported to be resistant to kanamycin,
gentamicin, and streptomycin and susceptible to ampicil-
lin and rifampin by Zhou et al. (2005), findings consistent
with ours. Similarly, Temmerman et al. (2003) found that
B. lactis strains were susceptible to tetracycline, chloram-
phenicol, erythromycin, and penicillin G, in agreement
with our study. However, in our study, B. lactis strains
exhibited resistance to vancomycin, with levels of resis-
tance comparable to those reported by Temmerman et al.
(2003) (50%) and Zhou et al. (2005) (33%).

In this study, MDR rates were found to be significantly
high among the probiotic strains tested. To the best of
our knowledge, this is the first study to report MDR rates
in probiotic cultures isolated from commercial probiotic
dietary supplements (Table 5). A key novelty of the pres-
ent research lies in the calculation and reporting of the
multiple antibiotic resistance (MAR) index for probiotic
strains isolated from probiotic dietary supplements in
Tiirkiye for the first time. The MAR index values in this
study were distinctly unique for each isolate (Table 5).
The MAR index is a crucial metric used to assess the
level of antibiotic resistance in microorganisms, partic-
ularly in probiotic strains, which are commonly used in
dietary supplements. This index provides an effective
way to evaluate the extent of resistance, which can be a
critical factor when selecting probiotics for use in com-
mercial applications (Duche et al., 2023). Several studies
have reported that MAR index greater than 0.2 indicates
a high-risk antibiotic-exposed source (Ayandele et al.,
2020; Korzeniewskan et al., 2013; Okeke et al., 2005). A
study by Duche et al. (2023) showed that while probiotic
strains exhibited some degree of resistance to antibiotics,
their MAR index remained relatively low, suggesting a
limited risk of contributing to overall antimicrobial resis-
tance. However, a higher MAR index in probiotic strains
may raise concerns about their safety and long-term use,
especially when taken alongside antibiotics (Haryani
et al., 2023). Notably, 11 of the tested strains exhibited a
MAR index greater than 0.2, indicating a high-risk source
of contamination, whereas 2 strains showed a MAR index
lower than 0.2. The high MAR index that was reported
in the present work thus indicated a high-risk poten-
tial associated with fermented food products that could
threaten human health. These findings underscore the
critical importance of routine and continuous monitor-
ing of antibiotic resistance patterns in probiotic strains
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used in probiotic dietary supplements. Such measures
are essential to ensure the safety and efficacy of probi-
otic formulations. Further research is warranted to thor-
oughly investigate the antibiotic resistance determinants
and mechanisms in these isolates to confirm the safety of
dairy-based probiotic formulations.

Conclusions

Results from this study, aimed at evaluating the compo-
sitional quality and antibiotic resistance profiles of com-
mercial probiotic food supplements in Tiirkiye, revealed,
through both conventional culture-based and molecular
methods, that some products did not meet the label claims
regarding the quantity and variety of viable microorganisms.
Results from the second part of the study, which investigated
the phenotypic antibiotic resistance profiles of Lactobacillus
spp. and Bifidobacterium spp. strains isolated from probiotic
supplements, demonstrated a high prevalence of antibiotic
resistance. Despite rigorous selection criteria for candidate
microorganisms based on their safety, and technological
suitability, the findings indicate significant concerns in prod-
ucts reaching consumers. In light of the growing popular-
ity of probiotic dietary supplements, particularly during the
COVID-19 pandemic, there is an urgent need to re-evaluate
the regulations governing these products to ensure the
safety and efficacy of the probiotic microorganisms they
contain. The findings of this study underscore the critical
need for enhanced quality control measures within the pro-
biotic industry. To address the identified shortcomings and
ensure the safety and efficacy of probiotic products, the fol-
lowing recommendations are proposed:

(i) A comprehensive review of manufacturing pro-
cesses is necessary to identify and implement strate-
gies that minimize microbial losses, particularly for
sensitive strains such as bifidobacterium, through-
out the product shelf life.

(i) Robust regulatory frameworks should be estab-
lished to mandate the monitoring of the quantity
and diversity of probiotic microorganisms in sup-
plement formulations and the antibiotic resistance
profiles of the included species.

(iii) Product labels for probiotic dietary supplements
should clearly communicate the potential health
benefits associated with the included microbial
strains, emphasizing strain-specific effects sup-
ported by scientific evidence.

Ethics Approval and Consent to Participate

Not applicable.

Identification and antibiotic resistance of probiotic dietary supplements

Consent for Publication

Not applicable.

Availability of Data and Materials

All data were included in the manuscript.

