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SUMMARY

In this study, graphene oxide (GO)-TiO, nanotubes (TNTs)-silver nanoparticles (AgNPs) nanocomposites

were synthesized under y-ray irradiation at different doses (5, 10, 15, 20 and 25 kGy) from formerly synthesized
GO, TNTs and AgNPs. They were then characterized by Fourier-transformed infrared (FTIR) and ultra-violet-
visible (UV-Vis) spectroscopies, as well as by scanning electron (SEM) and transmission electron (TEM)
microscopes. The spectral data indicated the assemblage of silver nanoparticles on both GO sheets and TiO,
nanotubes, as well as the assemblage of TiO, nanotubes on GO sheets. In addition, their antibacterial activity
against Escherichia coli and post-harvest preservation were investigated. Fresh bunches of green grapes were
used for this study. AATCC 100-2012 and ISO 21527-1:2008 standards were used for all experiments. The
obtained results indicated that all nanocomposite samples exhibited very high antibacterial activity against E.
coli. Among which, the 20 kGy sample showed the highest value. Moreover, two samples (5 kGy and 25 kGy)
possessed the lower number of yeasts and molds than that of control sample, indicating that the nanocomposites
had partial contribution to the preservation of post-harvest crops. We have also found in this study that the dose
range affected the antibacterial activity and preservation; and the highest dose range, however, was not always
ideal for that purpose. With such fascinating properties, GO-TNTs-AgNPs will be the promising material for

antibacterial and agricultural applications.
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INTRODUCTION

Graphene oxide (GO), with the sheet structure
assembled with oxygen-bearing functional groups,
has been known for more than fifty years (Hummers
et. al., 1958). It has, however, never been obsolete for
scientific studies, thanks to the outstanding
mechanical strength, electrical and thermal
conductivities, molecules barrier properties and other
remarkable abilities (Cui et. al., 2016; Smith et. al.,
2019). The release of ROS (reactive oxygen species)
of GO is the descent of its capability of interacting
with many types of chemical and biological
molecules such as DNA or RNA. Bykkam et. al.
(2013) demonstrated that GO, in nanoparticles form,
exhibited very good antibacterial activity against
Klebsiella pneumoniae and Staphylococcus aureus. In

addition, Gupta et. al. (2015) reported that GO binds
with lipopolysaccharides in the cell surface of
bacteria through exogenous oxygenated functional
groups to form hydroxyl bonds. These results
indicated the potential of GO as an antibacterial
material.

Titanium dioxide (TiO,), especially TiO,
nanotubes (TNTs), has been widely known as among
the best photo-catalysts for contamination treatments
and solar energy harvesting. Moreover, this material,
comparing with nanoparticles, possess higher specific
surface area, with orderly one-dimensional structure,
hence their spectacular photocatalytic activity.
According to Kunrath ef. al. (2019), TNTs are
friendly to organisms and they show relatively good
antibacterial activity, which can be enhanced by
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combining with other metal particles. The mechanism
antibacterial activity of TNTs’ was explained by Li et.
al. (2019) as two routes: the endurance and
subsequent spillage of bacteria’s membrane into the
TiO, nanotubes, and the subsidence of water from
bacteria’s membrane, resulting in their contraction
and death.

Beside fascinating physical and chemical
properties, silver nanoparticles (AgNPs), especially in
the size range of 10 to 100 nm (Selim et. al., 2018),
exhibit strong antibacterial activity, hence their wide
application being an effective bactericide. They are
capable of reacting with sulfur-containing amino
acids, inside or outside the cell membrane, and
affecting the cell viability. In addition, silver ions
(Ag") released from AgNPs can interact with
phosphorous moieties in DNA molecules, leading to
the inactivation of DNA replication and malfunction
of proteins.

With all fascinating properties of GO, TNTs and
AgNPs themselves, in this study, we have synthesized
the GO-TNTs-AgNPs nanocomposite and evaluated
its antibacterial activity for the potential of usage in
crops post-harvest preservation.

MATERIALS AND METHODS

Graphite powder was purchased from ACROS
ORGANICS (Germany), silver nitrate (AgNO3),
nitric acid 65 % and TiO, anatase nanopowder were
purchased from MERCK (Germany). All other
chemicals were in analytical pure grade and deionized
water was used throughout the work. GO were
synthesized using the method published by Marcano
et. al. (2010), using graphite powder as precursor and
potassium  permanganate as oxidizer. Silver
nanoparticles (AgNPs) were synthesized using the
method published by Aherne er. al. (2008), with
polyethylene glycol (PEG) as the substitute for
poly(sodium  styrenesulfonate) (PSSS). TiO,
nanotubes (TNTs) were synthesized based on the
method published by Zavala et. al. (2017), using TiO,
anatase nanopowder as titania precursor.

