ACTA AGRARIA DEBRECENIENSIS 2021-1

DOI: 10.34101/ACTAAGRAR/1/8940

A simple method for preparing elemental selenium nano-coating inside a silicone surface

Khandsuren Badgar®? — Jézsef Prokisch'?

*Institute of Animal Science, Biotechnology and Nature Conservation, Faculty of Agricultural and Food Sciences and Environmental
Management, University of Debrecen, 138 Boszorményi Street, 4032 Debrecen, Hungary
2Doctoral School of Animal Science, University of Debrecen, 138 Boszorményi Street, 4032 Debrecen, Hungary
b_khandsuren@muls.edu.mn

SUMMARY

Selenium nanoparticles (SeNPs) with a bright red colour have aroused worldwide attention due to their unique properties in selenium
supplementation because of their low toxicity and favourable bioavailability. A simple method was developed for making a red selenium
nanolayer on the inner surface of Polyvinyl chloride (PVC) and silicone tube. The selenium nanoparticles were produced by the reaction of
sodium selenite and ascorbic acid. Red amorphous selenium nanoparticles have been successfully synthesized by the reaction of 500 mg dm
Se (sodium selenite) solution with 10 g dm=ascorbic acid solution at room temperature, and morphology was confirmed by X-ray diffraction
analysis (XRD). The coating density was compared on PVC and silicone surfaces by using Scanning Electron Microscopy (SEM) and Energy-
dispersive X-ray (EDS) analysis. The nanolayer with about 16 um thickness on the silicone surface significantly evenly distributed compared
to the PVC surface. The selenium coated silicone tube could be a good source of selenium for a continuous, low-level selenium supplementation

of farm animals via drinking water.
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INTRODUCTION

Selenium is an essential microelement that supports
health maintenance and disease prevention of humans
and animals as a major structural component of some
important enzymes and hormones. Generally, its
nutritional value depends mainly on the dose and type
of selenium species present in the source. The
elemental selenium nanoparticles have very good
bioavailability (Shi et al., 2011; Wang et al., 2007;
Zhang et al., 2008), and low toxicity (Benko et al.,
2012; Zhang et al., 2008). On the other hand, the
biological properties and applications depend on the
process of preparation. Especially smaller particles
have greater activity (Torres et al., 2012). Therefore, in
recent years, the synthesis of nanoparticles is
increasingly focusing being focused upon. The
synthesis of nanoparticles occurs through the reduction
of metal ions to neutral metal atoms by the addition of
reducing agents such as by biological (plant, bacteria,
fungi, protozoa), physical (sonication, laser ablation,
radiation, electro-deposition), and chemical (sol-gel
technologies, redox processes, hydrothermal) sources.
That way, the size, shape, structure, and atomic
arrangement of nanomaterials change, and they have
high bioavailability and lower toxicity than other
general forms. Therefore, nanoparticles play an
important role in a lot of applications related to
biomedical engineering, chemical technology,
environmental engineering, polymer technology,
biotechnology, food science, agricultural development,
etc. (Prasad et al., 2017; Ram et al., 2014). Especially,
selenium nanoparticles have recently attracted more
attention in many scientific sections, and selenium has
been widely wused in food supplements and
nanomedicine. Because, selenium nanoparticles have
functional properties for treatments and preventions
which play in the feed digestibility (Galbraith et al.,
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2016; Shi et al., 2011; Xun et al., 2012), reproductive
system (Badade & Narshetty, 2011; Fernandes et al.,
2012; Shi et al., 2010), antioxidant system (Shi et al.,
2011; Wang et al., 2007), immune systems (Kojouri et
al., 2012), anticancer (Bao et al., 2015; Pi et al., 2013;
Ramamurthy et al.,, 2013; Zhang et al., 2013),
antibacterial (Jackman et al.,, 2016; Shoeibi &
Mashreghi, 2017; Sonkusre & Cameotra, 2015;
Srivastava & Mukhopadhyay, 2015), and intoxication
processes (Trabelsi et al., 2013). Many types of bacteria
are able to convert inorganic selenium to nanoparticle
form, and various bacterial species especially probiotic
bacteria have been employed by different authors (Cruz
et al., 2018; Fesharaki et al., 2010; Kora & Rastogi,
2017; Lampis et al., 2014). We already developed and
patented a technology to produce nano-size (100-500
nm) elemental selenium by using probiotic bacteria in
a fermentation procedure. The technique is the first to
use Lactic acid bacteria and other probiotic bacteria
(Species of Lactobacillus and Bifidobacteria,
Streptococcus thermophilus) to form the product,
selenium nanospheres. The main advantage of the
process makes possible the production of uniform
nanospheres in a specific size of 50-500 nanometers
(with 5-20% standard deviation) in diameter depending
on the species used for the fermentation (Prokisch &
Zommara, 2011). In this time, we tested a chemical
method for the synthesis of selenium nanoparticle.
Basically, chemical transformation is widely used
technique for the production of the nanoparticle,
especially the reduction methods (Horikoshi &
Serpone, 2013). Various biocompatible reducing
agents such as L-cysteine (Li et al., 2010), D-fructose
(Vieiraetal., 2017), glucose (Chen et al., 2011), lactose
(Cavalu et al., 2018), gallic acid (Stacey et al., 2013),
ascorbic acid (Ashwini et al., 2019), etc. have been
employed in the synthesis of selenium nanoparticles
with various size and shape. In this study, we used
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ascorbic acid as a reducing agent. L-ascorbic acid is
a vitamin C participating in several biochemical
reactions and is a naturally available antioxidant. Its
antioxidant effect is one of the best-known biological
functions. It plays role in the repair of tissue and the
enzymatic production of certain neurotransmitters
and the immune system. Also, it has high water
solubility, biodegradability, and low toxicity (Sun et
al., 2009). Therefore, it has been used to the
bioconversion of nanoparticles such as gold (Sun et
al., 2009), silver (Qin et al., 2010), and selenium
(Gangadoo et al., 2017).
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Coating of Selenium nanoparticles

