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Unrevealing the inhibitory effect of Zn on presumptive Lactobacillus sp. RJ1: A
Microscopic observation
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ABSTRACT

The study aims to evaluate the effect of Zn on a bacterial strain, which was isolated from the curd and biochemically
characterized to be presumptive Lactobacillus sp. RJ1. Influence of varying concentrations of ZnCl, on the growth of isolated
Lactobacillus sp. RJ1 was evaluated. Scanning electron microscopy, facilitated by a JEOL JSM-7610FPlus FESEM, provides
detailed observations on biofilm formation. Elemental dispersion analysis of X-ray (EDX) provided elemental compositions of
the sample surface. The research work further explored the interaction between the bacteria and cotton cloth fabric, which
served as a surface for bacterial attachment. The findings validated Lactobacillus sp. RJ1's ability to form a well-structured
biofilm and confirm the suitability of cotton cloth as a material for such experiments. Furthermore, the study uncovers the
presence of different shapes of nanostructures on the surface of cotton threads primarily governed by the initial concentrations
of ZnCl,. At the 0.1M concentration of ZnCl, needle-shaped nanostructures ranging from 200 to 480nm in length were
observed on the fiber surface. It was further observed that Lactobacillus sp. RJ1 could not form biofilm in the presence of
ZnCl,. Thus, it is suggested to use Zn resistant probiotic strain when co-administrating to treat intestinal dysenteries.
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RESUMEN

El estudio tiene como objetivo evaluar el efecto del Zn en una cepa bacteriana, que fue aislada de la cuajada y caracterizada
bioguimicamente como presunta Lactobacillus sp. RJ1. Influencia de diferentes concentraciones de ZnCl; en el crecimiento de
Lactobacillus sp. Se evalué RJ1. La microscopia electrénica de barrido, facilitada por un JEOL JSM-7610FPlus FESEM,
proporciona observaciones detalladas sobre la formacion de biopeliculas. El anélisis de dispersion elemental de rayos X (EDX)
proporciond composiciones elementales de la superficie de la muestra. El trabajo de investigacién exploré més a fondo la
interaccion entre las bacterias y la tela de algodén, que servia como superficie para la adhesion de las bacterias. Los hallazgos
validaron Lactobacillus sp. La capacidad de RJ1 para formar una biopelicula bien estructurada y confirma la idoneidad de la
tela de algodon como material para tales experimentos. Ademas, el estudio revela la presencia de diferentes formas de
nanoestructuras en la superficie de hilos de algoddn gobernadas principalmente por las concentraciones iniciales de ZnCl,. A
una concentracion de 0,1 M de ZnCl,, se observaron nanoestructuras en forma de aguja de entre 200 y 480 nm de longitud en
la superficie de la fibra. Se observé ademas que Lactobacillus sp. RJ1 no pudo formar biopelicula en presencia de ZnCl,. Por
lo tanto, se sugiere utilizar una cepa probidtica resistente al Zn cuando se coadministra para tratar la disenteria intestinal.
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INTRODUCTION

Zinc is an essential component in the treatment of diarrhea,

which is especially important in young children. It reduces

the duration and severity of diarrhea, boosts the immune

health,

absorption, and complements oral rehydration therapy. Zinc

system, improves intestinal enhances nutrient
supplementation has been recommended for the treatment of
acute diarrhea in children by both the World Health
Organization (WHO) and UNICEF because it is both cost-
effective and supported by evidence [1]. Several studies
have also suggested the use of zinc in the case of diarrhea
and a lot of the pediatricians are using zinc and probiotic
combination to treat such dysenteries [2].

Due to the distinct attributes and considerable importance,
nanoparticles have emerged as a recent focal point of study
in contemporary scientific research, representing a new and
innovative area of investigation. ZnO nanoparticles have
been reported to demonstrate beneficial effects on growth
performance, intestinal morphology and microflora, and
immunity, similar to the conventional ZnO [3]. In recent
years, there has been a significant increase in scientific
investigations focused on the fabrication of nanoparticles
through the utilization of chemical, physical, and green or
biological synthesis approaches. The use of green synthesis
is increasingly substituting traditional physical and chemical
processes due to its cost-effectiveness, environmentally
safe, and non-toxic [4]. Different microbes such as Bacillus
cereus [5], Shewanella loichica [6] have been utilized to
synthesize inexpensive metallic nanoparticles, including
silver, gold, zinc, and titanium. A range of analytical
the

characterization of nanoparticle synthesis. These techniques

techniques are employed for identification and
include UV-Vis Spectroscopy, Fourier transform infrared
(FT-IR) spectroscopy, transmission electron microscopy
(TEM), scanning electron microscopy (SEM), Energy
Dispersive X-Ray (EDX), and X-ray diffraction (XRD).
However, in the present study our aim was not no
synthesize ZnO nanoparticles, or check their antimicrobial
activity, but to evaluate the synergistic effect of Zn salt and

bacterial strains, when co-administered simultaneously.
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On the other hand, probiotics refer to living microorganisms
The
frequently

that confer beneficial effects on the host cell.