Authors Contributions

Seda SEYIRT was responsible for methodology, writing
of the original draft. Pinar SANLIBABA was concerned
with conceptualization, methodology, data curation,
software, writing of the original draft, and review and
editing. Basar UYMAZ TEZEL was involved in concep-
tualization, methodology, writing of the original draft,
review and editing, supervision, and funding acquisition.

Competing Interests

The authors declare that they have no competing
interests.

Funding

This work was supported by the Canakkale Onsekiz Mart
University Scientific Research Projects Coordination
Unit (Project number FBA-2021-3629).

References

Anisimova E., Gorokhova 1., Karimullina G., Yarullina D. 2022.
Alarming antibiotic resistance of lactobacilli isolated from pro-
biotic preparations and dietary supplements. Antibiotics. 11:
1557. https://doi.org/10.3390/antibiotics11111557

Anisimova E.A. and Yarullina D.R. 2019. Antibiotic resistance of
LACTOBACILLUS strains. Curr. Microbiol. 76(12):1407—-1416.
https://doi.org/10.1007/s00284-019-01769-7

Argyri A.A., Zoumpopoulou G., Karatzas K.A.G., Tsakalidou E.,
Nychas G.J.E., Panagou E.Z., et al. 2013. Selection of potential
probiotic lactic acid bacteria from fermented olives by in vitro
tests. Food Microbiol. 33(2):282—291. https://doi.org/10.1016/).
fm.2012.10.005

Aureli P, Fiore A., Scalfaro C., Casale M., Franciosa G. 2010.
National survey outcomes on commercial probiotic food sup-
plements in Italy. Int. J. Food Microbiol. 137(2-3):265-273.
https://doi.org/10.1016/j.ijfoodmicro.2009.12.016

Awasti N., Tomar S.K., Pophaly S.D., Lule V.K., Singh T.P., Anand S.
2016. Probiotic and functional characterisation of bifidobacteria
of Indian human origin. J. Appl. Microbiol. 120(4):1021-1032.
https://doi.org/10.1111/jam.13086

Italian Journal of Food Science, 2025; 37 (2)

201


https://doi.org/10.3390/antibiotics11111557�
https://doi.org/10.1007/s00284-019-01769-7�
https://doi.org/10.1016/j.fm.2012.10.005�
https://doi.org/10.1016/j.fm.2012.10.005�
https://doi.org/10.1016/j.ijfoodmicro.2009.12.016�
https://doi.org/10.1111/jam.13086�

Seyirt S. et al.

Ayandele A.A., Oladipo EK., Oyebisi O., Kaka M.O. 2020.
Prevalence of multi-antibiotic resistant Escherichia coli and
Klebsiella species obtained from a tertiary medical institution in
Oyo State, Nigeria. Qatar Med. J. 2020:9. http://doi.org/10.5339/
qmj.2020.9

Aziz G., Zaidi A., Tariqg M. 2022. Compositional quality and possi-
ble gastrointestinal performance of marketed probiotic supple-
ments. Probiotics Antimicrob. Proteins. 14(2): 288-312. https://
doi.org/10.1007/s12602-022-09931-7

Baral K.C., Bajracharya R., Lee S.H., Han H.K. 2021. Advancements
in the pharmaceutical applications of probiotics: Dosage forms
and formulation technology. Int. J. Nanomedicine. 16:7535—
7556. https://doi.org/10.2147/1JN.S337427

Bauer A.W., Kirby W.M., Sherris J.C., Turck M. 1966. Antibiotic
susceptibility testing by a standardized single disk method. Am.
J. Clin. Pathol. 45(4):493-496.

Bottari B., Castellone V., Neviani E. 2021. Probiotics and Covid-19.
Int. J. Food Sci. Nutr. 72(3):293-299. https://doi.org/10.1080/09
637486.2020.1807475

Brunser O. and Gotteland M. 2010. Probiotics and prebiotics in
human health: An overview. In: Bioactive Foods in Promoting
Health: Probiotics and Prebiotics, Ed: Watson R., Preedy V.,
Elsevier Press, pp:73-93.

Champagne C.P., Ross R.P, Saarela M. Hansen KF,
Charalampopoulos D. 2011. Recommendations for the viabil-
ity assessment of probiotics as concentrated cultures and in
food matrices. Int. J. Food Microbiol. 149:185-193. https://doi.
org/10.1016/j.ijfoodmicro.2011.07.005

Charteris W.P, Kelly PM., Morelli L. Collins J.K. 1998.
Antibiotic susceptibility of potentially probiotic Lactobacillus
species. J. Food Prot. 61(12):1636-1643. https://doi.
org/10.4315/0362-028x-61.12.1636

Chen T.,, Wu Q, Li S.,, Xiong S., Jiang S., Tan Q. et al. 2014.
Microbiological quality and characteristics of probiotic prod-
ucts in China. J. Sci. Food Agric. 94(1):131-138. https://doi.
org/10.1002/jsfa.6221

CLSI. 2016. Performance standards for antimicrobial susceptibility
testing; 26th Informational Supplement M100-S-26 NCCLS.
Pennsylvania: Wayne, United States of America.