Freshly prepared selenium nanoparticles coated on
the inner surface of the PVC tube and silicone tube at
room temperature by using a peristaltic pump (Dr.
Aliment Ltd, Kecskemét, Hungary) with 95 rpm for
30 minutes, and the colour of tubes changes from
colourless to red colour.

Characterization

The colour-changing of the mixed solution of
sodium selenite and ascorbic acid was tested by
UV/VIS spectroscopy. The light absorption (light
dispersion) was measured using Perkin EImer Lambda
2S double beam UV/VIS spectrophotometer on 400
nm at room temperature with 1 cm path-length quartz
cuvette. Distilled water was used as a blank. With this
method practically we measured the turbidimetric
signal because the signal originated from the light
scattering of solid particles, not from the light
absorption. The initial solutions (selenite and ascorbic
acid) have no absorption at 400 nm, but the forming
nanoparticles scattered the light and it can cause
intensity decreasing.

The particle size and distribution of the produced
selenium nanoparticles were measured by dynamic
light scattering using a Malvern Mastersizer 2000
particle size analyser that works by using the optical
bench to capture the actual scattering pattern form a
field of particles. Finally, it calculates the size of
particles that created the pattern.

XRD patterns of the nanoparticles were recorded
with a SuperNova X-ray diffractometer (Rigaku
Corporation, Tokyo, Japan) using a Cu Ka source
(A=0.15406 nm). The surface morphology and
composition analysed by Hitachi S-4300 Scanning
electron microscope (SEM) and Energy-dispersive X-

36

—_— 2

MATERIALS AND METHODS

Preparation of selenium nanoparticles

A modified chemical reduction method was used. A
stock of a 25 mg dm to 500 mg dm sodium selenite
solutionand 1 g dm, 5 g dm3, and 10 g dm ascorbic
acid solution was prepared before 2 hours of the
experiment. Sodium selenite and ascorbic acid
solutions were mixed in a 1 to 1 volume ratio from
stock solutions in the plastic tube at room temperature
for 60 minutes. The mixtures were allowed to react with
each other in the concentrated form until a colour
change was observed from colourless to red colour.

The chemical reaction of the formation of
nanoparticles (Se°) is the following:

HO

-]
Heasly

(+]

o+ Se” +3 H,O

o =]

CeH:O;

Detrdroascomtic aod

ray (EDS) analysis. PVC and silicone tube coated with
selenium nanoparticles were rinsed by distilled water
and dried at room temperature. Then small pieces
were used to check the morphology, and thickness of
the nanolayer.

