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ABSTRACT

This study aimed at intracellular biosynthesis of selenium nanoparticles using
Lactobacillus  pentosusADEB (LP) and the greenly fabricated nanoparticles were
characterized based on visual observation, spectroscopy, microscopy, energy dispersive
X-rays, X-ray Diffraction, and dynamic light scattering properties. The antibacterial
activities of the Lactobacillus pentosusADEB selenium nanoparticles (LP-SeNPs) against
selected foodborne pathogens were evaluated. A gradual change in colour from brown to
reddish colour indicates the formation of Nano-selenium. The highest absorption peak
for LP-SeNPs was visible between 200-300nm. FTIR analysis shows major peaks
around 1685.40, 1587.31 2163.00, 2936.70, 2968.50, and 3254.38 cm' indicate the
presence of amides on the nanoparticle surface. SEM and TEM analysis shows extrusion
of spherical shape SeNPS from Lactobacillus pentosus cell membrane which indicates
intracellular synthesis of the nanoparticles. The nanoparticles were crystalline with an
average diameter of 106.1 nm and a polydispersity index of 0.295. Elemental selenium
with an absorption peak at 1.37 Kev was present in the nanoparticles. The LP-SeNPs
and culture of Lactobacillus pentosus had antagonistic activities against the foodborne
pathogens. The LP-SeNPs have antagonistic activity against all the test pathogens. The
highest activity was against Salmonella arizonae (11.3 mm). In conclusion, the
intracellular greenly fabricated LP-SeNPs had broad-spectrum antagonistic activity
against the test food-borne pathogens. The addition of selenium nanoparticles to food
can be an added advantage in controlling food-borne pathogens.

Contribution/Originality: This study contributes to existing literature by using green route for intracellular

biosynthesis of selenium nanoparticle using Lactobacillus pentosus ADET MW861694 and by analyzing the

antibacterial potential of the fabricated nanoparticles against some food pathogens. This study uses new estimation

methodology for characterization of the fabricated selenium nanoparticles.

1. INTRODUCTION

Spoilage of food through the activities of microorganisms which resulted in a reduction in shell-life which can

result in an increase in food-borne infection and intoxication and probably shortage of food is a serious global

concern. The outbreak of food-borne infection and intoxication possess a serious health threat to the populace all

over the world. The search for newer antimicrobials with dual functions to serve as an antagonistic agent and
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nutrient enrichment and fortification in the food industry resulted in the emergence of nanotechnology in this
research area. The concept of nanotechnology involves the manipulation of substances and materials at the
molecular level for the production of particles and structures with a nanoscale (ranges from 1-100nm) generally
regarded as Nanoparticles. Nanoparticles show uniqueness in properties such as high surface to volume ratio,
mechanical strength, light absorption, thermal and electrical conductivity, an active surface that has relevant
photocatalytic properties, and electrostatic interaction with bioactive compounds in their environment (Kato, 2011;
Xiao & Wiesner, 2012; Xie, He, Irwin, Jin, & Shi, 2011). Several types of nanoparticles such as silver (Ag)
nanoparticles, gold (Au) nanoparticles, copper (Cu) nanoparticles have been developed using biological benign
(Gericke & Pinches, 2006). The use of microorganisms, their metabolites, and plants for the bio-reduction of metal
ions is based on their ability to absorb and accumulate inorganic metal ions from the surrounding environment.
Bacteria, fungi, and Algae have been reportedly used for nanoparticle biosynthesis (Adebayo-Tayo, Salaam, &
Ajibade, 2019; Korbekandi, Iravani, & Abbasi, 2012; Korbekandi., Ashari, Iravani, & Abbasi, 2018; Mokhtari et al.,
2009; Vigneshwaran et al., 2007).