predominant bacterial and fungal species

employed in probiotic formulations are Lactobacillus,

Bifidobacterium, Escherichia, Enterococcus, Bacillus,
Streptococcus and Saccharomyces [7]. Research findings
indicate that probiotic strains have been associated with
beneficial effects on digestive health, immune system
enhancement, and decreased susceptibility to specific
illnesses [8]. According to reports, Lactobacillus has

demonstrated the ability to synthesize a range of
nanoparticles, including gold, silver, and selenium and
titanium dioxide [9-11]. Furthermore, a number of studies
have demonstrated the efficacy of Lactobacillus in
facilitating the production of ZnO nanoparticles [12,13].
Thus, Lactobacillus may help in synthesizing nanoparticles
and is also a well-known biofilm form, which is primarily
used in a probiotic preparation.
It is evident from several clinical trials that Zn and Probiotic
combinations are giving variable results. Thus, the current
research is focused on the evaluation of the influence of Zn
on the growth and biofilm formation ability of isolated
Lactobacillus sp. However, the isolated strain must meet the
criteria that allow it to be considered as a potential probiotic
and further application in the treatment of intestinal
dysentery.

MATERIALS AND METHODS
Isolation, culturing of the bacterial strain
Bacterial culture of Lactobacillus sp. RJ1 used in this study
was isolated from curd sample, which is a fermented product
from a milk. Loopful curd sample was taken and streaked on
selective media (MRS agar plates). The inoculated plates
were incubated at 32°C for 4-5 days. The isolates were
checked for catalase test and only negative samples were
used after confirming the colony morphology and Gram’s
staining.
Characterization of isolated strain
For preliminary identification few tests were conducted; e.g.
catalase test: a loopful of actively growing culture was taken

on a glass slide and 3 % (v/v) H20, was added (2-3 drops)
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and observed for the formation of gas bubbles (O,). For
bright field microscopic examination and Gram’s character
the culture was processed as per the standard protocol [14]
and observed under the under 400-1000X magnification.
Effect of various Zinc concentrations on the growth of
Lactobacillus sp. RJ1

Bacterial culture was grown on MRS Broth at 32°C for 48
hours. Culture having 0.2 absorbance at 600nm was used as
inoculum for the experiment. Different concentrations of
ZnCl, were prepared i.e. 0.05 M, 0.1 M and 0.5 M along
with blank (no ZnCl,) in MRS broth tubes containing 2cm x
2cm cotton cloth piece (to form a biofilm) and sterilized in
an autoclave. Cotton cloth was used as a matrix for the
development of biofilm as it is porous, moisture retaining,
biocompatible, economic, easily available and easy to
handle at variable sizes. Three sets of each tube was
prepared and 100 pl bacterial culture was inoculated after
autoclaving and then incubated at 37°C for 5 days. A tube
containing growth media and cotton cloth without bacteria
was used a control.

Scanning electron Microscopy

A quick and easy method has been developed to study the
microbial biofilm on cotton surface. Instead of the complex
process for SEM observations, the cotton cloth piece form
all the sets were removed from the tubes after 48 hrs of
incubation, gently rinsed with distilled water and dried for
24 hrs at 50 °C. Completely dried cloth was used for the
direct observations under the electron microscope. The
cloth samples were removed after appropriate time interval
and stored in a dry/airtight container till the observation. A
small piece of the cloth was taken and placed on carbon
tape. The specimen was coated with a thin gold layer
through physical vapor deposition before subjecting to
Scanning Electron Microscopy. The sample was then
observed under different magnification using JEOL JSM-
7610FPlus FESEM.

Elemental dispersion analysis of X-ray (EDX)

The FESEM JSM-7610F chamber was fitted with Energy
Dispersive X-ray (EDS) detector for elemental analysis.

