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Abstract. Wheat bran cellulose was extracted and using electrospinning method cellulosic nanofibres with/without
nano-TiO2 and nano-ZnO were prepared. The three morphological samples of wheat bran, wheat bran/TiO2 and wheat
bran/TiO2/ZnO were studied by field-emission scanning electron microscope; the results show the formation of nanofibres. Besides, the results of elemental mapping analysis of samples demonstrate the good distribution of nanoparticles. To
prove the existence of materials on the final nanofibres, Fourier transform infrared and energy-dispersive X-ray were done.
The gained result showed the presence of all cellulosic groups and nanomaterials. After studying the UV blocking of
samples, the results indicate that wheat bran/TiO2/ZnO has an outstanding prevention against the transmission of UV
spectra. In addition, the bactericidal property of samples was investigated with both Gram-positive and Gram-negative
bacteria, Bacillus cereus and Escherichia coli, respectively. The test result shows that wheat bran/TiO2/ZnO has 100%
antibacterial property against both Gram-positive and Gram-negative bacteria.
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Introduction

Cellulose is one of the environmental friendly organic
polymers with the composition of (C6H10O5)n used for fibre
production. Since decade ago, cellulose has gained importance based on its benefits such as biodegradability, functional materials, alkaline resistance, non-toxicity, high
moisture adsorption and renewability. The main source of
cellulose is cotton in textile industry, as well as wheat bran
is another source of cellulose, which is the protective outer
layer of the wheat core, obtained by milling process of
white flour. Approximately one-third of wheat bran is
composed of cellulose, which is used for feeding the beast
or local fuel. Therefore, it is important to reuse the wheat
bran cellulose to produce cellulose fibres at nanometre. The
process of electrospinning contains polymer solution, which
requires charging to overcome the surface tension, forming
a thin layer of web polymer on the surface discharging
polymer solution, which causes the elongation of polymer
and firmed ultra-thin fibre [1–6]. There are many medical
application of electrospinning nanofibres such as wound
dressing [7,8], drug supply and delivery [9], dental refurbishment, as well as in engineering applications [10], such
as filtration and tissue [11]. These fibres have poor
mechanical properties (like Young’s modulus), which can

be enhanced by combining nanomaterials such as carbonaceous nanomaterials [12–15].
Recently, nanomaterials and technology are used for
fabric formation. Using these nanomaterials gives novel
specifications to the final product of textile. A decade ago,
scientists focused on the use of semiconductors (in
nanometre), such as nano-CdS, nano-Fe2O3, nano-TiO2,
nano-Ce and nano-ZnO [16–21].
Nano-zinc oxide among these semiconductors has the
energy bandgap of 3.3 eV, which has utilization such as
ultraviolet persistence, bactericide, photocatalytic activity,
low toxicity, etc. By ultrasonication, nano-zinc oxide sediment on the surface of textile. The ultrasonic energy irradiation can remnant the nanoparticles on fibre surface with
minimum aggregation [22–25]. Nano-titanium dioxide is
another nanoparticle, which has properties such as chemical
stability, self-cleaning, bactericide, electrical conductivity,
UV blocking and nontoxicity [26–35]. The disadvantages of
nano-TiO2, such as the electron-cavity recombination rate,
are high causing low photocatalytic activity [36]. The previous researches have shown that using UV irradiation the
electron–holes of nano-TiO2 were activated leading to high
photocatalytic activity [37].
In this study, the cellulose of wheat bran are extracted;
and by mixing nano-TiO2 and nano-ZnO, the nano-composite was electrospun and its properties were studied.
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2.

Experimental

2.1
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Bactericidal property method and condition of samples
were done via AATCC 100-2004 against both Gram-negative/positive bacteria. This feature was computed by
equation (1) as below:

Materials and devices

The wheat bran was purchased from Nan Avaran Co. (Iran);
ethanol, toluene, sodium chlorite, acetic acid and tri-fluoro
acetic acid were purchased from Merck. The nanopowder of
ZnO and TiO2 were purchased from Sigma Aldrich (the
particle size was \100 nm for both materials).
Soxhlet extractor apparatus model EV6, 230 V, 50–60 Hz
(Germany) and a Euronda ultrasonic bath model Eurosonic
4D, 350 W, 50/60 Hz (Italy) were used. The morphology of
nanofibre and nanomaterials were studied using FESEM
(field-emission scanning electron microscope) (MIRA3TESCAN). We used Perkin Elmer Lambda UV–vis spectrophotometer to investigate the UV-blocking properties of
the samples. The Fourier transform infrared (FTIR) spectra
were analysed by BRUKER TENSOR27.

