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Abstract: The present study was based on bacterial isolation with probiotic potential from artisanal
fermented pickles. A total of 36 bacterial strains were isolated from 50 different artisanal fermented
pickle samples. Nine isolates with promising probiotic potential (PCR99, PCR100, PCR118, PCR119,
PCR121, PCR125, PCR137, PCR140 and PCR141) were selected. The strains showed varied protease,
amylase, lipase and cellulase patterns. The isolated strains displayed varied responses towards
various antibiotic classes, i.e., PCR140 showed resistance to penicillin G, polymyxin B, Metronidazole
and Streptomycin. PCR140 showed highest resistance to bile salt concentrations (0.3% and 0.5%)
and acidic conditions (pH 3 and pH 4) when exposed to mimicked gastrointestinal conditions. The
cell viability against enzymes produced in stomach and intestines showed different patterns as
pepsin was in the range of 94.32–91.22%, pancreatic resistance 97.32–93.11% and lysozyme resistance
was detected at 99.12–92.55%. Furthermore, the auto-aggregation capability of isolated strains was
in the range of 46.11–33.33% and cell surface hydrophobicity was in the range of 36.55–31.33%.
PCR 140 showed maximum antioxidant activity in lyophilized cells as well as probiotic potential.
A phylogenetic analysis based on 16S rRNA gene sequencing confirmed that PCR140 (NMCC91)
with higher in vitro probiotic and antioxidant potential belongs to the genus Lactobacillus with 97%
similarity with Lacticaseibacillus paracasei. This work demonstrated that the isolate PCR 140 (NMCC91)
is suitable for use in food and medical industries.

Keywords: pickles; probiotics; lactic acid bacteria; Lactobacillus; probiotic property; enzymatic potentials

1. Introduction

Food fermentation has traditionally been associated with a myriad of cultures since
antiquity. The outcomes of this centuries-old practice are better food storage, improved
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quality, and an enhanced consistency of final products through pickling or fermentation
processes. Since the beginnings of human civilization, fermentation has been one of
most important components in our diet in the form of wine, beer, yogurt, pickles, cheese,
etc. Pickling can be defined as “a procedure of converting sugar into acids by lactic
acid bacteria” [1]. These acids inhibit pathogens and spoilage-causing non-acid tolerant
microorganisms [1]. Pickling is a common practice for food preservation based on the
fermentation of lactic acid, alcohol and acetic acid [2]. Globally, pickles are consumed as
appetizers that improve the digestion of grains and vegetables. Furthermore, pickles are
stored at room temperature [3,4].

Lactic Acid bacteria involved in the pickling process can be defined as “Gram positive,
organotrophic, non-sporulating, acid and air tolerant, catalase-negative, non-motile cocci
or rod and carbohydrate fermentative and lactic acid forming bacteria” [5,6]. These pickle-
associated bacteria produce unique flavors and also promote overall health and fitness [7].
Pickles improve human health by providing vitamins, carbohydrates, minerals, and certain
pigments such as anthocyanin, glucosinolates, lycopene, β-carotene and flavonoids [8,9].
Pickling serves to preserve the nutritional value of fruits and vegetables, prevents food
spoilage, and increases food safety. Thus, fermentation acts as an alternative for food
additives [1,10,11].

Lactic Acid Bacteria [LAB] can be used as a starter culture for the processing and preser-
vation of meats, fruits, vegetables and dairy items [12]. The final products must meet the
standards of consumer acceptability and consistent quality [13]. Lactiplantibacillus plantarum
and Limosilactobacillus fermentum are well known microorganisms that are suitable for use
as starter cultures [12,13]. The safety and production of antimicrobial compounds makes
LAB a befitting choice for the bio-preservation of food commodities. The antimicrobials
produced by LAB are di-acetyl, ethanol, organic acid, hydrogen peroxide and bactericidal
peptides [14–16].

Probiotics are known to combat the putrefactive impacts of the gut metabolism which
could cause aging and illness. Probiotics were discovered by Elie Metchnikoff, who is
known as the “father of probiotics”. Fermented foods prepared using probiotics are
functional foods and have beneficial impacts on the human gut system [17].

Food and agricultural industries are continuously improving through innovational
strategies, leading to the generation of constantly emerging research technologies. The
change in the acceptance, needs and preferences of consumers is a dynamic process,
but food quality maintenance through technology innovations is obvious. The habits of
consumers, sustainability factors and their cultural heritage affect technological innovations
which are applied in our food industry. Recently, consumers became increasingly health
conscious and now prefer products with higher beneficial values. Manufacturers are
incentivized to produce functional foods due to these demands. Hence, the acceptance of
novel products and successful marketing requires added food value functionalities. Novel
food products can be processed or naturally enriched with active compounds secreted by
biological agents. These compounds provide health benefits apart from those provided by
nutrients when administered in a required quantity.