Council for Responsible Nutrition and International Probiotics
Association.2017. Best Practices Guidelines for Probiotics.
Available online at: https://www.crnusa.org/sites/default/files/
pdfs/CRN-IPA-Best-Practices-Guidelines-for-Probiotics.pdf

Cutting S.M. 2011. Bacillus probiotics. Food Microbiol. 28:214—220.
https://doi.org/10.1016/j.fm.2010.03.007

D’Aimmo M.R., Modesto M., Biavati B. 2007. Antibiotic resistance
of lactic acid bacteria and Bifidobacterium spp. isolated from
dairy and pharmaceutical products. Int. ]J. Food Microbiol.
115(1):35—42. https:/doi.org/10.1016/j.ijfoodmicro.2006.10.003

Dioso C.M,, Vital P, Arellano K., Park H., Todorov S.D., Ji Y., et al.
2020. Do your kids get what you paid for? Evaluation of com-
mercially available probiotic products intended for children
in the Republic of the Philippines and the Republic of Korea.
Foods. 9(9):1229. https://doi.org/10.3390/foods9091229

Drago L., Mattina R., De Vecchi E., Toscano M. 2013. Phenotypic
and genotypic antibiotic resistance in some probiotics proposed

for medical use. Int. J. Antimicrob. Agents. 41(4): 396-397.
https://doi.org/10.1016/j.ijantimicag.2012.11.015

Drago L., Rodighiero V., Celeste T., Rovetto L., De Vecchi, E. 2010.
Microbiological evaluation of commercial probiotic products
available in the USA in 2009. J. Chemother. 22(6):373-377.
https://doi.org/10.1179/joc.2010.22.6.373

Duche R.T, Singh A., Wandhare A.G., Sangwan V., Sihag M.K,,
Nwagu T.N.T,, et al. 2023. Antibiotic resistance in potential pro-
biotic lactic acid bacteria of fermented foods and human origin
from Nigeria. BMC Microbiol. 23:142. https://doi.org/10.1186/
512866-023-02883-0

Echegaray N., Yilmaz B., Sharma H., Kumar M., Pateiro M., Ozogul F,,
et al. 2022. A novel approach to Lactiplantibacillus plantarum:
From probiotic properties to the omics insights. Microbiol. Res.
268:127289. https://doi.org/10.1016/j.micres.2022.127289

FAO/WHO. 2001. Health and nutritional properties of probiotics in
food including powder milk with live lactic acid bacteria, report
of a joint (FAO/WHO) expert consultation on evaluation of
health and nutritional properties of probiotics in food including
powder milk with live lactic acid bacteria. Cordoba, Argentina
http://www.who.int/Foodsafety/plubications/fs_management/
en/probiotics.pdf

FAO/WHO. 2002. Guidelines for the evaluation of probiot-
ics in food, p. 36-48. http://www.who.int/foodsafety/fs
manage-ment/en/probiotic_guidelines.pdf

Fredua-Agyeman M., Parab S., Gaisford S. 2016. Evaluation of com-
mercial probiotic products. Br. J. Pharm. 1(1):84—89. https://doi.
org/10.5920/bjpharm.2016.11

Gundogdu A., Nalbantoglu O.U,, Sarikaya I, Karis G., Erdogan M.N,,
Hora M., et al. 2023. Culture-independent assessment of probi-
otic supplement consistency in commercially available probiotic
supplements. Food Biosci. 53:102709. https://doi.org/10.1016/j.
bi0.2023.102709

Guo H., Pan L., Li L, Lu J.,, Kwok L., Menghe B., et al. 2017.
Characterization of antibiotic resistance genes from
Lactobacillus isolated from traditional dairy products. J. Food
Sci. 82(3):724-730. https://doi.org/10.1111/1750-3841.13645

Gupta A. and Tiwari S.K. 2014. Probiotic potential of Lactobacillus
plantarum LD1 isolated from batter of dosa, a South Indian fer-
mented food. Probiotics Antimicrob. Proteins. 6:73—81. https://
doi.org/10.1007/s12602-014-9158-2