After that, GO and TNTs were dispersed
separately in a PEG 0.5 g.L”' solution by sonication
for 30 minutes and then mixed with each other. The
mixture was then joined by AgNPs solution followed
by another 30 minutes of sonication. The GO-AgNPs-
TNTs mixtures were then v-irradiated by the
COBALT-60/B irradiator, at the dose range of 5, 10,
15, 20 and 25 kGy. The products were labeled 5, 10,
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15, 20 and 25 kGy, respectively.

All nanocomposite samples were characterized
by Fourier-transformed infrared (FTIR) and ultra
violet-visible (UV-Vis) spectroscopies, on a
PerkinElmer MIR/NIR Frontier spectrometer for
FTIR and UV-1800 (Shimadzu, Japan) spectrometer
for UV-Vis. For the SEM and TEM imaging, a FE
SEM S-4800 microscope (Hitachi, Japan) and a JEOL
JEM-1400 (JEOL, USA) were used.

For antibacterial activity investigation, all
experiments were conducted at the Laboratory of
Animals Biotechnology — Faculty of Biology and
Biotechnology — University of Science — VNU-HCM,
following the AATCC 100-2012: Antibacterial
Finishes on Textile Material standard. The procedure
was repeated three times for all samples. The
antibacterial percent (R) was then determined for all
samples following the formula as following:

R= [(B-A)/B] x 100%

Whereas A is the total number of E. coli colonies
in nanocomposite samples from three times of
repetition and B is that of the control sample

For the investigation the role of nanocomposites
on post-harvest preservation, 2 mg of all
nanocomposites were completely dispersed in
appropriate amount of deionized water and sprayed
on the crop surface. Bunches of fresh green grapes
(White Malaga variety, originated from Thailand)
were picked up from different places in the field, in
Ninh Thuan Province, Vietnam. After discarding
bruised ones, grapes were washed, dried and
preserved under ambient condition and one week later
they were tested for presence of yeast
(Saccharomyces cerevisiae) and mold (Botrytis
cinerea), following the ISO 21527-1:2008 standard.
The experiments were conducted at the TSL Testing
Center, Ho Chi Minh City.

RESULTS AND DISSCUSSION

Nanocomposites characterization

After being irradiated by y-ray with different
doses, all nanocomposite solutions were obtained as
dark brown solution (Figure 1).

In the FTIR spectra (Figure 2), it could be
observed as a broad peak at ~3400 cm™ for the
hydroxyl (O—H) group; a strong peak at ~1700 cm’
for the carbonyl (C=0) groups and Ti—O bonds
(Manalu et. al., 2018), as well as weak signals of C—
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O single bonds (carboxy, alkoxy and epoxy) and C=C
bonds from 1000 to 1400 cm™. These signals were
typical for GO and TNTs, comparing to those of bare
materials. Noticeably, the signals at ~3400 cm™ and
~1700 cm™ were also present in bare AgNPs sample.
These signals resembled those obtained in the study
of Sharma et. al. (2014) and they were revealed to
belong to the organic media of AgNPs solution. In our
case, it can be inferred that the signal at ~3400 cm’
belonged to the hydroxyl groups of both water and
PEG molecules, while the other one at ~1700 cm™
belonged to the carbonyl groups formed by the change
of PEG molecules after exposing to y-irradiation.

Moreover, in all irradiated samples, a broad peak in
the range of 800-400 cm™ was also present,
resembling that of bare AgNPs. According to
Alsharaeh et. al. (2017), there were similarities in the
obtained nanocomposites’ spectra, indicating that this
broad peak was the signal of Ti—O—Ti stretching and
Ag—0 bond. The lattice vibration signal of TiO, at
~1400 cm™ became absent in the nanocomposite
samples, hence the possible interaction between Ag
and TiO, (Alsharaeh et. al. (2017)). The higher the
irradiation dose was, the stronger effect they exhibited
towards interaction between GO, AgNPs and TNTs,
hence the stronger signals obtained.

Figure 1. Irradiated nanocomposite solution at the dose of 5 kGy (A); 10 kGy (B); 15 kGy (C

); 20 kGy (D); and 25 kGy (E)
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Figure 2. FTIR spectra of nanocomposite samples at the dose of 5 kGy (A); 10 kGy (B); 15 kGy (C); 20 kGy (D); and 25
kGy (E), compared with that of AgNPs (F); TNTs (G); and GO (H).
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Figure 3. UV-Vis adsorption spectra of nanocomposite samples at the dose of 5 kGy; 10 kGy; 15 kGy; 20 kGy; and 25 kGy,
compared with that of AQNPs; TNTs; and GO.