In the context of previous studies, LABs are recognized as the most prominent probi-
otic strains as few of the species inhabit the small intestine by resisting harsh environmental
conditions, i.e., a low pH, various bile salts and interact with other pathogenic strains and
natural inhibitors through their antagonistic activities and antibiotic susceptibility [18].
Besides, their probiotic capabilities such as production of enzymes and hydrophobic-
ity, auto-aggregation and antioxidative activity against DPPH are well demonstrated by
L. plantarum, P. pentosaceus, P. acidilactici, E. lactis and E. hira which were isolated from
fermented fish Shidal [18], whereas Lactiplantibacillus plantarum F1 and Levilactobacil-
lus brevis OG1 showed antagonistic activity against pathogens [19], and E. faecalis and
E. faecium demonstrated high responses towards cell-surface auto-aggregation characteris-
tics [18].
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This is the first study based on microflora of traditional homemade pickles in this
region of Pakistan. Therefore, this research was performed with the aim to isolate and
identify the potential probiotic LAB from traditional homemade pickles. The strains were
evaluated based on FAO/WHO parameters on the classification of probiotics. These
parameters include the ability to survive simulated GIT conditions, bile salt tolerance,
assessment of antibiotic susceptibility, antagonistic activity, screening of bile salt hydrolase
(BSH) and lipase activity, antioxidative activity against DPPH free radicals and cell surface
characteristics, so that they can be employed for the formation of other beneficial products
for living beings.

2. Materials and Methods
2.1. Isolation and Characterization of Lactic Acid Bacteria

Fifty samples of homemade pickles made in brine were collected randomly from Islam-
abad, Pakistan. Carrot pickles [Daucus carota subsp. Sativus], garlic pickles (Allium sativumi),
radish pickles (Raphanus raphanistrum subsp. Sativus) and green chili pickles (Capsicum an-
nuum) were collected in sterile sample bottles. All the samples were transferred to the
Probiotic Laboratory in the National Institute for Genomics and Advanced Biotechnology
(NIGAB) NARC and were stored at 4 ◦C. Furthermore, samples were serially diluted and
100 µL of a 100-10-5 serial dilution was poured on MRS agar plates and incubated at 37 ◦C
for 48 h. Colonies were randomly selected and purified on MRS agar by repeated streaking
about 4–5 times [4,20,21]. Purified cultures were stored in 30% glycerol at −80 ◦C. The
preliminary identification of isolates included the study of cell morphology, Gram staining,
as well as oxidase and catalase testing [22].

2.2. Molecular Identification of Bacterial Isolates

The molecular identification of selected purified strains was performed by adopting
the procedure described in [23]. The bacterial DNA was isolated through a DNA extraction
process in which colonies were suspended in 1× TE buffer and placed in a PCR machine
for 2–3 min at 6000 rpm after heating at 95 ◦C for 10 min. The 16S rRNA gene of 9 isolated
strains was amplified by PCR [Polymerase Chain Reaction] using the reaction mixture con-
taining PCR water, Taq buffer, DNTPs, MgCl2, Universal primers, =, and Taq polymerase.
After the formation of the reaction mixture, a second set of tubes was placed in PCR for 2 h
and 10 min with the following PCR conditions: initial denaturation at 94 ◦C for 2 min then
30 cycles of denaturation at 94 ◦C for 1 min. Initial denaturation was followed by an anneal-
ing process for 1 min at 50 ◦C. After the annealing process, extension was performed at 72 ◦C
for 1.5 min. Lastly, the final extension of the PCR product was performed at 72 ◦C for almost
5 min. The PCR product was electrophorized by using 2% agarose gel and visualized with
ethidium bromide staining. Selected strains were sent for 16S rRNA sequencing at the com-
mercial sequencing facility of Macrogen Inc. (Seoul, South Korea) Sequences were identified
by using the BLAST system (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 10 June
2019) and were submitted to NCBI on 26 June 2019 (http://www.blast.ncbi.nlm.nih.gov).
Phylogenetic trees were developed by aligning the selected sequences into MEGA version
X with the Neighbor-Joining method.

2.3. Probiotic Characterization
2.3.1. Acid Tolerance

Bacterial cultures were grown in MRS broth with different pH levels of 2, 3, 4 and 5
at 37 ◦C for 24 h in a shaking incubator followed by a measurement of Optical density at
600 nm. The experimentation was performed in triplicate for validity [24].