Hammad A.M. and Shimamoto T.2010. Towards a compatible probiotic-
antibiotic combination therapy: Assessment of antimicrobial
resistance in the Japanese probiotics. J. Appl. Microbiol. 109(4):1349—
1360. https://doi.org/10.1111/j.1365-2672.2010.04762.x

Han J., Chen D, Li S., Li X,, Zhou W.W., Zhang B, et al. 2015.
Antibiotic susceptibility of potentially probiotic Lactobacillus
strains. Ital. J. Food Sci. 27(3):282-289. https://doi.
org/10.14674/1120-1770/ijfs.v270

Haryani Y., Halid N.A., Guat G.S., Nor-Khaizura M.A.R., Md
Hatta M.A., et al. 2023. High prevalence of multiple antibiotic
resistance in fermented food-associated lactic acid bacteria in
Malaysia. Food Control. 147:109558. https://doi.org/10.1016/j.
foodcont.2022.109558

Hung YP, Lee C.C., Lee J.C., Tsai PJ., Hsueh P.R., Ko W.C. 2021. The
potential of probiotics to eradicate gut carriage of pathogenic

202

ltalian Journal of Food Science, 2025, 37 (2)


https://doi.org/10.1016/j.ijantimicag.2012.11.015�
https://doi.org/10.1179/joc.2010.22.6.373�
https://doi.org/10.1186/s12866-023-02883-0�
https://doi.org/10.1186/s12866-023-02883-0�
https://doi.org/10.1016/j.micres.2022.127289�
http://www.who.int/Foodsafety/plubications/fs_management/en/probiotics.pdf�
http://www.who.int/Foodsafety/plubications/fs_management/en/probiotics.pdf�
http://www.who.int/foodsafety/fs_manage-ment/en/probiotic_guidelines.pdf�
http://www.who.int/foodsafety/fs_manage-ment/en/probiotic_guidelines.pdf�
https://doi.org/10.5920/bjpharm.2016.11�
https://doi.org/10.5920/bjpharm.2016.11�
https://doi.org/10.1016/j.fbio.2023.102709�
https://doi.org/10.1016/j.fbio.2023.102709�
https://doi.org/10.1111/1750-3841.13645�
https://doi.org/10.1007/s12602-014-9158-2�
https://doi.org/10.1007/s12602-014-9158-2�
https://doi.org/10.1111/j.1365-2672.2010.04762.x�
https://doi.org/10.14674/1120-1770/ijfs.v270�
https://doi.org/10.14674/1120-1770/ijfs.v270�
https://doi.org/10.1016/j.foodcont.2022.109558�
https://doi.org/10.1016/j.foodcont.2022.109558�
http://doi.org/10.5339/qmj.2020.9�
http://doi.org/10.5339/qmj.2020.9�
https://doi.org/10.1007/s12602-022-09931-7�
https://doi.org/10.1007/s12602-022-09931-7�
https://doi.org/10.2147/IJN.S337427�
https://doi.org/10.1080/09637486.2020.1807475�
https://doi.org/10.1080/09637486.2020.1807475�
https://doi.org/10.1016/j.ijfoodmicro.2011.07.005�
https://doi.org/10.1016/j.ijfoodmicro.2011.07.005�
https://doi.org/10.4315/0362-028x-61.12.1636�
https://doi.org/10.4315/0362-028x-61.12.1636�
https://doi.org/10.1002/jsfa.6221�
https://doi.org/10.1002/jsfa.6221�
https://www.crnusa.org/sites/default/files/pdfs/CRN-IPA-Best-Practices-Guidelines-for-Probiotics.pdf�
https://www.crnusa.org/sites/default/files/pdfs/CRN-IPA-Best-Practices-Guidelines-for-Probiotics.pdf�
https://doi.org/10.1016/j.fm.2010.03.007�
https:/doi.org/10.1016/j.ijfoodmicro.2006.10.003�
https://doi.org/10.3390/foods9091229�

or antimicrobial-resistant  enterobacterales.  Antibiotics.
10(9):1086. https://doi.org/10.3390/antibiotics10091086

Jose N.M., Bunt C.R., Hussain M.A. 2015. Implications of antibiotic
resistance in probiotics. Food Rev. Int. 31(1):52—62. https://doi.
org/10.1080/87559129.2014.961075

Kesavelu D.Sr, Rohit A., Karunasagar I, Karunasagar 1. 2020.
Composition and laboratory correlation of commercial pro-
biotics in India. Cureus. 12:e11334. https://doi.org/10.7759/
cureus.11334