RESULTS AND DISCUSSION

The reduction of sodium selenite was clearly
confirmed through observation with the naked eye.
The colour and hydrogen ion concentration (pH) of
the reaction was changed caused by concentrations of
the selenium and ascorbic acid, and reaction time.
Especially, the colour of the reaction within
10 g dm- ascorbic acid and 500 mg dm selenium was
significantly changed from colourless to a red solution
than other concentrations (Figure 1). It was obviously
correlated to pH and this colour demonstrated reaction
progression. The reduction process was faster in
acidic  environment  (pH<7.0)  with  higher
concentration of ascorbic acid. Mostly, the red colour
is linked to amorphous spheres (Hageman et al.,
2017). Ascorbic acid is often preferred as reducing
agent due to its biocompatibility and low toxicity in
the body compared to other reducing agents (Sun et
al., 2009).

The most easily observed property of
nanoparticles is their change in colour with different
sizes as very often this colour is different in
transparent and reflected light (Figure 2). So as the
size changes, the colour of the particles formed will
also change; scattering and absorption in the visible
region of the spectrum. Thus, light scattering is the
most basic technique for the identification and
characterization of nanoparticles.
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Figure 1. The colour changes in the first 60 minutes of the reaction between sodium selenite and ascorbic acid at different
selenite concentrations

250 mg dm Se and 10 g dm* ascorbic adid

Figure 2.

Red elemental selenium nanoparticles in transparent and reflected light

The UV/VIS absorption signal what is originated
from the light scattering is shown at 400 nm in Figure
3. The absorption changing by time shows the rate of
reaction, the formation of particles. Some study
reported that an absorption maximum at 390 nm
(Sonametal., 2014), 395 nm (Prasad et al., 2013), 381—
399 nm (Alam et al., 2019), 400 nm (Vyas & Rana,
2018), 200-400 nm (Ramamurthy et al., 2013), and 420
nm (Sowndarya et al., 2017) were due to the formation
of selenium nanoparticles by ascorbic acid, lemon
extract, Psidium guajava, Allium sativum, fenugreek
extract and Clausena dentate, respectively. Various
reports have verified that the resonance peak of
nanoparticles appears around this region, but the
accurate position depends on several factors such as
particle's size, shape, and material composition, as well
as the local environment (Joshi et al., 2008). The
reduction rate of 10 g dm™ ascorbic acid for each
concentration of the sodium selenite was significantly
higher than 1 g dm™ and 5 g dm™ ascorbic acid. For
concentrations of sodium selenite, the absorption of

o 0
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500 mg dm solution increased dramatically until 30
minutes of the reaction periods. In other words,
solutions of 500 mg dm sodium selenite and 10 g dm"
3 ascorbic acid were appropriate to form the selenium
nanoparticles. This may be the least suitable ratio for
the synthesis of selenium nanoparticle liquid form
because higher ratio, higher concentration of sodium
selenite  may cause precipitation.  Different
concentrations of sodium selenite as selenium
precursor with lactose (Cavalu et al., 2018), L-cysteine
(Li et al., 2010), and ascorbic acid (Ashwini et al.,
2019; Sonam Malhotra et al., 2014) as a reducing agent
have been used for the synthesis of selenium
nanoparticle.

X-ray diffraction analysis of the synthesized
selenium nanoparticles was shown in Figure 4. The
XRD pattern of the red selenium sample was noisy and
broader with no sharp. Thus, the data indicates the
amorphous nature of the particles which is red in
colour. These results are in agreement with other
studies carried on chemical synthesis of selenium
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nanoparticles using reducing agents L-cysteine (Li et
al., 2010), glucose (Chen et al., 2011), and D-fructose
(Vieira et al., 2017). Also, these results were observed

in biological synthesized selenium nanoparticles using
bacterial strains Pseudomonas alcaliphila (Zhang et al.,
2011), and Capsicum annuum extract (Li et al., 2007).