2.3.2. Bile Tolerance

Bile tolerance was evaluated with a previously used method as described by Kılıç and
Karahan (2010) [25]. Fresh cultures of lactic acid bacterial strains were incubated in MRS

https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.blast.ncbi.nlm.nih.gov
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broth of 0.3% and 0.5% bile acids for 24 h followed by the monitoring of bacterial growth at
600 nm with a spectrophotometer. All the experiments were performed in triplicate.

2.3.3. Cell Auto-Aggregation

Cell auto-aggregation of bacterial isolates was tested using the procedure outlined
by Yadav et al. (2016) [26]. Pure bacterial cultures grown in MRS broth for 18 h were cen-
trifuged at 6000 rpm for 5 min followed by washing and re-suspension in PBS. Absorbance
was measured at 600 nm. This suspension was then incubated for 2 h at 37 ◦C. After 2 h,
1 mL of upper surface supernatant was removed from this suspension and absorbance was
measured at 600 nm. Cell auto-aggregation was determined by the decline in absorbance
capability and measured with the given formula. All the experiments were performed
in triplicate.

Auto-aggregation = (Initial OD − final OD/Initial OD) × 100 (1)

2.4. Cell Surface Hydrophobicity

Cell surface hydrophobicity was carried out following the previously described proto-
col by Gharbi et al. (2019) [27] with slight modifications. Bacterial cultures were incubated
in MRS broth for 24 h at 37 ◦C followed by centrifugation at 6000 rpm for 5 min. Pellets
were washed with normal saline, Phosphate Saline Buffer (PSB), suspended in autoclaved
distilled water and incubated for 20–30 min after adding 600 µL of Xylene. The aque-
ous phase was separated carefully, and its OD was recorded at 600 nm. Calculations of
percentage of hydrophobicity were conducted according to the following formula:

Hydrophobicity Percentage (%) = [(Ao − A1)/Ao] × 100 (2)

where Ao = OD before Xylene addition and A1 = OD of aqueous layer.

2.5. Determination of Pepsin and Pancreatin Resistance

Lactobacillus strains were tested for their resistance to pepsin and pancreatin by
following the method given by Jamaly (2011) [28]. Bacterial cultures were centrifuged at
10,000× g for 5 min followed by washing twice with Phosphate-buffered saline of neutral
pH. Afterwards these cultures were resuspended in PBS solution of pH 2.0 containing
3 mg/mL pepsin and in PBS solution of pH 8 containing 1 mg/mL pancreatin for 24 h.
Resistance to pepsin and pancreatin was determined by calculating viable colony counts.

2.6. Lysozyme Resistance

The lysozyme resistance of selected bacterial isolates was observed using the procedure
suggested by Yadav et al. (2016) [26]. Pure Lactobacilli strains were centrifuged for 10 min
at 7000 rpm. The isolates were washed with PBS twice and suspended in Ringer’s solution.
A total of 10 µL from this suspension was incubated at 37 ◦C in a sterilized electrolyte
solution containing 100 mg/L lysozyme, NaHCO3 1.2 g/L, NaCl 6.2 g/L, CaCl2 0.22 g/L
and KCl 2.2 g/L. A control sample was also prepared by the inoculation of strains in an
electrolyte solution without lysozyme. After 2 h, the plate count method was used to
determine the cell count viability.

2.7. Amylolytic Activity

Amylolytic activity was assessed using a previously recommended procedure de-
scribed by Ghazanfar (2016) [29]. Media was prepared by adding nutrients agar and starch
in distilled water. Media was inoculated with these strains and incubated at 37 ◦C for 24 h.
After that, iodine was sprinkled over it and the presence or absence of luminous zones
was observed.
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2.8. Cellulolytic Activity

Cellulolytic activity was checked using the method described by Ghazanfar (2016)
with slight modifications applied [29]. CMC media was prepared followed by inoculation
and incubation for 37 ◦C for 24 h. The plates were first stained with Congo red dye for
15 min followed by staining with NaCl for 15 min. The presence or absence of a luminous
zone was recorded.

2.9. Proteolytic Activity

Proteolytic activity of LAB strains was measured by streaking these strains on skim
milk agar plates using previously described method as per Monika et al. (2017) [4]. Lumi-
nous zones were observed.

2.10. Lipolytic Activity

For the determination of the lipolytic activity of concerned strains, TSA was prepared
with 1 mL Tween 80 in 100 mL distilled water and phenol red. Colonies were spread on the
solid surface of agar and incubated for 37 ◦C for 24 h. Change in color was recorded.