EDX was used to determine the elemental composition on
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the dried cloth piece. The presence and absence of Zn were

observed on the surface of all the samples.

analysis was carried out on two different CCA cables with
0.18, 0.24 and 0.25 mm diameters. Since the samples are
already bi-metals, no surface coating is required for SEM
analysis.To dehumidify samples, they were placed in the
oven at 25°C for 2 hours. Then, CCA wire samples were
emplaced on carbon stubs. Zeiss EVO-50 with Bruker-Axs
XFlash 3001 SDD-EDX installed in Hacettepe University,
Department of Geological Engineering, Ankara, Turkey has
been used and operated under 15 kV accelerating voltage,
15 nA probe current. First of all, the samples have been
visualized in BSE mode. Then, X-Ray chemical maps have
been generated with at least 5 minutes of scanning. Line
scan profiles along the zones of the corrosion have been
applied. Qualitative chemical analyses have also been

performed on the wire and the chemical substances.

RESULTS AND DISCUSSION
Biochemical characterization of isolated strain

Catalase test considered one of the significant test as
Lactobacillus spp. do not produce catalase [15]. A catalase-
positive strain Bacillus subtilis has been used as positive
control. After the addition of hydrogen peroxide, bubbles of
oxygen immediately appeared in Bacillus subtilis, while
isolated Lactobacillus sp. RJ1, did not show any bubble
formation.

Isolated Lactobacillus sp. RJ1 was Gram-positive. The
bacteria showed purple colour and having rod-shaped
structure. The bacterial cells were arranged as chain and
sometimes in pairs (Figure 1). Based on these characteristics,
the isolated strain seems a presumptive isolate of
Lactobacillus sp.

Effect of various Zinc concentrations on the growth of
Lactobacillus sp. RJ1

Cotton cloth fabric was used as a surface for the bacteria to
develop the biofilm. The threads of the cloths provided a
large surface area and allowed the attachment of the bacterial
As visible in the SEM

cells. images of the control

(uninoculated) tube, the threads were intact and arranged,
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which could be used by the bacteria to form a biofilm
(Figure 2).
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Flgure 1: Bright field microscopic view of Gram positive

isolated Lactobacillus sp. RJ1 (magnification: 1000 X)
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Figure 2 Scanning electron microscopic image of cotton
cloth fabric showing well-arranged threads to provide
surface for bacterial attachment at a magnification of 50 X
and 5 kV.

The tube containing only bacteria Lactobacillus sp. RJ1
without Zn grow well and demonstrated well-arranged
biofilm formation on the fabric surface. The observed cells

showed typical lactobacillus cell morphology, rod-shaped,
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vertically dividing, arranged in the form of chain. The size of
the cells was in the range of 1 um to 2.5 pm in length and
about 0.5 um in width. The threads were fully covered by
bacterial cell (Figure 3A-B). These observations confirmed
the ability of Lactobacillus sp. RJ1 to form a well-structured
biofilm and also the suitability of the cotton cloth as material
to be used for such studies.

The presence of the bacterial cells was difficult to detect in
all the samples as none of the Zn concentration could
enhance or support the growth and biofilm formation by
Lactobacillus sp. RJ1. On the other hand, different shapes of
the ZnO nanoparticles were observed depending upon the
initial concentration of ZnCl,. It has been already reported
that a precise and systematic control on the concentration of
the precursor i.e. ZnCl; results to different shape and size of
ZnO nanostructures [16]. On the other hand, different shapes
of the ZnO nanoparticles were observed depending upon the
initial concentration of ZnCl,. Spherical nanostructures
ranging from 50-200 nm were observed on the cloth having
lowest concentration of ZnCl, i.e. 0.05M. The structures
were aggregated and seems to be closely attached to the
thread surface. On the other hand, no bacterial biofilm was
observed (Figure 4A). At the 0.1M concentration of ZnCl,,
needle-shaped structures ranging from 250nm to 480nm in
length and about 55nm in width were detected only at the
concentration of 0.1M of Zn (Figure 4B). Zinc oxide
nanostructures of different shapes including needle
(nanorods of 6 - 7 um in length and 50-100 nm of width)
flowers, pencil and square shaped structures have also been
synthesized and reported, which might be used for the
potential applications in variety of fields [17]. In the present
study, as observed at the highest concentration of ZnCl;
cubes or square shaped nanostructures were observed, which
were also closely associated to the surface (Figure 4C).

As compared to other two concentrations of ZnCl,, in the
case of 0.1M well-structured and much more regulated shape
and size of the nanostructures was observed. However, the
other structures were showing agglomeration and closely
adhered to the surface, while the needle structures were sharp

and clear as observed under the SEM (Figure 5)
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Figure 3 Scanning electron microscopic image of Lactobacillus sp. RJ1 growth on the cotton threads and formation of biofilm;
(A) arrangements of cells at 5000X and 5 kV, (B) arrangements of cells at 10000X and 5 kV.

