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Abstract

The silver nanoparticles (AgNPs) were prepared via a green synthesis method using guava fruit extract (Gfe) as a reduc-
ing agent and stabilizer. Factors affecting the synthesis such as temperature and Gfe volume were studied. The interactions
between the synthesized AgNPs and Gfe were confirmed by the Fourier-transform infrared (FT-IR) measurement. The
formation of AgNPs, for which the maximum surface plasmon absorption was observed at the wavelength of about 410 nm,
was determined by the Ultraviolet—Visible (UV—Vis) spectroscopy. The transmission electron microscopy (TEM) analysis
showed that the AgNPs had a spherical shape with an average diameter of 6.19 +2.44 nm at room temperature. In addition,
the antibacterial properties of AgNPs against the Escherichia coli (E. coli) bacteria investigated using the disc diffusion
and colony counting methods indicated that the synthesized AgNPs-Gfe inhibited the growth of E. coli with an excellent
antibacterial activity of 99.99% at 5.6 x 10° CFU/ml of the initial E. coli concentration. This antibacterial activity of AgNPs-
Gfe is much better than those of AgNPs—AA, and AgNPs—G (AA: Ascorbic Acid and G: Glucose). The AgNPs covered by
organic compounds (tannin and flavonoid) have a high antioxidant activity and are good for health. These AgNPs-Gfe are,
therefore, good candidates for biomedical applications.
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Introduction

In recent years, silver nanoparticles (AgNPs) have attracted
many studies due to their wide applications in optics (Ajitha
et al. 2016; Fahmy et al. 2019), selective coatings for solar
energy absorption (Asmussen and Vallo 2018), catalysts
(Veisi and Mohammadi 2018), and antibacterial agents (Das
et al. 2020; Barabadi et al. 2021). In particular, the AgNPs
have been popularly applied to antibacterial treatment owing
to their nontoxicity towards human as compared to other
materials (Priya et al. 2020). Numerous strains of bacteria
including Gram-positive (+) and negative (-) bacteria have
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been eliminated using the AgNPs (Pazos-Ortiz et al. 2017;
Farjadian et al. 2020). Regarding the synthesis of AgNPs,
many physical and chemical methods have been used to
synthesize the AgNPs, such as chemical reduction (Gar-
cia et al. 2020), sol-gel (Maharjan et al. 2020), microwave
irradiation (Kaur et al. 2020), etc. among which chemical
method has been widely applied because of its simplicity,
rapidity, and convenience (Yaqoob et al. 2020). However,
the usage of chemicals as reducing agents and stabilizers
like ascorbic acid in the presence of chitosan, polyvinyl pyr-
rolidone (PVP), trisodium citrate (Na;C4Hs0O-), and citric
acid (H;C4H;50;) (Gola et al. 2021) leads to the existence of
a small number of absorbed toxic reagents/precursors and
catalysts that are harmful to human beings and the environ-
ment (Rolim et al. 2019; Singh et al. 2020; Thakur et al.
2022). To overcome these challenges, it is important to
produce the AgNPs by eco-friendly ways, which can easily
yield large quantities of AgNPs without using more energy,
high temperature, toxic substances, etc. (Bapat et al. 2022;
Kamaruzaman et al. 2022). Due to the presence of a vari-
ety of active compounds, many plant extracts including
Annona reticulata leaf (Parthiban et al. 2018), Boerhaavia
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diffusa leaf (Akintelu et al. 2019), Stevia leaf (Laguta et al.
2019), Azadirachta indica and Ocimum sanctum leaves (Pri-
yadarshini et al. 2019), Ziziphus joazeiro leaf (Guimaries
et al. 2020), Carica Papaya fruit (Firdaus et al. 2017), and
orange peel (Skiba and Vorobyova 2019) have been used as
bio-reducing agents in the green synthesis of AgNPs and
the obtained results showed that the plant extracts not only
reduced the metal cations but also stabilized the produced
AgNPs.