2.11. Assessment of Antibiotic Susceptibility

Antibiotic susceptibility was assessed using the disc diffusion method described by
Monika et al. (2017) [4]. Bacterial cultures which were 24 h old and grown at 37 ◦C
were tested against 15 antibiotics including Penicillin G (10 iu), Polymyxin B (300 iu),
Chloramphenicol (30 mcg), Ampicillin (10 mcg), Bacitracin (10 iu), Kanamycin (30 mcg),
Cephalexin (30 mcg), Tetracycline (30 mcg), Amoxycillin (30 mcg), Metronidazole (5 mcg),
Vancomycin (30 mcg), Streptomycin (10 mcg), Gentamycin (10 mcg) and Nalidixic Acid
(30 mcg). Bacterial suspensions were swabbed on Mueller Hinton Agar (MHA) agar
plates followed by the placement of antibiotics discs on the MHA agar plates, which were
then incubated for 24 h at 37 ◦C. Results were recorded afterwards. The measurement of
inhibition zones was evaluated on the basis of VETLAB standards. All the experiments
were performed in triplicate.

2.12. Antagonistic Activity

The antimicrobial activity test of concerned strains was carried out using the agar-well
diffusion method [4]. The pathogenic strains were Escherichia coli (ATCC8739), Listeria mono-
cytogenes (ATCC13932), Staphylococcus aureus (ATCC6538), and Bacillus cereus (ATCC11778).
Swabbed plates with a pathogen suspension were used to make wells filled by 50 µL
suspension Lactobacillus strains and zones were measured after incubation at 37 ◦C for
24 h. The experiments were performed in triplicate.

2.13. Antioxidant Activity

The antioxidant activity of bacterial isolates was monitored against (2, 2-diphenylp-
icrylhydrazyl) DPPH free radicals using a protocol described by Nadri et al. (2014) [30].
To perform this assay, 0.03 g of DPPH was added to 100 mL of methanol. An 18 h fresh
bacterial culture was prepared and added (200 mL) to 800 mL of DPPH and kept for 30 min
at 37 ◦C. Ascorbic acid was used as the standard. Scavenging or the inhibition of free
radicals was measured at 517 nm with a UV–visible spectrophotometer. The value was
calculated using the following formula:

Inhibition (%) = [(Absorbance of control Absorbance of tests)/Absorbance of control] × 100 (3)

2.14. Statistical Analysis

The data were expressed as mean ± standard error mean (SEM) calculated over
individual experiments which were performed in triplicate. For the inference statistics, a
one-way ANOVA was used to determine the significant differences among the isolated
strains on quantitative parameters (p < 0.05).
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3. Results
3.1. Purification and Biochemical Characterization of Bacterial Isolates

In this experimental study, nine bacterial isolates were isolated as LAB strains based
on their morphological, biochemical, and molecular characteristics. All the isolated strains
were Gram positive rods. All bacterial isolates were catalase and oxidase negative.

3.2. Enzymatic Potential of Lactobacillus Strains

Enzymatic activity was evaluated to observe the capability of Lactobacillus strains for
producing industrially important enzymes. Bacterial strains did not show any amylolytic
activity except strain PCR125. Clear zones were formed only in the “125” strain’s plate
which indicated that this bacterial strain has potential to hydrolyze the starch. Five strains,
i.e., PCR99, PCR100, PCR118, PCR119 and PCR141 including L. plantarum and L. paracasei
were able to show positive results and to utilize Tween 80 as a lipid source. Two strains
PCR137 and PCR119) showed proteolytic activity (Table 1).

Table 1. Determination of Enzymatic Potential of Selected Lactobacillus Strains.

Bacterial
Isolates

Amylase
Activity Lipase Activity Cellulolytic

Activity
Proteolysis

Activity

PCR99 −− + − −
PCR100 − + − −
PCR118 − + − −
PCR119 − + − +
PCR121 − − − −
PCR125 + − − −
PCR137 − − − −
PCR140 − − − −
PCR141 − + − −

Where: + ve indicates ‘positive’ results as strains shows specified activity. − ve indicates ‘negative’ results as
strain did not show that activity.

3.3. Antibiotic Suscenptibility

The antibiotic susceptibility results of nine bacterial strains against 15 different an-
timicrobial agents are presented in Table 2. Results demonstrated that almost all isolated
strains are sensitive to protein synthesis inhibitors, i.e., Chloramohenicol, Gentamycin and
Streptomycin. Strains showed varied susceptibility responses towards cell wall and DNA
synthesis inhibitors, i.e., Penicilin G, Plymyxin B, Ampicillin, Bacitracin, Vancomycin, etc.
Furthermore, strains were observed to be resistant to Niroimidazoles, i.e., Metronidazoles.