2.2

Method

The wheat bran of 10 g was measured and washed with
distilled water. Milling was carried out to remove any wax
and impurity and washed with ethanol/toluene (2/1 vol%)
for 10 h in a soxhlet extractor device. The solution was later
kept to rest for 24 h at room temperature. Sodium chlorite,
with a controlled pH of about 5 was added with acetic acid
in order to remove the lignin and later for 60 min the
solution was placed in ultrasonic bath. In order to stop the
reaction, distilled water was added to the solution and then
the residual cellulose was washed with ethanol. The
obtained alpha cellulose was dissolved in tri-fluoro acetic
acid. During this process, two samples of nanomaterials:
one with rate of 1 wt% nano-ZnO and 2 wt% nano-TiO2,
and the other 2 wt% nano-TiO2 were sonicated and added
to cellulose solution. The solution was again sonicated for
30 min in ultrasonic bath; the obtained solution was kept in
refrigerator for 2 days. Subsequently, the homogeneous
solution was setup to the electrospinning device through a
syringe (3 ml, with a blunt needle). Then the three samples
were electrospun on surface of aluminium sheet: nanofibres
of wheat bran cellulose, nanofibres of wheat bran cellulose
containing nano-ZnO/TiO2 and nanofibres of wheat bran
cellulose containing nano-TiO2. Table 1 represents the
condition of electrospinning.

Table 1.
Voltage
(kV)
23

Condition of electrospinning.
Feeding
rate
(ml h-1)

Collectorneedle distance
(cm)

Drum
speed
(rpm)

Traverse
speed
(m min-1)

0.5

13

130

0.4

Bacteria reduction ð%Þ ¼

ðA  BÞ
 100
A

ð1Þ

wherein A and B are the bacteria recuperate digits from the
inseminated finished experiment sample, incubated after 1
day and directly after insemination, respectively.

3.
3.1

Results and discussion
FESEM, EDX and elemental mapping analysis

The morphology of electrospun wheat bran nanofibres were
studied by FESEM. The FESEM was done at 15 kV with
magnification of 100 and 250 kx. Figure 1a shows the electrospun wheat bran cellulose containing nanomaterials (ZnO/
TiO2). It shows approximately 80 nm diameter of cellulose
fibres. In addition, the distribution of nanomaterials is clearly
observed without any aggregation or agglomeration. On the
other hand, another FESEM image was taken at magnification
of 250 kx for better investigation (figure 1b). This image
demonstrate the particle size of about 20 nm loaded nanomaterials. This proves the appropriate method and condition for
preparing solution and electrospinning.
In order to demonstrate and prove the distribution of nanoZnO and nano-TiO2 particles of electrospun wheat bran
nanofibres, elemental mapping analysis was implemented.
Figure 2 shows the nano-ZnO and TiO2 particles distribution
along the fibres. In addition, the EDX of nano-composite
sample shows the significant amount of nano-ZnO and TiO2,
indicating the presence of nanoparticles on the fibres surface
(figure 3).
3.2

FTIR analysis

The chemical structure of the samples were analysed by
FTIR and presented in figure 4. The peaks observed at 3519
and 3216 cm–1 refer to hydroxyl group of cellulose, whereas
the C–H band of cellulose is determined at 2809 cm–1.
Some small peaks are observed at 1127, 1152 and 1104
cm–1, which refer to cellulose functional groups. The two
spectra of wheat bran cellulose/TiO2 and wheat bran cellulose/ZnO/TiO2 display the absorbance peak at 713 cm–1,
which is due to the presence of Ti–O band. The difference
of these two spectra is the absorbance peak at 483 cm–1,
which corresponds to the Zn–O band.

3.3

UV blocking analysis

The ultraviolet transmission diagram of electrospun wheat
bran cellulose nanofibre and electrospun wheat bran

Bull. Mater. Sci. (2021)44:89

Figure 1.

Figure 2.
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FESEM of wheat bran cellulose/ZnO/TiO2.

Elemental mapping analysis of electrospun wheat bran cellulose/ZnO/TiO2.

cellulose nanofibres containing the nano-ZnO/TiO2 is
illustrated in figure 5. The irradiation wavelength was
200–400 nm. The UV blocking of cotton fibre and cotton/
TiO2 has been studied previously and shown in figure 5.
These two spectra was added just in order to compare cotton
and wheat bran (both cellulosic fibre), so the two spectra of
‘cotton cellulose’ and ‘cotton cellulose/TiO2’ belong to the
previous study [38].
As it indicates, the electrospun wheat bran cellulose
nanofibre without any nanomaterial (blank sample) has
higher transmittance in comparison to those containing
nano-ZnO and TiO2. In other words, ultraviolet protection
of blank sample is low. Moreover, the UV-blocking activity
of the electrospun wheat bran cellulose fibre is improved by
the presence of nanomaterials. By comparing wheat bran
cellulose/ZnO and wheat bran cellulose ZnO/TiO2, doping
nano-ZnO to TiO2 causes better protection against UV
spectra, which is due to the synergetic UV absorption of
nano-ZnO.