Guava, one of the common tropical fruits planted in
various tropical and subtropical areas, whose ascorbic-
acid content (~80-300 mg/100 gr) is higher than that of
orange, lemon, apple, pineapple, etc. (Naseer et al. 2018).
Moreover, guava fruit contains a large number of polyphenol
compounds (tannin and flavonoid), which have high natu-
ral antioxidant activity and are good for health (Cuadrado-
Silva et al. 2017; Naseer et al. 2018). Recently, many reports
have been related to the use of extract from guava to syn-
thesize silver nanoparticles. For example, Lokina et al. used
polyphenols in guava extract act as a reducing as well as a
stabilizing agent to produce AgNPs (Lokina et al. 2015);
or Bose and Chatterjee used guava (Psidium guajava) leaf
extract as the reducing as well as a capping agent to synthe-
size AgNPs (Bose and Chatterjee 2016); or Sougandhi and
Ramanaiah used Psidium guajava leaf extract for the syn-
thesis of AgNPs without any external addition of reducing
agents (Sougandhi and Ramanaiah 2020); or Nguyen et al.
also synthesized AgNPs using Psidium guajava (P. guajava)
leaf extract (Nguyen et al. 2021). Obtained results showed
that guava extract containing much polyphenols can be used
as reducing as well as stabilizing agent in the synthesis of
AgNPs. Notwithstanding, these researches were limited on

Fig. 1 Preparation procedure of guava fruit extract
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the guava leaf extract, while the application of guava fruit
extract (Gfe) as a novel reducing agent and stabilizer for
preparing the AgNPs has not been reported so far.

In this work, we report a new reducing agent extracted
from guava fruit with eco-friendly and non-toxic proper-
ties. The effects of reaction temperature and volume of the
Gfe on the preparation of AgNPs are examined in detail.
Characterizations of AgNPs are determined using UV-Vis
and FT-IR spectroscopies together with scanning electron
microscopy (SEM) and transmission electron microscopy
(TEM) images. Furthermore, antibacterial activities, which
are performed on E. coli bacteria, are investigated using the
colony counting and disc diffusion methods.

Materials and methods
Materials

All the information regarded to the materials as well as ana-
lytical instruments are described in the Supporting Informa-
tion (SI).

Preparation of guava fruit extract

The extraction of guava fruit is illustrated in Fig. 1. Herein,
15 g of guava fruit (focusing on the fruit skin) were col-
lected and cut into small pieces, prior to being thoroughly
washed by tap water (Fig. 1a, b). Guava was then crushed
in 15 mL of deionized water (Fig. 1¢). The extraction was
performed at the room temperature for 10 min (Fig. 1c). In
the next step, the mixture was centrifuged (Fig. 1d) before
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the filtration to collect the guava extract (Fig. le, f). The
obtained liquid was contained in a glass bottle grabbed with
the black plastic bag to prevent the oxidation of ascorbic acid
and was stored at 4 °C for further studies.

Determination of ascorbic acid and other organic
compounds in guava fruit extract

The content of ascorbic acid was calculated following the
redox titration method. Organic compounds such as tannin
and flavonoid were determined according to the reported
procedures with a slight modification. All the information
related to the experiments are described in the SI.

Green synthesis of silver nanoparticles
and comparative materials

The AgNPs were prepared by the green synthesis method
using Gfe as a reducing agent and a stabilizer under moder-
ate time of reaction at different temperatures (5-90 °C) and
volumes (1-5 mL). Briefly, 2.0 mL of NaOH 1 M was slowly
added to 100 mL of aqueous solution AgNO; 107> M and
stirred at 200 rpm for 5 min in the dark at room tempera-
ture. A 0.21 mL of NH; 2.5% was then dropped gradually
to the mixture within 5 min to form [Ag(NH;),(OH)] com-
plex (colorless solution, pH =12.95). Finally, the prepared
extract was added to the above solution, prior to stirring
within approximately 2 h at room temperature to produce
AgNPs—Gfe (pH=12.13). The reduction of Ag* to Ag®
by Gfe was followed by the change of solution color from
colorless and yellow to orange. For the comparison, AgNPs
were prepared in the same condition, but ascorbic acid (AA,
C¢HgOg) and glucose (G, CgH,,0¢) were used as chemical
reducing agents. Full details of the experiments can be found
in the SI. The flowchart for green synthesis of silver nano-
particles solution is shown in Diagram 1 .