3.4. Determination of Cell Viability under Different Probiotic Parameters
3.4.1. pH Tolerance Assay

The isolated bacteria demonstrated diverse results when exposed to different acidic
conditions, i.e., pH, as mentioned in Figure 1. The graph depicts that isolated strains
are able to survive all pH conditions, specifically pH 5 and pH 7 while at pH 2, PCR118
displayed lowest and PCR140 showed highest tolerance, and PCR100 showed highest
tolerance and PCR137 showed the lowest tolerance at pH 3. At pH 4, a tolerance range was
observed between PCR121 and PCR100. On the whole, significant results were observed.

3.4.2. Bile Salt Tolerance Assay

While observing bacterial tolerance at different bile salt concentrations, bacterial
isolates demonstrated that at a 0.3% concentration, strains were highly tolerant as compared
to 0.5% concentration (Figure 2). It was observed that PCR99, PCR100, PCR140 showed
the highest growth at a concentration of 0.3% and PCR121, PCR118 and PCR119 showed
highest growth among other strains at 0.5%.
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Table 2. Antibiotic Susceptibility Determination of Isolated Lactobacillus strains according to VET-
LAB standards.

Antibiotics
[Anti-Microbial Agents] PCR99 PCR100 PCR118 PCR119 PCR121 PCR125 PCR137 PCR140 PCR141

Penicillin G S I R R R R R R I
Polymyxin B R R R S S S S R I

Chloramphenicol S S S S S S S S S
Ampicillin I R R S S S S S R
Bacitracin S S R S S S S S R

Kanamycin R R S S S S S S S
Cephalexin I S S S S S S S R
Tetracycline I R S S S S S S S
Amoxycillin S R R S S S S S S

Metronidazole R R R R R R R R R
Vancomycin S R S S S S R S S
Cefuroxime I R R S S S S S S

Streptomycin R I S S R S S R S
Gentamycin S I S S S S S S I

Nalidixic Acid S R S S I S R S R

Where R = RESISTANT; S = SENSITIVE; I = INTERMEDIATE.
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3.4.3. Auto-Aggregation and Cell Surface Hydrophobicity Determination

Among the tested strains, all bacterial isolates showed good auto-aggregation in the
range of 46.11–33.33%. Among them, PCR141 was found to be the best auto-aggregating
strain and showed 46.11% aggregation over the 24 h incubation period which means this
strain is capable of aggregating on epithelial layers of intestine (Figure 3). In the present
study, six strains showed highest hydrophobicity, i.e., PCR99, PCR100, PCR118, PCR121
and PCR140, in the range of 36.65–31.33% while the capacity of other strains was also
satisfactory, thereby depicting that the strains are able to survive and adhere themselves
with the epithelial intestinal layers (Figure 4).
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3.4.4. Effect of Lysozyme on Cell Viability

Among the tested bacterial isolates against the bactericidal activity of lysozyme, all
strains showed resistance in the range of 99.12–92.55%. PCR141 was observed to be highly
resistant to lysozyme, showing viability of up to 99.12%, while the trend showed that the
property is strain-specific as all isolates displayed different patterns (Figure 5).
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3.4.5. Pepsin and Pancreatin Resistance Assay

The pepsin and pancreatin resistance test revealed that the selected bacterial isolates
are capable of surviving under intestinal and gastric enzymes as their viability rates were in
the range of 94.34–90.34% for pepsin resistance (Figure 6a) and 97.32–93.11% for pancreatin
resistance (Figure 6b). The results show that PCR140 and PCR137 demonstrated the highest
pancreatin resistance while PCR125 showed lowest resistance. Furthermore, PCR118
and PCR140 possessed the highest pepsin resistance in our study and PCR119 showed
lowest resistance.

Fermentation 2022, 8, x FOR PEER REVIEW 10 of 16 
 

 

PCR118 and PCR140 possessed the highest pepsin resistance in our study and PCR119 

showed lowest resistance. 

 

Figure 6. Determination of bacterial viability in the presence of; (a) pepsin conditions and (b) pan-

creatin conditions. 

3.4.6. Antioxidant Activity against DPPH 

Table 3 displays the antioxidant capability of PCR140. The results show that PCR140 

displayed the highest DPPH free radical scavenging property. The probiotic strains were 

observed with almost the same inhibition ability as displayed with ascorbic acid. 

Table 3. In vitro antioxidant of the PCR140. 