GO sheet

Figure 4. SEM images of nanocomposite samples at the dose of 5 kGy; 10 kGy; 15 kGy; 20 kGy; and 25 kGy, with indicated
GO, AgNPs, and TNTs components.
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Figure 5. TEM images of nanocomposite samples at the dose of 5 kGy; 10 kGy; 15 kGy; 20 kGy; and 25 kGy, with indicated

GO, AgNPs, and TNTs components.

The UV-Vis adsorption spectra (Figure 3)
indicated that the UV-Vis adsorption properties of
nanocomposites and bare materials were different,
which reinforced our prediction that under y-ray
irradiation, there were bindings formed between GO,
AgNPs and TNTs. In details, the adsorption peak of
GO (at ~ 240 nm) disappeared in the nanocomposites,
of which possible cause is the attachment of AgNPs
and TNTs on GO’s surface (Chen et. al., 2016).
Secondly, it was obvious that the higher the dose was,
the weaker the AgNPs adsorption peak (at ~ 400 nm)
was. This result could be explained that at high doses
of y-irradiation, PEG molecules were degraded and
lost the protective effect on silver nanoparticles,
caused them to aggregate and form larger particles,
with different UV-Vis adsorption properties. Similar
trend was observed in the study of Chen et. al. (2007).
The signal of TNTs at ~ 270 nm became stronger as
the irradiation dose augmented, due to the higher
crystallization of TiO, nanotubes under vy-ray
exposure. Together with obtained FTIR spectra, these
results indicated that GO, AgNPs and TNTs actually

interacted with each other to form the nanocomposite
products under y-ray irradiation.

Figure 4 and 5 displayed the SEM and TEM
images of GO-AgNPs-TNTs nanocomposite
materials. Except the highest dose (25 kGy), GO,
TNTs and AgNPs could be observed in the SEM
images, with the TNTs distributed on the GO sheets
and loaded by AgNPs. Some of AgNPs were
assembled directly on the GO’s surface. The absence
of AgNPs in the image of the 25 kGy sample was due
to the agglomeration of AgNPs under high irradiation
dose, making them more difficult to be observed.
These SEM images demonstrated the successful
synthesis of GO-TNTs-AgNPs nanocomposites.
Similar trend was observed clearly on TEM images,
with TNTs distributed and covered by layers of GO
sheets, as well as AgNPs assemblage on the GO’s
surface and TiO, nanotubes. The image of 20 kGy
sample also showed the agglomeration of AgNPs
under high irradiation dose, with larger particles than
other samples.
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Antibacterial activity investigation

Figure 6 is the images of E. coli colonies after
culturing with the presence of nanocomposites,
together with the control sample. It was obvious that
there were very few E. coli colonies present in all
nanocomposites, comparing with the control sample,
indicating the very high antibacterial activity.

The R value of nanocomposites were shown in
Table 1.

Results in Table 1 indicated that all nanocomposite
samples exhibited antibacterial activity against E. coli,
among which the highest value belongs to the 20 kGy
sample. Moreover, it can be inferred from these values
that the highest irradiation dose does not mean the
highest antibacterial activity. From the irradiation dose
of 5 kGy to 15 kGy, the higher the dose was, the lower

Table 1. Antibacterial percent (R) values of nanocomposites.

Nguyen Thi Phuong Anh et al.

the R value was, which was contradictory to the dose
of 20 kGy. The tendency was similar from the dose of
20 kGy and 25 kGy. This variation can be explained as
following: from 5 kGy to 15 kGy, the higher the dose
was, the stronger the TiO, nanotubes crystallization
and silver nanoparticles agglomeration was; this,
therefore, diminish the number of reactive locations on
both TNTs and GO, hence the decrease in antibacterial
activity. At the dose of 20 kGy, which is high enough
for breaking some bonds between GO, AgNPs and
TNTs, some silver nanoparticles released, leaving new
reactive locations on the surface of TNTs and GO and
increasing the antibacterial activity. As the dose
augmented from 20 to 25 kGy, the promotion of
remaining TNTs crystallization and AgNPs
agglomeration continued, resulted in the diminution of
antibacterial activity.

Sample E. coli colonies A

B R (%)

0

5 kGy 3 5

- 99.33+0.20

10 kGy 5 11

- 98.53 £ 0.15

15 kGy 8 22

- 97.07 £ 0.08

20 kGy 1 1

- 99.87 £ 0.08

25 kGy 1 3

- 99.60 + 0.02

250 -

Control 250 -

750 -

250 -
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Figure 6. Images of E. coli colonies in nanocomposite samples at the dose of 5 kGy (A); 10 kGy (B); 15 kGy (C); 20 kGy

(D); 25 kGy €; and control sample (F).