Kim H., Kim J.S.,, Kim Y., Jeong Y., Kim J.E., Paek N.S., et al. 2020.
Antioxidant and probiotic properties of Lactobacilli and
Bifidobacteria of human origins. Biotechnol. Bioproc. E. 25:421—
430. https://doi.org/10.1007/s12257-020-0147-x

Kim M.J.,, Ku S., Kim S.Y,, Lee H.H., Jin H., Kang S., et al. 2018.
Safety evaluations of Bifidobacterium bifidum BGN4 and
Bifidobacterium longum BORI. Int. J. Mol. Sci. 19:1-22. https://
doi.org/10.3390/ijms19051422

Korona-Glowniak I, Siwiec R., Luszczewska-Sierakowska I.,
Maciejewski R., Wrobel R., Malm A. 2019. Microbiological
evaluation of 10 commercial probiotic products available in
Poland. Curr. Issues Pharm. Med. Sci. 32:121-124. https://doi.
org/10.2478/cipms-2019-0022

Korzeniewskan E., Korzeniewska A., Harnisz M. 2013. Antibiotic
resistant Escherichia coli in hospital and municipal sewage and
their emission to the environment. Ecotoxicol. Environ. Saf.
91:96—102 http://doi.org/10.1016/j.ecoenv.2013.01.014

Krumperman P.H. 1983. Multiple antibiotic resistance indexing of
Escherichia coli to identify high-risk sources of fecal contamina-
tion of foods. Appl. Environ. Microbiol. 46(1):165-170. https://
doi.org/10.1128/aem.46.1.165-170.1983

Lewis Z.T., Shani G., Masarweh C.E, Popovic M., Frese S.A.,,
Sela D.A, et al. 2016. Validating bifidobacterial species and sub-
species identity in commercial probiotic products. Pediatr. Res.
79(3):445—-452. https://doi.org/10.1038/pr.2015.244

Lugli G.A., Mangifesta M., Mancabelli L., Milani C., Turroni F,
Viappiani A., et al. 2019. Compositional assessment of bacte-
rial communities in probiotic supplements by means of metag-
enomic techniques. Int ] Food Microbiol. 294:1-9. https://doi.
org/10.1016/j.ijfoodmicro.2019.01.011

Marinova VY., Rasheva LK., Kizheva Y.K., Dermenzhieva Y.D.,
Hristova P.K. 2019. Microbiological quality of probiotic dietary
supplements. Biotechnol. Biotechnol. Equip. 33(1):834—841.
https://doi.org/10.1080/13102818.2019.1621208

Martinez R.C.R., Bedani R., Saad S.M.I. 2015. Scientific evidence
for health effects attributed to the consumption of probiotics
and prebiotics: An update for current perspectives and future
challenges. Br. J. Nutr. 114:1993-2015. https://doi.org/10.1017/
S0007114515003864

Mathipa-Mdakane M.G. and Thantsha M.S. 2022. Lacticaseibacillus
rhamnosus: A suitable candidate for the construction of novel
bioengineered probiotic strains for targeted pathogen control.
Foods:11(6):785. https://doi.org/10.3390/foods11060785

Mazzantini D., Calvigioni M., Celandroni F., Lupetti A., Ghelardi E.
2021. Spotlight on the compositional quality of probiotic for-
mulations marketed worldwide. Front Microbiol. 12:693973.
https://doi.org/10.3389/fmicb.2021.693973

Identification and antibiotic resistance of probiotic dietary supplements

Meybodi M.N., Mortazavian A.M., Sohrabvandi S., da Cruz A.G.
and Mohammadi R. 2017. Probiotic supplements and food prod-
ucts: Comparison for different targets. Appl. Food Biotechnol.
4(3):123-132. https://doi.org/10.22037 /afb.v4i3.16420

Misra S., Pandey P.,, Mishra H.H. 2021. Novel approaches for co-
encapsulation of probiotic bacteria with bioactive compounds,
their health benefits and functional food product development:
A review. Trends Food Sci. Technol. 109:340-351. https://doi.
org/10.1016/j.tifs.2021.01.039

Morovic W., Hibberd A.A., Zabel B., Barrangou R., Stahl B. 2016.
Genotyping by PCR and high-throughput sequencing of com-
mercial probiotic products reveals composition biases. Front
Microbiol. 7:1747. https://doi.org/10.3389/fmicb.2016.01747

Moubareck C., Gavini F,, Vaugien L., Butel M.]., Doucet-Populaire F.
2005. Antimicrobial susceptibility of bifidobacteria. J.
Antimicrob. Chemother. 55:38—44. https://doi.org/10.1093/jac/
dkh495