ID Treatments Inhibition % 

PCR140 

Supernatant 67.000 ± 0.82 

Ascorbic acid [drug] 71.1 ± 0.83  

Control 0 ± 0.81 

3.5. Phylogenetic Analysis 

The bacterial isolates were identified on a molecular level by using the BLAST tool 

provided on the National Center for Biotechnology Information [NCBI] website. Four of 

the sequences were submitted to the NCBI database and the taxonomy of these bacterial 

isolates is illustrated in Table 4. 
  

(a) 

(b) 

Figure 6. Determination of bacterial viability in the presence of; (a) pepsin conditions and (b) pancre-
atin conditions.



Fermentation 2022, 8, 328 10 of 15

3.4.6. Antioxidant Activity against DPPH

Table 3 displays the antioxidant capability of PCR140. The results show that PCR140
displayed the highest DPPH free radical scavenging property. The probiotic strains were
observed with almost the same inhibition ability as displayed with ascorbic acid.

Table 3. In vitro antioxidant of the PCR140.

ID Treatments Inhibition %

PCR140
Supernatant 67.000 ± 0.82

Ascorbic acid [drug] 71.1 ± 0.83
Control 0 ± 0.81

3.5. Phylogenetic Analysis

The bacterial isolates were identified on a molecular level by using the BLAST tool
provided on the National Center for Biotechnology Information [NCBI] website. Four of
the sequences were submitted to the NCBI database and the taxonomy of these bacterial
isolates is illustrated in Table 4.

Table 4. Provisionally Taxonomy of Bacterial Isolates.

Strain ID Strain
Name/Genus

Length of 16s
RNA Bacterial Taxonomy

Similarity % of 16s
RNA Gene
Sequencing

Accession
Numbers

PCR118 Lactobacillus 354 Lacticaseibacillus paracasei 99.08% MN088781.1

PCR119 Lactobacillus 417 Lacticaseibacillus paracasei 99.53% MN088853.1

PCR121 Lactobacillus 334 Lacticaseibacillus paracasei 99.30% MN088850.1

PCR125 Lactobacillus 338 Lactiplantibacillus plantarum 99.53% MN089481.1

Provisionally molecular identification of strain PCR140 was followed by a phylogenetic
analysis of Lacticaseibacillus paracasei to study their relationship to the nearest species, as
mentioned in Figure 7.
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4. Discussion

In the present study, nine bacterial isolates were isolated and characterized from fifty
different pickled samples, which displayed potent probiotic potential. Despite the fact that
the isolates of this genus are already being consumed in the market for the production of
many nutraceutical products, no reports have been published reported about their isolation
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from pickles made in brine solution. Furthermore, the present research is novel due to
its sampling area, i.e., Islamabad, where no reports have as of yet been published. The
samples selected for the isolation of LAB strains form an indigenous part of the Pakistani
diet and are consumed unknowingly as probiotic drinks/foods by people. The presence
of LAB strains with potential probiotic characteristics has been reported in many studies.
In a study by Kumar et al. (2011), many Lactic Acid Bacteria were isolated from Persian
traditional vegetable pickles in which Lactobacillus was the predominant species along
with L. Paracasei, L. casei, L. Pentosus, L. brevis and L. mesenteroides [31]. Monika et al. (2017)
isolated Lactiplantibacillus plantarum from pickles made in Himachal Pradesh, India [4].

In terms of the enzymatic activity of functional foods in industries, Lactiplantibacil-
lus plantarum [PCR125] strains showed amylase activity while the other eight strains did
not exhibit this activity, as they are not involved in α-amylase production, which is in
agreement with the results of our research [32]. The literature shows that some strains of
Lactiplantibacillus plantarum are capable of α-amylase production [33,34]. In contrast to the
literature, Lacticaseibacillus paracasei did not show amylolytic activity [35]. The amylase
enzyme has its applications in food, textile, paper, pharmaceutical and detergent manu-
facturing industries as it can be used for corn syrup, glucose syrups, alcohol fermentation,
maltose syrups and in detergents [36,37]. In the present study, the absence of cellulolytic
activity revealed that these strains are incapable of metabolizing carboxymethyl cellulose.
Therefore, it was concluded that cellulase activity is strain dependent. Cellulolytic activity
was observed in the present study, contrary to the study by Singhvi et al. (2010), which
declared mutant LAB strains (Lactobacillus lactis mutant RM2-24) were used for cellulose
production [38]. In accordance with a study conducted by Dinçer et al. (2018), L. plantarum
has the highest lipolysis activity as this activity has been observed in strains isolated from
Pastirma in Turkey [39]. The development and production of cheese flavors such as cheddar
cheese can be achieved with lipase enzymes [40], which reveals that they are able to make
peptide populations of a medium size as a result of proteolytic processes [41]. Protease
enzymes can be used for bread quality improvement, brewing, meat tenderization and for
the coagulation of milk [40,42].