Selenium has been reported as an essential trace metal and a dietary food supplement with immune-regulative,
fertility-promoting, anti-carcinogenic, anti-aging, antioxidant, detoxification, and antibacterial activity (Li, Yi, Jun,
Huigang, & Songsheng, 2002; Mater et al.,, 2005; Navarro-Alarcon & Loépez-Martinez, 2000). Selenium has a
recommended dietary allowance for adults of 55 pg/d (tolerable upper level is 400 png/d) and it plays a crucial role
in human health (Institute of Medicine, 2000). Lactic acid bacteria (LAB) are Generally Recognized as Safe Status
(GRAS). The combination of selenium and LAB as an antagonistic agent both in-vitro and in-vivo has been
reported to have a better synergetic effect compared to the effect of selenium or lactic acid bacteria alone (Yang et
al., 2009). The potential of Selenium fortified LAB as a novel antimicrobial agent against foodborne pathogens in
fermented food can be harnessed. A Se-enriched dairy product as a potent functional food to satisty the need for
selenium utilization and provide a solution to the selenium deficiency problem in certain areas (Alzate et al., 2007;
Alzate, Fernidndez-Ferndndez, Pérez-Conde, Gutiérrez, & Cdamara, 2008; Alzate, Pérez-Conde, Gutiérrez, &
Cémara, 2010; Palomo, Gutiérrez, Pérez-Conde, Cdmara, & Madrid, 2014) has been reported. Easy generation of
absorbable and high-nutritive organic Se by some microorganisms such as Lactobacillus brevis, Lactobacillus
bulgaricus, Enterococcus faecium, Enterococcus durans, Lactococcus lactis ssp. Lactis, Lactobacillus rhamnosus, and
Lactobacillus fermentum through biotransformation during fermentation has been reported (Andreoni, Luischi,
Cavalca, Erba, & Ciappellano, 2000; Deng et al., 2015; Guo et al,, 2013; Mego et al., 2005; Pieniz, Andreazza,
Pereira, de Oliveira Camargo, & Brandelli, 2013; Xia, Chen, & Liang, 2007). There is a dearth of information on
biosynthesis of selenium nanoparticles of Lactobacillus pentosus as antimicrobials to combat food-borne pathogens.

The majority of food-borne diseases etiological agents are pathogens from the genera Salmonella, Listeria,
Escherichia, staphylococci, Clostridium, and Campylobacter. Hence a continuous search for potent antimicrobials
that can function at different stages of food processing, nutrient augmentation, and packaging is needed. Thus this
study aimed at intracellular biosynthesis and characterization of selenium nanoparticles using Lactobacillus pentosus

ADEB (LP) and evaluation of its antibacterial potential against selected foodborne pathogens.

2. MATERIALS AND METHODS
2.1. Collection and Activation of Culture

Probiotic Lactobacillus pentosus ADET MW861694 culture previously isolated from “wara” and five
toodborne pathogens (Escherichia coli, Salmonella arizola, Salmonella typhiit ATCC 14028, Staphylococcus aureus ATCC
25923, and Staphylococcus aureus 165) were obtained from the Culture Collection, Microbial Physiology Unit,
Department of Microbiology, University of Ibadan, Ibadan, Nigeria. The LAB isolate was cultivated in sterile MRS
broth at 87°C for 48 hrs and further activated in sterile de Man Rogosa and Sharpe (MRS) agar for 48hours at 37°C.

Following incubation, the colonies were enumerated by plate count method until their population reached
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approximately 105-10° Colony Forming Units per milliliter (CFU/mL). Escherichia coli, Salmonella arizola,
Salmonella typhiit ATCC 14028, Staphylococcus aureus ATCC 25928, and Staphylococcus aureus 165 were inoculated in
sterile Nutrient broth and incubated at 37°C for 24 hours. Pure and distinct colonies of these isolates were then
aseptically sub-cultured on 10 mL of freshly prepared sterile nutrient agar and incubated at 37°C for 12 hrs (Yang
et al., 2009).

2.2. Intracellular Green Synthesis of Selenium Nanoparticles Using Lactobacillus pentosus

Intracellular biosynthesis of SeNPs using L. pentosus was done according to the method of Deng et al. (2015).
10 mL of the seed culture was aseptically inoculated into 100 mL of sterile MRS broth and incubated at 87°C for
48hours. 50 mL of the fermentation broth was centrifuged at 4,000xg for 15minutes to separate the pellet (culture)
from the supernatant. The pellet from the centrifuged fermentation broth was added to 500 mL MRS broth seeded

with the most suitable selenite concentration (56 mM) and incubated at 37°C for 72hours.

2.8. Characterization of the Greenly Synthesized Selenium Nanoparticles

The greenly synthesized intracellular SeNPs using L. pentosus was characterized using:

2.3.1. Visual Observation
The gradual changes in colour of the culture medium with or without sodium selenite were monitored and

observed visually.

2.8.2. UV=Visible Spectroscopy
This was done to determine the optical properties of the greenly synthesized LP-SeNPs. 2 mL of the LP-SeNPs
samples cultured at 24-72 hrs were scanned between 200 and 700 nm wavelength, with a resolution of 1 nm. The

UV-Visible spectra were recorded at different intervals of 24-72 hrs (Alkammash, 2017).