Figure 4 Visible nanostructures on the surface of cotton thread at different initial concentration of ZnCl,; (A) 0.05M at
15000X and 5 kV, (B) 0.1M at 10000X and 5 kV, and (C) 0.05M at 10000X and 5 kV

lpm MUJ-JEOL 9/12/2023 lpm  MUJ-JEOL 9/12/2023
SEM WD 9.8mm 11:29:13 s SEM WD 9.1mm 09:52:52

Figure 5 Scanning electron microscopic images showing (A) Needle shape nanostructures on the cotton thread at 5000 X and
5 kV (B) Size of the needles ranged from 200 — 480 nm in length as observed at 15000 X and 5 kV
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EDX analysis of the samples revealed that only C and O
along with come concentration of Na was detected in the
control sample and there was no other significant peak was
detected. On the other hand, Zn and CI peaks were detected
in the samples, which were inoculated with ZnCl, (Figure
6). The Zn and CI concentration were also in the same range
as used initially. Thus EDX analysis confirmed the presence
of only one metal i.e. Zn in all the samples except the
control. Based on the above observations it may be
concluded that ZnCl, might act as precursor to synthesise
nanostructures. However, this was not the primary aim of
the study, these structures of different size and shape are
primarily governed by the initial concentration of the ZnCl.
salt. The reaction might have lead by the bacterial presence,
however, no significant number of bacterial cells were
observed in any of the sample except the control one. It also
possible the cotton fibres might be involve in the synthesis
of such kind of nanostructures, which were used as a
template and allow the surface area for nanostructure
synthesis [18].
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Figure 6 EDX analysis showing the presence of different
elements on cotton fibre surface: (A) C and O on the control
and (B) C, O, K, Zn and CI along with Na in the 0.1M
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ZnCl; containing sample
Thus, it was clear that either or both the possible mechanism
for nanostructure synthesis might be involved in the present
study. However, in any case, the bacteria could not get the
available surface for the attachment to develop a biofilm.
The same was observed in the present study. Further, to
understand the synergistic effect of Zn and probiotic, this
point must be taken care of. If the nanostructures are
developed no bacterial biofilm is formed and probiotic may
not function as per its desired application.
In earlier study, it was observed that infants in the Probiotic
Receiving Group had a higher rate of diarrhea persistence on
the third and fourth days of admission compared to the Zinc
Receiving Group. As a result, the study concluded that zinc
supplementation at a 20 mg dose was more effective and
associated with fewer complications than probiotics in
treating diarrhea in infants [19]. However, the study did not
report anything on the combination of both. Similarly,
another study was not able to demonstrate a significant
clinical benefit of the probiotic Bacillus clausii and zinc
supplement therapy to treat acute diarrhea in Indian children
[20]. Thus, the studies have varied the

combination of Zn and probiotic is not completely ensured as

results but,

the Zn maybe toxic to most of the available strains and in
some cases the mechanisms are also unknown. Most of the
probiotic bacteria are sensitive to zinc and most of them
cannot grow in the presence of zinc. It was further, suggested
to use zinc tolerant probiotic streams as a combination to get
the highest benefit of the probiotic properties of the bacteria.
In the present study, it was observed that the recommended
amount of the zinc may not suitable for the growth of
probiotic bacteria, which was used in the present study.
There are several factors, which can negatively influence the
growth of probiotic bacteria, however, one of the present
observation reveals the production or synthesis of zinc
nanoparticles, which might be toxic for the bacteria to grow
and may not allow them to form a proper biofilm. Further,
the molecular identification and characterization of the
isolated strain as probiotic may be carried out to further

endorse its clinical applications based on the resistance to
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gastrointestinal transit, adhesion to intestinal epithelial cells,

bactericidal activity and susceptibility to antibiotics.

CONCLUSION
In conclusion, this study unveils few essential insights into

the relationship between zinc, an isolated strain i.e.
presumptive Lactobacillus sp. RJ1, and the formation of
biofilms. The ability of the isolated strain to form well-
structured biofilms holds promise for its potential
application in the treatment of intestinal dysenteries. The
use of cotton cloth as a support material for bacterial
attachment has been validated, opening new avenues for
biofilm-related studies. However, the diverse outcomes
observed during the present study including the combination
of zinc and bacteria demonstrated the inhibitory effect of
zinc on the growth of Lactobacillus sp. RJ1, which might be
the non-availability of the surface to form a biofilm as Zn
nanostructures were observed on the surface of cotton
thread. The presence of different nanostructures on the
cotton thread's surface, influenced by different initial
concentrations of ZnCl,, highlights the multifaceted nature
of this interaction. However, these findings may not confirm
the administration of Zn salt and probiotics ration, which
may be further explored before clinical trials.
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