In this study, antibacterial tests were performed in which bacterial strains were tested
against pathogenic strains of E. coli (ATCC8739), Listeria monocytogenes (ATCC13932), Staphy-
lococcus aureus (ATCC6538), and Bacillus cereus. No bacterial strain was detected to be
resistant against pathogenic strains. The results revealed that most strains are resistant
to Penicillin G and metronidazole, which is in accordance with previous research [43–45].
Multiple drug resistance was observed in strains PCR100 and PCR141 while most strains
were observed to be sensitive to these antimicrobial agents. The resistance observed against
some antibiotics tested suggests that our strains would not be affected by therapies using
these antibiotics and might help maintain the natural balance of intestinal microflora during
antibiotic treatments.

Microorganisms must be able to resist uncongenial Gastrointestinal Tract (GIT) con-
ditions to be classified as probiotics and to exert beneficial effects. The stomach pH can
be reduced to 1.0 in the presence of pepsin but in vitro experimentations were performed
with a pH of 1.5–4.5 due to the buffering mechanisms of the food matrix, which produces
shielding effects on gut microbiota [16,23]. Resistance to low pH is essential not only for
use as a probiotic for humans, but also to produce various food products because low
pH resistance helps them to survive in acidic conditions such as in yogurt, etc. More-
over, researchers also discussed that low acidic conditions affect the survival of lactic acid
bacterial strains, especially at pH 2 [23,46,47]. The ability to resist bile salts is crucial for
colonization and metabolic activities of bacterial isolates in intestines. In intestines, bile salt,
at a concentration of 0.3%, is secreted; therefore, bacterial tolerance was observed against
bile salt concentrations of 0.3% and 0.5%. In the present study, the results demonstrated
that isolated strains are significantly tolerant to pH 1–pH 4 and 0.3% bile salt concentra-
tions. BSH activity is a relevant property for probiotic strains to survive the toxicity of
conjugated bile salts in the duodenum [25]. Pancreatin enzymes help in the digestion



Fermentation 2022, 8, 328 12 of 15

of fats, proteins and carbohydrate and are released in intestines through the pancreatin
duct, while pepsin is secreted by gastric chief cells to digest proteins in an inactive form,
i.e., zymogens, which become active when HCl lowers the stomach pH. The tolerance
of bacterial strains against pancreatin and pepsin is considered as another criterion to
predict their survival in harsh GIT conditions [48]. The nine isolated strains displayed
90–95% resistance against pancreatin.

The auto-aggregation property of bacterial isolates allows them to adhere to the ep-
ithelial lining of intestines, which is considered as a beneficial property because it prevents
the flush out of bacterial strains from the body through peristalsis. The auto-aggregation
percentages of isolated strains increased with time which is consistent with previous find-
ings [49,50]. In a study conducted by Abid et al., it was revealed that Lactobacilli strains,
i.e., NMCC-14, exhibit the highest auto-aggregation properties, i.e., 47.55 ± 0.08.

A hydrophobicity test was conducted to detect bacterial attachment capability to
intestinal epithelial cells in the presence of hydrocarbons. Bacterial potential colonization is
considered an important property for the selection of strains in probiotics. Researchers have
discussed hydrophobicity values of some Lactobacillus strains in the range of 82.41–97.96%
but values of 15–60% were also observed [51,52]. The interactive forces involved in the
adhesion process of Lactobacilli strains include electrostatic interaction, passive forces, and
steric and hydrophobic forces. The adherence property of probiotic strains inhibits or
prevents the attachment of pathogenic strains to the epithelial layer of the gut which, in
turn, prevents pathogenic activity in the GIT tract of organisms [53,54]. Our results are in
accordance with the literature [53,55] which demonstrated that Lactobacilli strains isolated in
Islamabad are capable of growing under lysozyme conditions in the range of 96.69–53.45%.
The results of gastric conditions are in accordance with the literature; however, according to
Tokatlı et al., pancreatin has a negative impact on strain-survival rates which is in contrast
to our results [54]. Furthermore, these results are in accordance with the data published by
Adnan et al. (2017) [56].

