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Abstract: Lactic acid bacteria (LAB) comprise a group of microorganisms responsible for developing
the sensory and chemical characteristics of several foods and fermented products, particularly cheese.
For this reason, after isolation and identification of LAB, validated protocols and procedures for
their long-term preservation without compromising its integrity and technological properties, as
well as methodologies aiming to assess their viability and integrity are paramount. This study
aimed to isolate and identify autochthonous LAB from artisanal Adobera cheese and determine the
effect of LAB cryopreservation with thioglycolate broth and glycerol on their viability, membrane
integrity, and kinetics. Sixteen LAB were isolated and genetically identified from artisanal cheese
samples; eleven of those strains were selected (genus Lactobacillus, Leuconostoc, Streptococcus, and
Lactococcus) and included in the cryo-preservation assay. The initial average concentration of the
bacterial suspensions was 6.89 log10 CFU mL−1; increasing to 8.9 log10 CFU mL−1 21 days later
and slightly reduced at day 42 post-preservation (losses below one logarithm). About 77% of the
cells maintained their membrane potential 180 days after their preservation and showed normal
Kinetic parameters, maintaining normal adaptation times (Lag phase) and Log phases (9 h average),
before reaching the stationary phase. The proposed protocol constitutes a viable alternative to the
long-term preservation of different LAB genera because it keeps their viability and integrity. Using
flow cytometry allowed the enumeration of viable LAB and provide evidence of the integrity of
their membrane.

Keywords: lactic acid bacteria; cryopreservation; flow cytometry; sodium thioglycolate

1. Introduction

Raw milk cheeses are known for the complex microbial communities involved in
their production. Thus, several studies have been carried out to describe the bacterial
communities of several artisanal cheeses based on high-throughput sequencing-based
technologies, including some genuine Mexican cheeses [1,2]. In particular, the microbiota
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of Adobera cheese from the Los Altos region in México, a raw-milk, fresh, semihard and
unripe cheese [3], is strongly represented by lactic acid bacteria-related genera, including
Streptococcus, Lactococcus, and Lactobacillus [4]. On the other hand, some scientific reports
have been published to identify and characterize some of the microorganisms involved in
producing artisanal cheese from the technological and functional point of view [5–8]. Lactic
acid bacteria (LAB) comprise a group of Gram-positive, non-sporulated, catalase-negative,
cytochromes-free, microaerophilic, acid-tolerant and strictly fermentative microorganisms.
This group is characterized by its production of lactic acid as a by-product during metabolic
activities [9]. Furthermore, LAB are classified by the Food and Drugs Administration
as GRAS (Generally Recognized as Safe) and they play a key role in the production of
fermented foods, beverages, silages, and other fermented products [10–15].

Additionally, LAB could be classified based on their ability to ferment carbohydrates
(homofermentative or heterofermentative), acid production characteristics, and growth
temperatures [9]. The LAB group includes both bacilli (Lactobacillus and Carnobacterium)
and cocci (rest of the LAB genera) [12,16,17]; however, the most important LAB genera are
Carnobacterium, Lactobacillus, Aerococcus, Enterococcus, Lactococcus, Vagococcus, Leuconostoc,
Oenococcus, Pediococcus, Streptococcus, Tetragenococcus, and Weissella [5,10–13,18]. LAB
are closely related to the development of sensorial attributes such as the aroma, flavor,
and texture of cheese and other fermented foods and, in some cases, they protect against
pathogens and confer probiotic properties [19–24].

Research associated with the isolation, characterization, and preservation of LAB is
necessary to take advantage of these microorganisms through their use as starter cultures
in fermentation processes, among other biotechnological developments [25,26]. In this
context, the study of bacteria must begin with their isolation and purification in selective
and differential culture media, then their identification, followed by their selection, based
on the technological, and biochemical features of each strain (acid production, texture
and flavor development, ability to inhibit pathogens, proteolytic and lipolytic activities,
etc.) [27–29].

Identification and characterization can be performed through phenotypic and/or
genotypic procedures; phenotyping comprises classic microbiologic methods based on cell
morphology and metabolism [30,31]; meanwhile, genotyping is based on the analysis of
nucleic acids, mainly DNA [32–34]. Genetic identification is generally supported by the
amplification and sequencing of different molecular markers, allowing a more accurate
differentiation and identification of the strains at different phylogenetic levels, including
species, sub-species, or strains [28,33,35–37]. Once the identification is complete, it is
essential to develop and validate strategies for preserving bacterial strains to establish
viable and available culture collections of these microorganisms for subsequent research or
biotechnological applications [38].