Also, the spectrums show that the UV blocking of wheat
bran cellulose has been better than cotton cellulose. In order
to justify, it must be mentioned that cotton has many
impurities such as wax, etc., but in this study only the alpha
cellulose of wheat bran are extracted. Consequently, as the
wheat bran is the byproduct and cost effective, using this
would be a better replacement of cotton.

3.4

Bactericidal study

Bacillus cereus and Escherichia coli are two common
Gram-positive and Gram-negative bacteria. B. cereus is a
rod-shaped bacteria found abundantly in food and soil and
can cause syndrome such as nausea, diarrhea and vomiting
[39]. On the other hand, the Gram-negative bacteria E. coli
can cause gastroenteritis, urinary tract infections, neonatal
meningitis, hemorrhagic colitis and Crohn’s diseases [40].
Some nanomaterial particles have unique characteristics
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Figure 3.

EDX of electrospun wheat bran cellulose/ZnO/TiO2.

Figure 4.

FTIR diagram of electrospun samples.

(photocatalytic activity, antibacterial effect and medicinal
biocompatible), such as nano-ZnO and nano-TiO2
[21,41,42]. This research investigate the behaviour of the
three electrospun samples, which were exposed to these two
bacteria. The results show that the samples containing
nanomaterials have bactericidal effect against both bacteria,
while the blank sample has no antibacterial reaction. It can
be explained that the positive ions of Ti and Zn (Ti?, Zn2?)

can react with negative segments of bacteria cell, leading to
the loss of bacteria. On the other hand, nanoparticles have
the ability to pass hydrogen peroxide into the bacteria cell
membranes to cause the stop of bacteria cells reproduction
[43]. As observed in figure 6, the bactericidal-treated sample with nano-TiO2 is about 85%, while doping nano-ZnO
the anti-bacterial property of wheat bran cellulose nanofibre
increases up to 100% exceptionally. With close observation,
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UV transmittance diagram of electrospun samples.
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Figure 6.

Bactericidal diagram of electrospun samples.

it demonstrates that the bactericidal of same samples against
various bacteria (Gram positive and negative) are different.
Explanation to this phenomenon is the difference in the
thicknesses of the bacteria cell walls. B. cereus has thicker
cell wall, so that the bactericidal of treated wheat bran
cellulose against B. cereus is lower than E. coli.

4.

E.coli

Conclusion

In this study, based on specified condition the cellulose of
wheat bran was extracted and through electrospinning the
nanofibres of wheat bran was produced. The samples were
obtained with nano-TiO2 and nano-TiO2/ZnO. The
FESEM images of samples showed excellent formation of

nanofibres and good distribution of nanoparticles. Also,
elemental mapping analysis of samples proved this distribution without any aggregation or agglomeration; it was
confirmed as well by EDX and FTIR analysis. One of the
benefits of producing these nanofibres is the UV-blocking
property, besides the cost effectiveness of wheat bran. The
results showed that UV blocking of wheat bran/TiO2/ZnO
is more than the other samples, as well more than the
treated cotton sample, which was done in previous work.
On the other hand, bactericidal property of samples was
investigated with Gram-positive and Gram-negative bacteria, B. cereus and E. coli. The results indicate that
nanofibres of wheat bran/TiO2/ZnO have 100% antibacterial property against Gram-positive and Gram-negative
bacteria.
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190
[35] Khan M Z, Ashraf M, Hussain T, Rehman A, Malik M M
and Raza Z A 2015 Fib. Polym. 16 1092
[36] Zyoud A H, Zaatar N, Saadeddin I, Ali C, Park D and
Campet G 2010 J. Hazard. Mater. 173 31
[37] Karimi L and Zohoori S 2013 J. Nanostruct. Chem. 3
32
[38] Derakhshan S J, Karimi L, Zohoori S, Davodiroknabadi A
and Lessani L 2018 Ind. J. Fib. Text. Res. 43 344
[39] Al-Khatib M S, Khyami-Horani H, Badran E and Shehabi
A A 2007 Diag. Microbiol. Infect. Disease 59 383
[40] Ormsby M J, Johnson S A, Carpena N, Meikle L M, Goldstone R J and McIntosh A 2020 Cell Rep. 30 22975
[41] Wang M, Zhang M, Zhang M, Aizezi M, Zhang Y and Hu J
2019 Carbohydr. Polym. 217 15
[42] Rao K M, Suneetha M, Park G T, Babu A G and Han S S
2020 Int. J. Biol. Macromol. 155 71
[43] Padmavathy N and Vijayaraghavan R 2008 Sci. Technol.
Adv. Mater. 9 035004