In this study, the antioxidant activity of strain PCR140 was observed using the DPPH
radical method. The intracellular LAB extracts are reported to have a chelating ability
due to metal ions. Besides, intact LAB cells are known to have antioxidant capabilities;
therefore, they are present in the GIT tract. [55,57,58]. While passing through GIT tract,
LAB released an antioxidant constituent which was reported as a healthy mechanism. Our
experimental results showed higher antioxidant capability which is in accordance with the
previous literature [59–61]. Therefore, strain PCR 140 can be classified as probiotic. The
phylogenetic analysis of isolated strains demonstrated the evolutionary relationship and
showed that isolates possess > 95% similarity with Lacticaseibacillus paracasei strains.

5. Conclusions

The need to isolate Lactobacillus strains with potent probiotic potential was satisfied
with the isolation and characterization of nine Lactobacillus strains from fifty traditional
pickles from Islamabad, Pakistan. This was the first study on Lactobacillus isolates conducted
in Islamabad on fermented products prepared in brine solution. All the nine isolates were
examined on the basis of FAO/WHO guidelines and possessed the minimum criteria to be
classified as probiotics. Lactobacillus strains demonstrated satisfactory resistance against
gastrointestinal conditions such as an acidic environment, bile salt, bile salt hydrolase,
pepsin and pancreatin conditions. Isolated bacterial strains displayed remarkable cell
surface characteristics, i.e., hydrophobicity and auto-aggregation properties. The antibiotic
susceptibility assay concluded that isolated Lactobacilli strains can be classified as safe.
Moreover, Lactobacilli strains with an enzymatic potential of varied significant performances
were observed. Lacticaseibacillus paracasei (PCR140) displayed higher antioxidant potential
as well. The molecular identification of isolated strains showed that three strains were
of Lactiplantibacillus plantarum, five of Lacticaseibacillus paracasei and one was identified as
Levilactobacillus brevis. The phylogenetic analysis of these bacterial isolates was performed
to analyze the evolutionary relationship. After all these experiments, their significance
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results demonstrated that these isolates are suitable for use in food and medical industries
for the benefits of humans and animals. Furthermore, assays such as the hemolysis assay
and gelatinase assay, and the co-aggregation of bacterial isolates with pathogenic strains
need to be studied for a further safety evaluation of isolated strains. Moreover, in vivo
studies evaluating their safety need to be conducted.

Author Contributions: Conceptualization, U.A. and I.G.; methodology, S.G.; software, A.F. and M.M.;
validation, S.G., I.G. and U.A.; formal analysis, A.M.E.; investigation, S.G. and M.A.E.N.; resources,
S.M.B.A.; data curation, S.G.; writing—original draft preparation, S.G. and A.S.A.; writing—review and
editing, S.G., A.S.A. and S.M.B.A.; visualization, M.A.E.N.; supervision, I.G.; project administration,
S.G.; funding acquisition, B.A., A.S.A. and S.M.B.A. All authors have read and agreed to the published
version of the manuscript.

Funding: Abdulhakeem S. Alamri would like to acknowledge Taif University for support No. TURSP
(2020/288). Syed Mohammed Basheeruddin Asdaq wishes to express his gratitude to AlMaarefa
University in Riyadh, Saudi Arabia, for providing support (TUMA-2021-1) to do this study. The
authors also acknowledge PARC laboratory for providing financial support for this research project.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated and analyzed during this study are included in this
published article.

Acknowledgments: The authors extend their appreciation to the Deputyship for Research and Inno-
vation, Ministry of Education in Saudi Arabia for funding this work through grant no. 375213500. Ab-
dulhakeem S. Alamri would like to acknowledge Taif university for support No. TURSP (2020/288).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sayın, F.K. The effect of pickling on total phenolic contents and antioxidant activity of 10 vegetables. J. Food Sci. 2015, 1, 135–141.

[CrossRef]
2. Lee, E.; Jung, S.-R.; Lee, S.-Y.; Lee, N.-K.; Paik, H.-D.; Lim, S.-I. Lactiplantibacillus plantarum strain LN4 attenuates diet-induced

obesity, insulin resistance, and changes in hepatic mrna levels associated with glucose and lipid metabolism. Nutrients 2018,
10, 643. [CrossRef] [PubMed]

3. Khaskheli, G.B.; Zuo, F.L.; Yu, R.; Chen, S.W. Overexpression of small heat shock protein enhances heat- and salt-stress tolerance
of Bifidobacterium Longum NCC2705. Curr. Microbiol. 2015, 71, 8–15. [CrossRef] [PubMed]

4. Monika, S.; Kumar, V.; Kumari, A.; Angmo, K.; Bhalla, T.C. Isolation and characterization of lactic acid bacteria from traditional
pickles of Himachal Pradesh, India. J. Food Sci. Technol. 2017, 54, 1945–1952. [CrossRef]
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