Several protocols for the short- and long-term preservation of microorganisms are
available. Short-term preservation is based on the sub-culture of bacteria in selective media,
while long-term preservation can be achieved via freeze-drying preservation (lyophiliza-
tion) or, more commonly by cryo-freezing, either at −195 ◦C by using liquid nitrogen or
at −70 ◦C by freezing and using cryo-protectors, seeking to guarantee the microorgan-
ism’s integrity and genetic stability and its viability for extended periods of time [39,40].
Nonetheless, freezing represents a stress condition that could affect cell physiology, re-
ducing viability and changing bacteria metabolism and technological properties, even for
LAB [41–43].

There is not solid information about the standard preservation protocol for LAB.
However, most of the studies related to the preservation of this group of microorganisms
are based on the use of bacterial suspensions in Man, Rogosa, and Sharpe (MRS) broth [44]
and glycerol as cryo-protector, at temperatures ranging from−20 ◦C to−80 ◦C [2,45,46]. For
this reason, it is necessary to generate evidence of the long-term viability of cryopreserved
LAB, which guarantees the maintenance of their technological properties [47]. Thus,
supporting strategies based on effective methodologies are important, allowing us to
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generate quick and accurate evidence of LAB’s cell viability, integrity, and technological
competence during preservation. Therefore, this study focused on the isolation and genetic
identification of LAB from artisanal Adobera cheese from Los Altos de Jalisco, México.
It also aimed to propose and validate a freezing-based preservation protocol for those
LAB, based on the assessment of their viability and integrity using culture-dependent and
-independent techniques.

2. Materials and Methods
2.1. Bacterial Strains Isolation and Purification

Two commercial samples of a high-moisture content and acidified artisanal cheese, ob-
tained from two cheese factories located in Los Altos de Jalisco region, were serially diluted
and plated on MRS agar for LAB isolation. Plates were incubated under microaerophilic
conditions for 24 h at 37 ◦C, using the BD BBL™ GasPak™ system (according to the man-
ufacturer’s instructions. Franklin Lakes, NJ, USA), and 16 colonies, compatible with the
typical LAB morphology (round colonies from 1–2 mm of diameter, creamy-to-white color,
entire edges, convex or raised surface and consistency butyric and moist) were isolated
for further identification and characterization [48]. Bacterial isolates were deposited in the
Microbial Collection of the Genetic Resources National Center (CM-CNRG).

2.2. Genetic Identification of Lactic Acid Bacteria

Gram-positive and catalase- and oxidase-negative isolated strains were cross-streaked
on agar MRS and incubated under microaerophilic conditions at 37 ◦C for 24 h. After
the incubation period, three colonies of each strain were suspended in TE-50:20 buffer to
perform genomic DNA extraction. The remaining biomass was reserved for the preserva-
tion procedure. DNA extraction was carried out through the methodology suggested by
Wilson [49]. DNA integrity was confirmed via electrophoresis in agarose gel and stored at
−20 ◦C until its amplification. Genetic identification was performed via PCR-amplification
of the 16S rRNA gene, using the universal primers 27f (5-AGAGTTTGATCCTGGCTCAG-
3′) and 1492r (5′TACGGYTACCTTGTTACGACTT-3′) [50]. PCR products were resolved
by electrophoresis (1.5% of agarose gel in TAE buffer: 2 mol/L of Tris, 1 mol/L of acetic
acid, 0.05 mol/L de EDTA pH 8.0), and visualized through UV-vis. Amplicons were stored
at –20 ◦C, followed by a Sanger-based sequencing performed by Macrogen (Seoul, South
Korea). In silico analysis of the sequences included the edition and generation of consensus
sequences, followed by identity assignation using GenBank and the Ribosomal data project.
The matching criteria for identity assignment was ≥ 98% of similarity at genus level and
≥99% of similarity at species level.

Species-level identification of the Plantarum group members, to differentiate between
Lactiplantibacillus plantarum, Lactobacillus paraplantarum and Lactobacillus pentosus was com-
plemented using the partial amplification of the recA gene, as suggested by [51]. Identities
were confirmed via phylogenetic reconstruction using the Mega software v11 [52] based
on the 16S rDNA sequences of the strains and using homologous sequences using the
Maximum Likelihood evolutionary method and the Jukes–Cantor model [53]; the inferred
tree was generated from a bootstrap consensus of 1000 replicates [54].