2.8.8. Fourier Transform Infrared Spectroscopy (F'T-IR)

The LP-SeNPs were dried and diluted with potassium bromide (FT-IR grade) in the ratio of 1:100. The FT-IR
spectrum of samples was recorded on an FT-IR spectrophotometer (Jasco FT/IR-6300) equipped with JASCO
IRT-7000 Intron Infrared Microscope. The spectrum was recorded in the wavenumber range of 350-4,000 cm™' at a
resolution of 4 cm™ and analyzed by subtracting the spectrum of pure KBr. The peaks obtained were plotted as

transmittance in Y-axis and wavenumber (¢cm) in X-axis (Saifuddin, Wong, & Yasumira, 2009).

2.8.4. Scanning Electron Microscopy (SEM)

The morphological characteristics of nanoparticles were determined using SEM. The precipitate from the
centrifuged LP-SeNPs was dispersed in sterile water, washed twice and the pellet was carbon coated on a copper
grid, dried, and subjected to SEM analysis using Phenom ProX Scanning Electron Microscope. The details
regarding applied voltage, magnification used, and size of the contents of the image were also implanted on the

images.

2.8.5. Transmission Electron Microscopy (TEM)

TEM analysis of the LP-SeNPs was done by dropping the purified pellet on a carbon-coated grid, dried and the
TEM analysis was performed by using JOEL JCM-7000 instrument operated at an accelerating voltage of 15kV
with a resolution of 0.23 nm (Gericke & Pinches, 2006).
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2.8.6. Energy Dispersive X-ray (EDX)

The elemental composition of LP-SeNPs was determined using EDX. The pellet from the centrifuged LP-
SeNPs samples was dried. 100nm thick section of the pellet was placed on the grid and analyzed using Rigaku
instrument model NEX CG. Pure selenium standard was used for calibration, and then a working curve was
selected according to the sample. The sample was then tested and the result outputted (Scimeca, Bischetti, Lamsira,

Bonfiglio, & Bonanno, 2018).

2.8.7. X-Ray Diffraction (XRD)

The crystalline nature of the greenly synthesized LP-SeNPs was determined using XRD. A slurry of the
dehydrated LP-SeNPs samples was placed in a quartz disk. The disk was placed on an XRD slit and analyzed using
an X-ray diffractometer (Malvern Zetasizer, Nano Z500 UK) in the region of 26 operating at a voltage of 45kV and
a current of 30mA at room temperature (Ghareib, Tahon, Saif, & Abdallah, 2016).

2.8.8. Dynamaic Light Scattering (DLS)
DLS was used to determine the size distribution profile of LP-SeNPs. Pellet from centrifuged LP-SeNPs was
diluted in sterile distilled water. The diluted samples were analyzed using a DLS system (Malvern Zetasizer, Nano

7500 UK) and the temperature of the medium was maintained at 25°C.

2.8.9. Antibacterial Potential of the Intracellularly Synthesized LP-SeNPs and Cell-F'ree Culture Supernatants (CFCS)
Obtained from LP-SeNPs

The antibacterial activity of the intracellularly synthesized LP-SeNPs and CFCS was determined using the
Agar Well Diffusion Method (Shivashankar, Premkumari, & Chandan, 2013). E. coli, S. arizonae, S. tyhimurium
ATCC 14028, S. aureus ATCC 25923, and S. aureus 165 was used as the test pathogens. The isolates were cultured
overnight on nutrient agar plates. McFarland standard of the 18 hours old culture of the test pathogens was seeded
on Mueller-Hinton Agar (Oxoid Ltd., England) plates. Uniform wells were cut on the dried agar plate using a
sterile cork-borer of 5 mm. Each well was filled with 20 pL of the bacterial cultures and CFCS obtained from LP-
SeNPs and L. pentosus. Sodium selenite (5 mM) was used as a negative control. The inoculated plates were incubated
at 37°C for 24 hrs. After incubation, the plates were observed for zones of inhibition around the wells. Zones of

inhibition diameter greater than 1 mm were considered positive (Prabhu, Mohan, Sanhita, & Ravindran, 2014).