Nayebi A., Navashenaq J.G., Soleimani D., Nachvak S.M. 2022.
Probiotic supplementation: A prospective approach in the
treatment of COVID-19. Nutrition and Health. 28(2):163-175.
https://doi.org/10.1177/02601060211049631

Okeke LN., Laxminarayan R., Bhutta Z.A., Duse A.G., Jenkins P,
O’Brien T.F, et al. 2005. Antimicrobial resistance in devel-
oping countries. Part I: recent trends and current status.
Lancet Infect. Dis. 5(8):481-493. https://doi.org/10.1016/
$1473-3099(05)70189-4

Patra S., Saxena S., Sahu N., Pradhan B., Roychowdhury A. 2021.
Systematic network and meta-analysis on the antiviral mech-
anisms of probiotics: A preventive and treatment strategy to
mitigate SARS-CoV-2 infection. Probiotics & Antimicro Prot.
13(4):1138-1156. https://doi.org/10.1007/s12602-021-09748-w

Requena T., Martinez-Cuesta M.C., Peldez C. 2018. Diet and micro-
biota linked in health and disease. Food Funct. 9:688-704.
https://doi.org/10.1039/c7f001820g

Russell D.A., Ross R.P, Fitzgerald G.F, Stanton C. 2011. Metabolic
activities and probiotic potential of bifidobacteria. Int. J.
Food Microbiol. 149(1):88-105. https://doi.org/10.1016/j.
ijjffoodmicro.2011.06.003

Selvin J., Maity D., Sajayan A., Kiran G.S. 2020. Revealing antibiotic
resistance in therapeutic and dietary probiotic supplements. J.
Glob. Antimicrob. Resist. 22:202—205. http://doi.org/10.1016/j.
jgar.2020.02.007

Shahali A., Soltani R., Akbari V. 2023. Probiotic Lactobacillus and
the potential risk of spreading antibiotic resistance: A sys-
tematic review. Res. Pharm. Sci. 18(5):468—477. https://doi.
org/10.4103/1735-5362.383703

Sharma P.,, Tomar S.K., Sangwan V., Goswami P.,, Singh R. 2016.
Antibiotic resistance of Lactobacillus sp. isolated from commer-
cial probiotic preparations. J. Food Saf. 36(1):38—51. https://doi.
org/10.1111/jfs.12211

Soccol C., Prado M., Garcia L., Rodrigues C., Medeiros A., Soccol V.
2014. Current developments in probiotics. J. Microb. Biochem.
Technol. 7(1):11-20. https://doi.org/10.4172/1948-5948.1000175

Stavropoulou E. and Bezirtzoglou E. 2020. Probiotics in medicine: A
long debate. Front. Immunol. 11:2192. https://doi.org/10.3389/
fimmu.2020.02192

Italian Journal of Food Science, 2025; 37 (2)

203


https://doi.org/10.22037/afb.v4i3.16420�
https://doi.org/10.1016/j.tifs.2021.01.039�
https://doi.org/10.1016/j.tifs.2021.01.039�
https://doi.org/10.3389/fmicb.2016.01747�
https://doi.org/10.1093/jac/dkh495�
https://doi.org/10.1093/jac/dkh495�
https://doi.org/10.1177/02601060211049631�
https://doi.org/10.1016/S1473-3099(05)70189-4�
https://doi.org/10.1016/S1473-3099(05)70189-4�
https://doi.org/10.1007/s12602-021-09748-w�
https://doi.org/10.1039/c7fo01820g�
https://doi.org/10.1016/j.ijfoodmicro.2011.06.003�
https://doi.org/10.1016/j.ijfoodmicro.2011.06.003�
http://doi.org/10.1016/j.jgar.2020.02.007�
http://doi.org/10.1016/j.jgar.2020.02.007�
https://doi.org/10.4103/1735-5362.383703�
https://doi.org/10.4103/1735-5362.383703�
https://doi.org/10.1111/jfs.12211�
https://doi.org/10.1111/jfs.12211�
https://doi.org/10.4172/1948-5948.1000175�
https://doi.org/10.3389/fimmu.2020.02192�
https://doi.org/10.3389/fimmu.2020.02192�
https://doi.org/10.3390/antibiotics10091086�
https://doi.org/10.1080/87559129.2014.961075�
https://doi.org/10.1080/87559129.2014.961075�
https://doi.org/10.7759/cureus.11334�
https://doi.org/10.7759/cureus.11334�
https://doi.org/10.1007/s12257-020-0147-x�
https://doi.org/10.3390/ijms19051422�
https://doi.org/10.3390/ijms19051422�
https://doi.org/10.2478/cipms-2019-0022�
https://doi.org/10.2478/cipms-2019-0022�
http://doi.org/10.1016/j.ecoenv.2013.01.014�
https://doi.org/10.1128/aem.46.1.165-170.1983�
https://doi.org/10.1128/aem.46.1.165-170.1983�
https://doi.org/10.1038/pr.2015.244�
https://doi.org/10.1016/j.ijfoodmicro.2019.01.011�
https://doi.org/10.1016/j.ijfoodmicro.2019.01.011�
https://doi.org/10.1080/13102818.2019.1621208�
https://doi.org/10.1017/S0007114515003864�
https://doi.org/10.1017/S0007114515003864�
https://doi.org/10.3390/foods11060785�
https://doi.org/10.3389/fmicb.2021.693973�

Seyirt S. et al.

Syromyatnikov M., Nesterova E., Gladkikh M., Popov V. 2022.
Probiotics analysis by high-throughput sequencing revealed
multiple mismatches at bacteria genus level with the declared
and actual composition. LW T-Food Sci. Technol. 156:113055.
https://doi.org/10.1016/j.lwt.2021.113055

Temiz A. 1999. Gidalarda Indikatér Mikroorganizmalar. In: Gida
Mikrobiyolojisi, Ed: A. Unliitiirk ve F. Turantas, Ikinci baski, s:
85-106, Mengi Tan Basimevi, {zmir. ISBN: 9789754833834

Temmerman R., Pot B, Huys G., Swings J. 2003. Identification
and antibiotic susceptibility of bacterial isolates from probi-
otic products. Int. J. Food Microbiol. 81(1):1-10. https://doi.
org/10.1016/s0168-1605(02)00162-9

Todorov S., Onno B., Sorokine O., Chobert J.M., Ivanova I,
Dousset X. 1999. Detection and characterization of a novel anti-
bacterial substance produced by Lactobacillus plantarum ST 31
isolated from sourdough. Int. J. Food Microbiol. 48:167-177.
https://doi.org/10.1016/s0168-1605(99)00048-3

Turhan E.U. and Enginkaya Z. 2016. Probiyotik gidalardan
izole edilen laktik asit bakterilerinin antibiyotik direngli-
liklerinin  belirlenmesi. Pamukkale University Journal of
Engineering Sciences. 22(7):620—627. https://doi.org/10.5505/
Ppajes.2016.87369

Ullah M., Raza A., Ye L., Yu Z. 2019. Viability and composition val-
idation of commercial probiotic products by selective sulturing
sombined with next-generation sequencing. Microorganisms.
7:188. https://doi.org/10.3390/microorganisms7070188

Vinderola G., Jorge Reinheimer J., Salminen S. 2019. The enumer-
ation of probiotic issues: From unavailable standardised cultur
emediato a recommended procedure? Int. Dairy J. 96:58-65.
https://doi.org/10.1016/j.idairyj.2019.04.010

Vohra A., Syal P,, Madan A. 2016. Probiotic yeasts in livestock sector.
Anim. Feed Sci. Technol. 219:31-47. https://doi.org/10.1016/j.
anifeedsci.2016.05.019

Wang G., Chen Y., Xia Y., Song X., Ai L. 2022a. Characteristics of
probiotic preparations and their applications. Foods. 11:2472.
https://doi.org/10.3390/foods11162472

Wang Y., Dong J., Wang J., Chi W., Zhou W., Tian Q,, et al. 2022b.
Assessing the drug resistance profiles of oral probiotic lozenges.
J. Oral Microbiol. 14(1):2019992. https://doi.org/10.1080/20002
297.2021.2019992

Wei Y.X., Zhang, Z.Y., Liu C., Malakar PK., Guo X.K. 2012. Safety
assessment of Bifidobacterium longum JDM301 based on com-
plete genome sequences. World J. Gastroenterol. 18(5):479-488.
https://doi.org/10.3748/wjg.v18.i5.479

Wong A., Ngu D.Y,, Dan L.A., Ooi A,, Lim R.L. 2015. Detection of
antibiotic resistance in probiotics of dietary supplements. Nutr.
J. 14(95):1-6. https://doi.org/10.1186/s12937-015-0084-2

Xavier-Santos D., Padilha M., Fabiano G.A., Vinderola G., Gomes
Cruz A., Sivieri K., et al. 2022. Evidences and perspectives of
the use of probiotics, prebiotics, synbiotics, and postbiotics as
adjuvants for prevention and treatment of COVID-19: A biblio-
metric analysis and systematic review. Trends Food Sci. Technol.
120:174-192. https://doi.org/10.1016/j.tifs.2021.12.033