2.3. Preservation of Lactic Acid Bacteria and Efficiency Evaluation

Bacterial suspensions were prepared with fresh biomass culture of each strain in sterile
indicator-free thioglycolate broth without dextrose (Difco™, Fisher Sc. Hampton, NH,
USA) until reaching an approximate concentration of 9-log10 CFU mL−1, according to
the McFarland standard. Briefly, a 500 µL aliquot of each cell suspension was deposited
into 2 mL cryo-tubes and mixed with 500 µL of 20% sterile glycerol using a vortex. The
cryo-tubes were stored at −20 ◦C for 2 h and preserved at −80 ◦C until the analysis was
performed. In order to assess the efficacy of the preservation protocol, we proposed a
scheme that allows the evaluation of survival and integrity in both short- and long-term of
LAB during cryopreservation, as follows.
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2.3.1. Evaluation of Viability: Short-Term Survival

Cell viability was estimated through plate count using the drop method suggested by
Miles et al., with some modifications [55,56]. Ten-fold serial dilutions were prepared from
each cryo-preserved bacterial suspension previously thawed at room temperature. Briefly,
10 µL of each dilution was dropped on MRS agar. Plates were incubated in microaerophilic
conditions at 37 ◦C for 24 h for the subsequent count of colonies developed at each drop.
Viability was assessed at days 0, 21 and 42 of preservation and expressed as log CFU mL−1.
The analysis was performed in duplicate.

2.3.2. Flow Cytometry: Long-Term Survival and Integrity

To generate more evidence about the long-term survival and integrity of cryo-preserved
LAB, membrane potential was assessed at the beginning of the assay and 180 days after
preservation using an Attune™ flow cytometer (Applied Biosystems, Waltham, MS, USA)
and the commercial kit BacLight™ B34950 (Molecular Probes®, Invitrogen, Waltham, MA,
USA) according to the manufacturer’s instructions. Each preserved suspension was thawed
at room temperature and 500 µL were transferred to a 1.5 mL sterile tube. Biomass was
harvested via centrifugation (13,000 rpm for 5 min at 25 ◦C) and washed twice with a
PBS buffer (200 mL of 10 mM sodium phosphate, 145 mM sodium chloride, pH 7.4). The
recovered biomass was briefly suspended in PBS buffer until it reached a concentration of
1 × 106 cells mL−1, then 1 mL was transferred to cytometer tubes. Two cell suspensions of
each strain were prepared and stained with 10 µL of DiOC2(3) (3,3′-Diethyloxacarbocyanine
Iodide) and incubated at room temperature for 15 min. Each stain was prepared in du-
plicate. A negative control consisting of an inactive cell suspension depolarized with
10 µL CCCP (3,3′ carbonyl-cyanide-m-chlorophenylhydrazone) was included, as well as a
positive control that comprised a cell suspension without staining or depolarization. Briefly,
each sample was placed on the cytometer, beginning with the positive control to adjust
the detection threshold, followed by the depolarized suspension and the samples. The
analysis was performed by exciting the samples using a 488 nm laser, and fluorescence
emitted in the red and green channels was recorded. From each sample, frontal dispersion,
lateral dispersion, and fluorescence were obtained with amplification of the logarithmic
signal. The magnitude of the membrane potential was assessed based on the red–green
fluorescence ratio using the density plots obtained via flow cytometry. Percentage (%) of
membrane-active cells, was estimated as the red–red+green fluorescence ratio. Each cell
suspension was analyzed in duplicate.

2.3.3. Recovery and Re-Adaptability Abilities in the Long-Term of Cryo-Preserved Lactic
Acid Bacteria

After 240 days of preservation, bacterial suspensions were thawed at room temperature
and used to inoculate culture tubes with MRS broth to an approximate concentration of
1 × 106 CFU mL−1. Inoculated tubes were incubated at 37 ◦C for 24 h under agitation at
100 rpm. Optical density was registered every 60 min by a UV-vis spectrophotometer at
660 nm. Data were plotted against time to determine the kinetic parameters of the bacteria.

2.4. Statistical Analysis

Data obtained from plate count and flow cytometry were analyzed using the SAS™
software v.9.3 (SAS Institute Inc., Cary, NC, USA), through the general linear model (GLM)
procedure, analysis of variance, and means comparison via the Tukey test with a signifi-
cance level of 0.05.