3. RESULTS
3.1. Intracellular Green Synthesis of Selenium Nanoparticles Using Lactobacillus Pentosus
The visual observation of the LP-SeNPs greenly synthesized using sodium selenite after 72 hours of incubation

is shown in Figure 1. Changes in colour from light yellow to deep red were observed in the reaction medium.
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Figure-1. Visual Characterization of LP-SeNPs at 72hrs.
Keys: A - 5mM Sodium selenite, B — Broth and Sodium selenite mixture.
C — LP-SeNPs.
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3.2. Characterization of the Greenly Synthesized Selenium Nanoparticles
3.2.1. UV-Visible Spectroscopy

The UV-Visible spectra of the biosynthesized LP-SeNPs at different incubation time is shown in Figure 2. At
24, 48, and 72 hrs of incubation, a sharp Surface Plasmon Resonance (SPR) peak was observed at 250 nm and 300

nm.
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Figure-2. UV-Vis Absorption Spectra of LP-SeNPs at Different Hours of Production.

3.2.2. Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectrum of the greenly synthesized LP-SeNPs is shown in Figure 3. Twenty-six peaks were
observed starting from 8254.38 cm™! to 368.84 cm™'. The most prominent bend at 3254.38 cm™! could be attributed
to —OH broad stretch of alcohol. The absorption peak at 2968.50 cm™ and 2936.70 cm™ could be SP? C-H stretches.
The peak at 2163.00 cm™! indicates the carbonyl stretching of transition metals. The absorption peak at 1635.40 cm-
'and 1587.31 cm! corresponds to the C=C stretch of an aromatic ring where there is a delocalized electron system.
The absorption peak at 1412.22 cm™! indicates the presence of the C-C bend of aldehyde. The peak at 1122.55 cm™! is
characteristic of the C-N stretch of an aliphatic amine. The peak at 1084.00 cm™! indicates the presence of Alkyl aryl
ether (C-O). The absorption peak at 1042.66 cm™' could be attributed to the presence of the C-O functional group of
esters and phenol. The weak peak at 992.72 cm™! indicates the presence of the alkane (C=C) group. The peak at
923.67 cm™! corresponds to vibrations of out of plane CH. The weak peak at 853.87 cm™! could be attributed to the
presence of the aromatic CH functional group. The medium peak at 774.51 cm™' corresponds to vibrations of the
alkene (C=C) group. Furthermore, the peak at 651.52 cm™ and 619.55 cm™ indicates the presence of the Alkyl (C-
Br) group while the peak at 555.23 cm™! indicates the presence of the alkyl (C-L) group. The peak at 435.94 cm! and
416.18 cm™! correspond to the Aryl disulfides (S-S) group.
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Figure-3. Fourier transform infrared (FT-IR) Spectra of LP-SeNPs.
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3.2.8. Microscopy
SEM analysis of greenly synthesized LP-SeNPs is shown in Figure 4. Figure 4a shows the spherical LP-SeNPs
around the outer cell membrane while Figure 4b shows the LP-SeNPs to agglomerate in the surrounding medium.

Figure 5. Shows TEM of the intracellularly deposited spherical LP-SeNPs.
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Figure-4a-b. Scanning Electron Micrograph of LP-SeNPs. A - SeNPs around the outer membrane of Lactobacillus pentosus NRIC 0391; B -
Lactobacillus pentosus ADETMW861694 SeNPs agglomerate in the surrounding medium.

Figure-5. Transmission Electron Micrograph of Intracellular Deposits of Bioreduced LP-SeNPs.

3.2.4. Energy Dispersive X-ray (EDX)
The EDX spectrum ascertains the presence of selenium in the sample as shown in Figure 6. The presence of
other elements is attributed to grid support. The EDX spectrum shows that the selenium atom (24.8%) was present,

and the characteristic energy level at 1.50 keV.
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Figure-6. EDX Spectra of Greenly Synthesized LP-SeNPs.
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3.2.5. X-Ray Diffraction (XRD)

X-ray Diffraction spectra shown in Figure 7 provide information about crystalline phases of the selenium
nanoparticles. The figure shows X-Ray Diffraction of the greenly synthesized LP-SeNPs at a 26 angle of 0-80°. Five
diffraction peaks were present starting from 6.6916° to 23.9124°. The diffraction peaks at the position of 26 values of
6.6916°, 19.7324°, 21.0314°, 21.7120°, and 23.9124° correspond to 110, 322, 331, 420, and 422 planes of the face-
centered cubic (FCC). This indicates that the greenly synthesized selenium nanoparticles have a crystalline nature.
The peaks observed in the XRD spectrum confirmed that selenium nanoparticles have been formed in the form of
nanocrystals. The diffraction peaks at position 2e values of 6.6916°, 19.7324°, 21.0314°, 21.7120°, and 23.9124°
correspond to 110, 822, 831, 420, and 422 planes of the face-centered cubic (FCC).
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Figure-7. XRD spectra of Greenly Synthesized LP-SeNPs.