Figure 3. Reaction rate of selenium particles formation by using different concentration of selenite solutions (25-500 mg dm®)
measured at 400 nm. The ascorbic acid concentration was 10 g dm
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100 mg dm™ 150 mg dm*

=+ 500 mg dm*

Time (min)

Figure 4. XRD pattern of the synthesized selenium nanoparticles by the reaction of 500 mg dm sodium selenite with 10 g dm
ascorbic acid

Intensity (a.w)

2Theta(degree)

The particle size distribution of selenium
nanoparticles produced by 500 mg dm-3 sodium selenite
with 10 g dm?® ascorbic acid measured that
nanoparticles having a size range of 50 nm to 100 um.
The colour change corresponds with the redshift in the
absorbance peak that occurs when the amorphous
nanospheres particle size increase from 0-18 nm to
220-240 nm (Lin & Chris 2005). It indicated that
smaller particles readily interact with each other to
form larger particle sizes (Xiong & Xia, 2007). We
noticed an interesting phenomenon at the particle size
measurement: the inner surface colour of the silicone
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tube (what is used for the circulation of the sample
between the cuvette and sample holder) changed to red.
So we decided to study the forming selenium layers on
PVC and silicone tubes. These types of tubes are the
most common plastic tubes in medicine, like infusion
sets and others. We consider the biological effects of
this selenium coating is worth to study in the future. In
a liquid the selenium nanoparticles can aggregate to a
large extent as it was noticed in the particle size
analysis. Over time, the size of the aggregates grew,
finally reached the 100 pm in size (Figure 5).
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Figure 5. The change of particle size distribution of selenium nanoparticles measured by a particle size analyzer after the
preparation. It shows the nano size selenium particles agglomerate in time. The different measurements were made after 10,
20 and 30 minutes of mixing ascorbic acid and selenite with continuous stirring

According to the experiments, we can summarize
the simple production method of creating a nano
selenium layer inside the silicone tube surface. The
nanolayer can be made by circulating the freshly
prepared selenium nanosuspension with a peristaltic
pump with a speed of 1-10 mL/min or 95 rpm (Figure
6). After the stabilization of the red colour, it can be
washed by distilled water.

The size and morphology of selenium nanoparticles
(top-down) and thickness of nanolayer (cross section)
were identified by scanning electron microscopic
techniques. Also, Energy-dispersive X-ray spectra
(EDS) were used to confirm the chemistry of the
selenium nanoparticles. SEM images with EDS
indicated the coating density of PVC and silicone
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covered with selenium nanoparticles. In results, EDS
spectrum indicated that selenium peaks were detected
in both tubes coated with selenium nanoparticles,
which confirmed that the nanoparticles were in fact
elemental selenium. The size of the produced particles
indicated range about 100—200 nm, but these individual
particles attached to each other and make 2 pm size
aggregate spheres on the PVC surface (Figure 7b and
Figure 8b). The silicone surface was coated with a large
amount of selenium nanoparticles. Also, these
nanoparticles were well distributed on the silicone
surface and covered almost all parts of the surface
(Figure 7a). The silicone surface is covered with a
selenium nanolayer of about 16 um thickness (Figure
8a).
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Figure 6. Coating of silicone and PVC tube with red selenium nanoparticles by using a circulation of selenium suspension with
a peristaltic pump

Figure 7. SEM images and X-ray spectra of selenium nanoparticles on the inner surface of silicone (a) and PVC (b). Elemental
selenium (Se) peaks are detected in PVVC and silicone surface coated with selenium nanoparticles. Peaks of chlorine (CI) and
silica (Si) present are from the PVC and silicone substrate; peaks of gold (Au) present are from the sputter-coating process
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CONCLUSIONS

The synthesis of selenium nanoparticles was
performed by the green chemistry route, using sodium
selenite as selenium compound and ascorbic acid as a
reducing agent in a bottom-up design synthesis
approach. The proposed method is a simple, rapid,
inexpensive, and one-step preparation for the
fabrication of selenium nanoparticles suitable for
biological applications such as food and feed
supplements. We coated selenium nanolayer of about
16 pum thickness on the silicone surface. The developed
method is a simple, effective, and fast. The selenium
coated silicone should be studied for the application of
medical tools and tubes. The selenium coated tubes
could be good for selenium supplementation of animals

if this tube is inserted to the water system. The selenium
will be released slowly from the surface of the tube by
reduction or oxidation of elemental selenium to
selenide or selenite.
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