3. Results and Discussions

Microorganisms, including the LAB, are very important to the production of fermented
foods required for animals and humans, and through their ability to regulate several
processes, they maintain the balance in different environments, reduce or degrade polluting
compounds, fix nutrients, limit the survival and proliferation of pathogens and produce
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several important compounds such as vitamins, antibiotics, enzymes, alcohol, organic
acids, among others [5,57–59]. These bacteria require correct ex situ preservation. This
premise has favored the establishment of many culture collections worldwide, at different
scales and for different purposes; however, they all keep the microorganisms viable and
pure, maintaining their metabolic abilities [60].

3.1. Isolation and Identification of Lactic Acid Bacteria

From two samples of high-moisture content and acidified artisanal cheese, 16 colonies
corresponding to Gram-positive bacteria, with negative catalase and oxidase activities,
were isolated and purified. Amplicons of 1500 bp were obtained via PCR-amplification
from the genomic DNA of each isolate. Identities were assigned through Sanger-based
sequencing and bioinformatic analyses, resulting in 56% of the strains being assigned to
the genus Lactobacillus, 25% to Leuconostoc, 12.5% to Lactococcus, and 6.5% to Streptococcus
(Table 1). Taxonomic assignations were corroborated by a phylogenetic reconstruction
(Figure 1).

Table 1. Genetic identification of lactic acid bacteria isolated from artisanal Adobera cheese from Los
Altos de Jalisco.

ID Genetic identification * Strain Designation

1 Lactobacillus curvatus CM-CNRG 122
2 Lactobacillus sp. CM-CNRG 464
3 Streptococcus gallolyticus CM-CNRG 465
4 Leuconostoc mesenteroides CM-CNRG 320
5 Lactococcus lactis CM-CNRG 466
6 Leuconostoc mesenteroides CM-CNRG 286
7 Lactiplantibacillus plantarum CM-CNRG 467
8 Lactiplantibacillus plantarum CM-CNRG 468
9 Lactiplantibacillus plantarum CM-CNRG 469
10 Lactiplantibacillus plantarum CM-CNRG 470
11 Lactococcus lactis CM-CNRG 471
12 Lactiplantibacillus plantarum CM-CNRG 472
13 Leuconostoc mesenteroides CM-CNRG 61
14 Lactiplantibacillus plantarum CM-CNRG 287
15 Lactiplantibacillus plantarum CM-CNRG 11
16 Leuconostoc mesenteroides CM-CNRG 473

* Matching criteria for identity assignment: ≥98% similarity at genus level and ≥99% similarity at species level.
Lactobacillus plantarum identification was complemented by a fragment PCR-amplification of recA gene.

Our results are similar to those of a previous publication that reported the isolation
of these LAB genera from different fresh raw-milk cheeses [7,61]. Specifically, regarding
Mexican artisanal fresh cheeses, it has been reported that predominant LAB genera ob-
tained through culture-dependent isolation are Lactobacillus, Lactococcus, Leuconostoc, and
Enterococcus [2]; moreover, the main genera reported for raw-milk Adobera cheese from the
Los Altos region in México included Streptococcus, Lactococcus, and Lactobacillus [4]. In this
context, several studies have highlighted the probiotic potential of numerous LAB strains,
mainly Lactobacillus strains isolated from artisanal fermented foods, including artisanal
cheeses [5,32]; therefore, it is essential to devise strategies that allow their isolation, study
and use, and their correct conservation to keep them available for use.
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isolated from artisanal Adobera cheese from Los Altos de Jalisco and homologous sequences obtained
from Genebank. The Maximum Likelihood Method and Jukes–Cantor model were used (Bootstrap
consensus from 1000 replicates).