Crops post-harvest preservation investigation

The enumeration of yeasts and molds of all
samples after being treated with nanocomposite
samples and one week of preservation under ambient
conditions were shown in Table 2.

Results in Table 2 showed that only two
nanocomposites-treated grape bunches possessed
lower yeast and mold spores number than that of
the control sample, and the sample whose

antibacterial activity was the highest (the 20 kGy
sample) was not the one with the lowest number of
yeast and mold spores. Our explanation for these
results  was  that the  GO-AgNPs-TNTs
nanocomposites exhibited different activity against
fungi species from E. coli, of which cause is the
difference in the binding manner between GO,
AgNPs and TNTs. In addition, the augmentation in
irradiation dose does not lead to the increase in
inhibiting ability of nanocomposites.

Table 2. Enumeration of yeasts and molds in grape bunches (control and nanocomposites-treated samples).

Sample Number of yeast and mold spores (CFU.g'1)
5 kGy (1.4 +0.38) x 10°

10 kGy (8.7+0.11)x 10*

15 kGy (3.4 £0.13)x 10

20 kGy (2.0 £0.10) x 10°*

25 kGy (2.2+0.29)x 10°

Control 6.0x10°

CONCLUSION AgNPs against E. coli was spectacular, and this

In this study, the nanocomposite materials
composed of GO, TNTs and AgNPs was synthesized
by y-irradiation at different doses. The spectral
characterization of these nanocomposites indicated
the attachment of silver nanoparticles on both surface
of GO sheets and TiO, nanotubes, and of TiO, surface
of GO sheets. The antibacterial activity of GO-TNTs-

material possessed a particular contribution to the
preservation of crops under ambient conditions. For
further study, we will focus on the antibacterial
activity of GO-AgNPs-TNTs against other species of
bacteria and fungi, and determine of remaining
nanocomposites on the crops after washing with water
before consumption.
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TONG HQP VAT LIEU TO HQP GRAPHENE OXIDE-ONG NANO TiO,-NANO BAC
BANG PHUONG PHAP CHIEU XA GAMMA DUNG TRONG KHANG KHUAN VA BAO

QUAN NONG SAN SAU THU HOACH

Nguyén Thi Phwong Anh', Pham Thi Thity Loan’, Nguyén Vi Duy Khang', Vé Nguyén Ping Khoa'”?

lVi_én Khoa hoc Vat liéu Ung dung, Vién Han lam Khoa hoc & Cong nghé Viét Nam
’Hoc vién Khoa hoc va Céng nghé, Vién Han lam Khoa hoc & Céng nghé Viét Nam

TOM TAT

Trong nghién ctru nay, vat liéu t6 ‘hop graphene oxide (GO), 6ng nano TiO, (TNTSs) va nano bac (AgNPs)
dugc tong hop bang phuong phap chleu Xa tia y v6i nhimg lidu xa khac nhau (5, 10, 15, 20 va 25 kGy) tir céc
vt liéu thanh phin tuvong ing. Cac miu vt liéu td hop dwoc khao sat tinh chit bing cac phwong phap phd hong
ngoai (FTIR), phd hip thu tir ngoai-kha kién (UV-Vis), anh chup kinh hién vi dién tir quét (SEM) va kinh hién
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vi dién tir truyén qua (TEM). Két qua thu duoc cho thiy cac hat nano bac bam trén ca cac tim GO va éng nano
TiO,, déng thoi cac bng TiO, gin trén bé mit cac tim GO. Bén canh do, hoat tinh khang khudn Escherichia coli
va bao quan nong san sau thu hoach cua vét liéu tb hop ciing da dugc khao sat. Nho xanh dugc st dung lam dbi
tuong khao sat trong nghién ctru nay. Cac thi nghiém déanh gia hoat tinh tudn theo tiéu chuén AATCC 100-2012
va ISO 21527-1:2008. Két qua cho thay tat ca cic miu vat lidu to hop déu thé hién hoat tinh khang khuan E. coli
cao, trong do méu 20 kGy 1a cao nhit. Ngoai ra, chi ¢6 hai mau (5 va 25 kGy) ¢6 téng s6 ndm men, nim méc
thip hon mau déi chimg. Didu nay vira cho thiy vat liéu td hop GO-TNTs-AgNPs c6 tac dong nhit dinh dén qua
trinh bao quan ndng san sau thu hoach, vira cho thiy liéu chiéu xa cao nhat khong phai 14 ly tuong nhat. Véi
nhiing tinh chét tha vi nay, vat liéu hira hen s€ co nhidu ap dung cho muyc dich khang khuan va str dung trong
ndng nghiép.

Twr khéa: Graphene oxide, 5ng nano TiO,, nano bac, Escherichia coli, vt liéu t6 hop, néng sdan sau thu hoach
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