3.2.6. Dynamic Light Scattering (DLS)

Figure 8a-b reports the particle average diameter size, size distribution, and polydispersity index (PDI) of the
greenly synthesized LP-SeNPs using Dynamic Light Scattering. The DLS spectrum shows the average diameter
size to be 106.1 nm and a polydispersity index of 0.295.
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Figure-8b. DLS Spectra of Greenly Synthesized LP-SeNPs. A - Size Distribution by Intensity;B - Size Distribution by Volume.

3.8. Antibacterial Potential of the Intracellularly Synthesized LP-SeNPs and LP-Culture against the Test Pathogens

The antagonistic activity of LP-SeNPs against the food-borne pathogen is shown in Table 1. The LP-SeNPs
have antagonistic activity against all the test pathogens. The antagonistic activity of LP-SeNPs ranged from 6.0 —
11.1 mm, 12.1 to 18.2 mm, 0 .0 — 9.0 mm, 0.00 to 10.1 mm, and 0.00 to 8.1 mm against Escherichia colz, Salmonella
arizonae, Salmonella typhimurium ATCC 14028, Staphylococcus aureus ATCC 25928, and Staphylococcus aureus 164
respectively. The highest activity was against Salmonella arizonae (11.3 mm). LP-culture had antagonistic activity
only against Salmonella arizonae while the other test pathogens were resistant to the LP-culture. The broth

medium and selenium broth medium did not have any antagonistic activity against all the test pathogens.

Table-1. Antibacterial activity (mm) of LP-SeNPs and LP-culture against some of the test pathogens.

Test Pathogen Antagonistic activity (mm)

LP- culture | LP-SeNPs | BM | NaSeBM | Streptomycin
Escherichia coli - 11.5 - - 7
Salmonella arizonae 12.1 13.2 - - 10.1
Salmonella tphimurium ATCC 14028 - 9 - - 8
Staphylococcus aureus ATCC 25923 - 10.1 - - 7.2
Staphylococcus aureus 166 - 8.1 - - 7.2

Keys: LPBC — Lactobacillus pentosus ADET MW861694 culture: LP-SeNPs —Lactobacillus pentosus ADET MW861694 selenium nanoparticles: BM —
Broth Medium: NaSeBM — Sodium selenite broth medium: Streptomycin — Streptomycin.

4. DISCUSSION

Deepening of the reddish color of the medium as selenite concentration increases may be attributed to higher
reduction or detoxification efficiency of sodium selenite in the living cells as reported by Kieliszek, Blazejak,
Bzducha-Wrébel, and Kurcz (2016). An increase in selenite concentration has been reported to be proportional to
an increase in elemental selenium production (Deng et al., 2015).

UV-Vis spectrum is the most basic and important technique for the observation, identification, and
characterization of nanoparticles (Khurana & Vij, 2013). Colour change could be attributed to changes in the atomic
size of the metal to nanosized which is seen absorbed in the visible region of the spectrum. The highest SPR peak of
300 nm observed at 72 hrs may be due to the formation of nano-selenium during the bio-reduction process of
selenium ions. The absorbance peak of 200nm recorded during biosynthesis of LP-SeNPs is similar to that of
Forootanfar et al. (2014) after the synthesis of nano-selenium using Streptomyces microflavus strain FSHJ31. The
absorbance peak of 300nm is similar to that of Hariharan, Al-Harbi, Karuppiah, and Rajaram (2012) and Rajasree

and Gayathri (2015) after the synthesis of nano-selenium by Saccharomyces cerevisiae and Lactobacillus spp.
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respectively. The broad absorption band could be due to aggregations between selenium nanoparticles and this is
similar to the report of Yang, Shen, Xie, Liang, and Zhang (2008).

The presence of functional groups is evidence of the contribution of biomolecules present in bacteria in the
stabilization of selenium nanoparticles (Debieux et al., 2011). The —OH broad stretch of alcohol or phenol group
corresponds to the report of Mallikarjuna et al. (2011). The presence of C-H, C=C, and C-O functional groups is
similar to the report of Ananth, Keerthika, and Rajan (2019). The characteristic C-C and C-N functional group
which indicates the presence of proteins correspond with the report of Jyoti, Baunthiyal, and Singh (2016) and
Patel, Mighri, and Ajji (2012).