3.2. Preservation and Evaluation of Lactic Acid Bacteria (LAB) Viability

LAB Preservation is usually carried out using bacterial suspensions prepared in
skimmed milk [62,63] or MRS broth [42] and maintained at different temperatures (20,
35, 45 ◦C), defined by the objective of preservation or the available resources. MRS broth
was initially designed as a medium for the selective isolation and growth of different
Lactobacillus in substitution of tomato juice agar; nonetheless, it may be used for the
cultivation of most LAB [64]. Therefore, MRS broth has become the most frequently
used medium for growing this type of LAB, either with or without modifications in its
composition. However, the specific growth conditions required by individual members
of the LAB group represent a challenge to evaluate non-common media for the isolation,
growth, and preservation of this group of microorganisms [65], which also offer easy
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access, storage, preparation, and handling. In this context, thioglycolate broth is a general-
purpose liquid enrichment medium based on the incorporation of sodium thioglycolate
as a reducing agent to remove traces of oxygen in the medium (slightly viscous) to allow
the recovery and growth of several types of microorganisms, including aerobic, facultative
anaerobes, and aerotolerant and microaerophilic bacteria, like LAB [66–68]. Furthermore,
as it is not a selective medium, it is a cheaper alternative that does not require special
storage conditions and its preparation is simple and comparable to that of any other non-
selective culture medium. For these reasons, we proposed a preservation method for LAB
based on the conservation of bacterial suspensions maintained in thioglycolate broth under
cryo-preservation.

From the 16 LAB strains isolated and genetically identified, 11 strains were selected
to be included in the cryo-preservation assay using thioglycolate broth and glycerol 20%,
followed by an effectivity evaluation expressed as viability and cell integrity. Cell viability
of LAB during cryo-preservation, monitored through the plate count, showed that the
initial average concentration was 6.979 ± 0.72 log10 CFU mL−1, which increased at day
21 after preservation (8.936 ± 0.49 log10 CFU mL−1). After 42 days of preservation, cell
density remained close to the initial count (7.899 ± 0.37 log10 CFU mL−1), but 11% lower
than cell viability at day 21; nonetheless, it is important to foreground that the methodology
used allows to estimate the viable count of the bacteria through drop-based inoculation
so, although it has been reported that is a profitable technique [55], there will always be a
certain degree of error associated with the technique. However, the survival rate observed
is within the recovery levels suggested for freeze-based conservation, which should be
between 50 and 75 % of preserved cells when ultra-low temperature preservation methods,
such as cryo-preservation and freeze-drying, are used [69,70]. Soto [71] reported that under
cooling conditions using MRS broth, LAB maintained their viability for 84 days, while
freeze-based preservation using the same MRS broth allowed the recovery of viable cells up
to at least 360 days later; nevertheless, the percentage of viability was affected in the three
strains included in that study (Lactobacillus casei, Lactobacillus salivarius, and Pediococcus
acidilactici) and the major sensibility was exhibited by the Lactobacillus strains that they
included in the study.

Similar results were reported by Zamora [43] in a study aimed to evaluate the effect
of two preservation methods on the strains viability with pathogen-antagonist capacity.
The author reported that using 12 LAB strains suspended in MRS broth and preserved
under freezing conditions at −80 ◦C, strains maintained 90% of their viability (75 to 100%),
a higher value in comparison to the viability obtained through preservation using freeze-
drying, which resulted in a loss of viability of up to 97%. The author pointed out that
the loss of viability using freeze-drying may occur during the first steps of freezing and
dehydration. On the other hand, the loss of viable cells through freezing could be associated
with different stages of the process, including an inadequate cooling rate (related to the
formation of intra- and extracellular ice or gradual increase of solutes in the suspension)
as well as the storage temperature and thawing conditions, but also the nature and the
concentration of the cryoprotective agent [72].

3.3. Effect of Cryo-Preservation on Membrane Potential of Lactic Acid Bacteria

The basic function of bacterial conservation is to maintain the viability, purity, stability,
and characteristics of the original bacteria [40,72]. Nonetheless, due to the scarce available
information related to the effects of conservation methods on the bacteria’s integrity, there
is a paramount need to generate evidence of metabolic cell competence in the long term
during the preservation. Since membrane potential is involved in several processes of
active cells (i.e., autolysis, nutrient transport, and survival under low pH) [73], it could be
considered an indicator of cytoplasmic membrane integrity, and therefore of the metabolic
competence of the bacteria. In this context, the red–green fluorescence ratio of bacteria
stained with diethyloxacarbocyanine (DiOC2(3)), measured through flow cytometry, may
be used as an indicator of the magnitude of the membrane potential (Figure 2) [74].
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In this study, LAB suspensions were stained with DiOC2(3) immediately after bacte-
rial suspensions’ preparation (thioglycolate broth mixed with glycerol as cryoprotectant)
and 180 days after cryo-preservation under −80 ◦C (Figure 3) to assess changes in the
cytoplasmic membrane potential through fluorescence measurement via flow cytome-
try. Reductions in the magnitude of membrane potential of LAB (based on red–green
fluorescence ratio) were observed to be minimal after 180 days under cryo-preservation,
equivalent to a 12% average in comparison with fresh cell suspensions. Data confirmed
that cell suspensions not only remained viable but also preserved their integrity at the
cytoplasmic membrane level. Except for Streptococcus gallolyticus subp. Pasteurianus, all the
strains included in the assay maintained their viability at least six months later, expressed
as a percentage of cells with active cytoplasmic membranes (64 to 94%). Notwithstanding
that not all strains responded in the same way to the same conservation method [42], we
hypothesized that low fluorescence values observed with the Streptococcus strain could
be related to the ability of the cell to allow the entry of dyes, which could interfere in the
evaluation by fluorescence-based techniques, as flow cytometry.
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with non-depolarized cytoplasmic membranes stained with DiOC2(3); (b) cells with cytoplasmic
membrane depolarized with CCCP; (c) unstained cells auto-fluorescence.