Xu F, Wang J., Guo Y, Fu P, Zeng H., Li Z., et al. 2018.
Antibiotic resistance, biochemical typing, and PFGE typ-
ing of Bifidobacterium strains commonly used in probiotic
health foods. Food Sci. Biotechnol. 27(2):467-477. https://doi.
org/10.1007/510068-018-0320-6

Yasmin I, Saeed M., Khan W.A., Khaliq A., Chughtai M.E],
Igbal R, et al. 2020. In vitro probiotic potential and safety eval-
uation (hemolytic, cytotoxic activity) of Bifidobacterium strains
isolated from raw camel milk. Microorganisms, 8:354. https://
doi.org/10.3390/microorganisms8030354

Zavisi¢ G., Popovi¢ M., Stojkov S., Medi¢ D., Gusman V., Jovanovi¢
Ljeskovi¢ N., et al. 2023. Antibiotic resistance and probiotics:
Knowledge gaps, market overview and preliminary screen-
ing. Antibiotics (Basel). 12:1281. https://doi.org/10.3390/
antibiotics12081281

Zheng M., Zhang R., Tian X., Zhou X., Pan X., Wong, A 2017.
Assessing the risk of probiotic dietary supplements in the
context of antibiotic resistance. Front. Microbiol. 8(908):1-8.
https://doi.org/10.3389/fmicb.2017.00908

Zheng J., Wittouck S., Salvetti E., Franz C.M.A.P,, Harris H.M.B.,
Mattarelli P, et al. 2020. A taxonomic note on the genus
Lactobacillus: Description of 23 novel genera, emended
description of the genus Lactobacillus beijerinck 1901, and
union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst.
Evol. Microbiol. 70(4):2782-2858. https://doi.org/10.1099/
ijsem.0.004107

Zhou J.S., Pillidge C.J., Gopal PK. Gill H.S. 2005. Antibiotic
susceptibility profiles of new probiotic Lactobacillus and
Bifidobacterium strains. Int. ]. Food Microbiol. 98(2): 211-217.
https://doi.org/10.1016/j.ijfoodmicro.2004.05.011

Zuo E, Yu R, Feng X., Chen L., Zeng Z., Khaskheli G.B., et al. 2016.
Characterisation and in vitro properties of potential probiotic
Bifidobacterium strains isolated from breast-fed infant feces.
Ann. Microbiol. 66(3):1027-1037. https://doi.org/10.1007/
513213-015-1187-x

204

ltalian Journal of Food Science, 2025, 37 (2)


https://doi.org/10.1186/s12937-015-0084-2�
https://doi.org/10.1016/j.tifs.2021.12.033�
https://doi.org/10.1007/s10068-018-0320-6�
https://doi.org/10.1007/s10068-018-0320-6�
https://doi.org/10.3390/microorganisms8030354�
https://doi.org/10.3390/microorganisms8030354�
https://doi.org/10.3390/antibiotics12081281�
https://doi.org/10.3390/antibiotics12081281�
https://doi.org/10.3389/fmicb.2017.00908�
https://doi.org/10.1099/ijsem.0.004107�
https://doi.org/10.1099/ijsem.0.004107�
https://doi.org/10.1016/j.ijfoodmicro.2004.05.011�
https://doi.org/10.1007/s13213-015-1187-x�
https://doi.org/10.1007/s13213-015-1187-x�
https://doi.org/10.1016/j.lwt.2021.113055�
https://doi.org/10.1016/s0168-1605(02)00162-9�
https://doi.org/10.1016/s0168-1605(02)00162-9�
https://doi.org/10.1016/s0168-1605(99)00048-3�
https://doi.org/10.5505/pajes.2016.87369�
https://doi.org/10.5505/pajes.2016.87369�
https://doi.org/10.3390/microorganisms7070188�
https://doi.org/10.1016/j.idairyj.2019.04.010�
https://doi.org/10.1016/j.anifeedsci.2016.05.019�
https://doi.org/10.1016/j.anifeedsci.2016.05.019�
https://doi.org/10.3390/foods11162472�
https://doi.org/10.1080/20002297.2021.2019992�
https://doi.org/10.1080/20002297.2021.2019992�
https://doi.org/10.3748/wjg.v18.i5.479�

	_GoBack
	_Hlk175062714
	_Hlk175581707
	_Hlk174976455
	_Hlk168930284
	_Hlk168931914
	_Hlk168930218
	_Hlk168931079
	_Hlk168931126
	_Hlk174974222
	_Hlk174967772
	_Hlk137317840
	_Hlk175835744