Scanning Electron Microscopy and Transmission Electron Microscopy provides information about the
morphology and size of the selenium nanoparticles. The spherical and uniformly distributed biosynthesized
selenium nanoparticles revealed by the SEM micrograph are similar to the report of Eszenyi, Sztrik, Babka, and
Prokisch (2011). SEM also revealed the presence of selenium nanoparticles around the cell membrane. This is in
line with the report of Deng et al. (2015) on selenium nanoparticles found near the surface of the cell. TEM
microscopy revealed the selenium nanoparticles dispersed in the aqueous solution to be a spherical shape which is
similar to the SEM analysis and the TEM reports of selenium nanoparticle biosynthesized by Torres et al. (2012)
using Pantoea agglomerans. However, the TEM micrograph shows the selenium nanoparticles' size was smaller than
those revealed by SEM to be present in the cell membrane. This result is similar to the reports of Dhanjal and
Cameotra (2010) for Bacillus cereus nanoparticles. The formation of larger SeNPs around the cell membrane may be
due to the agglomeration of the nanoparticles after extrusion for the cell, causing them to lose their shape and
increase in size (Torres et al., 2012).

EDX analysis is mostly used for qualitative (the type of elements) as well as quantitative (the percentage of the
concentration of each element of the sample) analysis. The emission peak of elemental selenium at 1.50keV is similar
to that observed for selenium nanoparticles biosynthesized by Fesharaki et al. (2010) using Klebszella pneumonia. The
emission peak of 1.37keV, 11.22keV, and 12.49keV have been reported (Kora, 2018; Li et al., 2014). EDX spectrum
revealed the presence of other elements such as C, O, Si, Ca, Fe, and Au with selenium atom accounting for about
24.80% of the total component. (Xu et al.,, 2018) reported the presence of other elements such as Ti and Cu in
selenium nanoparticles synthesized by L. casei. The presence of Ca is similar to that found in selenium nanoparticles
biosynthesized by Klebsiella pneumoniae (Fesharaki et al., 2010). Calcium acts as a reducing and stabilizing agent to
prevent the clusters of selenium atoms from growing and to obtain stabilized nanoparticles in a colloidal suspension
Mates et al. (2019). C and O peaks were also reported by Torres et al. (2012) for selenium nanoparticles
biosynthesized by Pantoea agglomerans. Si element was reported to be present in selenium nanoparticles synthesized
by Alkaligenes faecalis, and the presence of Au by Bacillus megatarium (Mishra et al., 2011). Generally, microbial
synthesis of nano-selenium can lead to the insertion of some unknown compounds on the surface of nanoparticles;
this is evident from their FTIR spectra as reported by Shakibaie et al. (2010a); Shakibaie, Khorramizadeh,
Faramarzi, Sabzevari, and Shahverdi (2010b).

The difference in the particle size distribution of biosynthesized selenium nanoparticles may be due to the
polydisperse (0.295) nature of the synthesized nanoparticles. Nanoparticles with a size of 98nm were the most
frequently observed and an average diameter of 106.1lnm was demonstrated for the biosynthesized selenium
nanoparticles. Fernandez-Llamosas, Castro, Blazquez, Dfaz, and Carmona (2017) reported an average diameter of
136nm in Vibrio natriegens synthesized selenium nanoparticles. Avendano et al. (2016) also reported an average
diameter of 266nm in Pseudomonas putida synthesized selenium nanoparticles.

Metal nanoparticles have been reported to exhibit excellent antibacterial activity against food pathogens
(Stoimenov, Klinger, Marchin, & Klabunde, 2002). The zone of inhibition indicates the antibacterial efficiency of

selenium nanoparticles against all the selected food pathogens. Similar results on the antibacterial activities of
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selenium nanoparticles against E. coli, Salmonella typhimurium, and Staphylococcus aureus have been reported (Shoeibi
& Mashreghi, 2017; Yang et al., 2009; Yang et al., 2018).

In conclusion, Lactobacillus pentosus culture was able to bio-reduced sodium selenite intracellularly for the
biosynthesis of selenium nanoparticles with broad antibacterial activity against selected foodborne pathogens.
There is, therefore, the need for more extensive studies on bio-fortification of food with selenium nanoparticles for
nutrient improvement, bio-control spoilage, and food-borne pathogen and to improve the shelf-life of fermented
food. There is a need to validation of intracellular and extracellular mechanisms of interaction between bacterial
cells and metallic nanoparticles are important. This will further open up the field of food and biopharmaceutical

Nanobiotechnology and pragmatic approach with potential applications in the food and pharmaceutical industries.
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