However, when the integrity of the cytoplasmic membrane is compromised, devel-
opment is inhibited, even cell death can occur [42]. In that context, some of the assessed
strains exhibited a slight increase in the red–green fluorescence ratio that could be related
to the ability of bacteria to adapt to the conditions under which they were preserved,
and the recovery of possible injured cells induced by sodium thioglycolate as a reducing
agent. Regarding that, oxygen stress could be induced to LAB during the cell’s suspension
preparation. Nonetheless, one of the advantages of reducing agents such as sodium thio-
glycolate is the conferred ability to recover injured cells, like Bifidobacterium strains [75].
Also, sodium thioglycolate allows the growth of anaerobic bacteria, even cultivated under
aerobic conditions, e.g., Clostridium perfringens strains [76].
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3.4. Kinetic Parameters of Lactic Acid Bacteria Recovered from Cryopresevation

Finally, to confirm the metabolic capacity of preserved LAB, the growth curve of each
strain was obtained 240 days after preservation, through their reactivation on MRS agar
and monitoring by UV spectroscopy (Figure 4). The results suggest that the viability and
metabolic capacity of the bacteria were not compromised during conservation. In general
terms, we observed that the adaptation phase (phase delay) occurred in the first 3–4 h
(Figure 4A–F). From there, LAB showed an exponential increase in optical density (expo-
nential phase) that lasted over 9 h, which demonstrates the reactivation and duplication
capacity of the bacteria. Our results are consistent with some previous kinetic parameters
reported by several authors for lactic acid bacteria (Figure 4G) [77]. Specifically, for the
Streptococcus strain, a typical growth curve was observed (Figure 4C), which confirms its
viability and reinforces the hypothesis that the low levels of fluorescence observed by
evaluating the membrane potential may be associated with the permeability of the strain to
the carbocyanine used for flow cytometric evaluation.
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Figure 4. Growth curves of some LAB recovered from cryopreservation in thioglycolate broth and 20%
glycerol at –80 ◦C. (A) LAB 1 (Q2C3-2) Lactobacillus curvatus; (B) LAB 2 (Q2C3-1B) Lactobacillus sp.;
(C) LAB 3 (Q2C8-2) Streptococcus gallolyticus subsp. pasteurianus; (D) LAB 4 (Q2C11) Leuconostoc
mesenteroides (E); LAB 5 (Q2C14-2) Lactococcus lactis; (F) LAB 10 (Q4C11-3) Lactobacillus plantarum subs.
plantarum. (G) Growth curve of LAB recovered from preservation in MRS broth with mineral oil and
reactivated in MRS broth [77].

4. Conclusions

Lactic acid bacteria (LAB) strains from artisanal Adobera cheese from the Los Altos
region in México corresponded to common bacteria genera reported for raw-milk cheeses.
Preservation of LAB using cryo-freezing in thioglycolate broth and glycerol is a viable
alternative to preserve this group of bacteria, guaranteeing the viability and integrity of
the microorganism. Flow cytometry is a sensitive and accurate tool that easily allows
the discrimination of viable LAB with active cytoplasmic membranes, separating them
from dead or inactive cells at the cytoplasmic membrane level. Therefore, the use of flow
cytometry as a tool for monitoring the integrity of the cytoplasmic membranes could be an
excellent and technologically viable strategy to be implemented to monitor the long-term
preservation efficiency of LAB.
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