Studies for antibacterial properties of synthesized
silver nanoparticles

Antibacterial properties of the synthesized AgNPs-Gfe were
investigated on E. coli bacterium using the disc diffusion

Grinded, centrifuged,
and filtrated

Diagram 1 Flowchart for green
synthesis of silver nanoparticles
solution

method (Ekwealor et al. 2016). First, the mixture of pep-
tone (5 gr), NaCl (5 gr), and agar (20 gr) were dissolved
in 1000 mL of double distilled water, prior to being heated
under stirring conditions to create a homogeneous solution.
This solution was then transferred into conical flasks and
aseptic for further studies. The next step was to prepare the
suspension, which consists of the investigated bacterial cul-
ture (E. coli). To obtain the confluent growth, the bacterial
suspension was roughly equally distributed across the whole
agar area. The dishes were incubated in 24 h at 37 °C and
then AgNPs-Gfe (10 uL) were added to a small circle at their
center. These dishes were stored in 12 h at 10 °C before stud-
ying antibacterial properties of AgNPs-Gfe. The antibacte-
rial activity was determined using the formula: D-d, where
D (mm) is the diameter of the zone containing the inhibitory
and the chemical, while d (mm) is the diameter of the zone
containing the chemical only. The antibacterial capability of
AgNPs-Gfe was also performed using the colony counting
method on the E. coli bacteria (5.6 x 10° CFU/mL) and certi-
fied by the Pasteur Institute, Ho Chi Minh City, Viet Nam.

Results and discussion
Guava fruit extract analyses

Tannin, flavonoid, and ascorbic acid (AA), which are com-
mon reducing components, were found in Gfe. As shown in
Fig. 2a-b, the green/white precipitate confirms the reaction
between Fe**/Pb** ions and Gfe. This reveals the presence of
hydrolysis-tannin groups in the fruit extract (Ejikeme et al.
2014). In addition, the precipitation was not formed in the
reaction between formaldehyde and Gfe as seen in Fig. 2c,
indicating that tannin in Gfe was hydrolyzed (Fraga-Corral
et al. 2020; Aristri et al. 2021). In Fig. 2d, the color of Gfe
changes from colorless to dark yellow when NH; reacts with
Gfe, suggesting that Gfe might contain the flavonoid group.
These results are consistent with those reported previously
(Ejikeme et al. 2014). Furthermore, the formation of the blue
complex of Fe,[Fe(CN)4];/HT (Fe*) and colorless solutions
after the sequent reactions between Gfe and [K;Fe(CN)]
(Fe**), 1,/KI 0.001 N, methylene blue 0.01%, and KMnO,

AgNO,

+NaOH, {
(Stored at 4 °C) NH,OH
Guava fruit N Silver nanoparticles
extract [Ag(NH,),] solution
(pH=12.1)

(Stored in a grown
glass bottle)

\

Stirred for 2 hours at RT
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Fig.2 Qualitative determination procedure of tannin (a—c); flavonoid (d); ascorbic acid (e-h) in guava fruit extract

0.01 M (Fig. 2e—f) indicates the existence of AA in Gfe
(Guntarti and Hutami 2019). Based on titration procedure,
the content of AA is 102.7 mg/100 gr guava, which is in
good agreement with the previous result (Santos et al. 2017).

Factors affecting the green synthesis
of AgNPs

Effect of oxalic acid (OA) and PVA. Figure 3 shows the influ-
ence of OA on the synthesis of AgNPs in the presence of
PVA as a stabilizer and without using PVA. Briefly, when
OA 2% was used as the reducing agent, the samples 1.1S
and 1.2S are colorless, demonstrating that the AgNPs were
not formed. At the same time, the samples 2.1S and 2.2S
are orange, revealing the successful synthesis of AgNPs.
The samples 3.1S and 3.2S without OA are also orange,
indicating the formation of AgNPs (Fig. 3a-b). These results
clearly indicate that the effect of OA on the AgNPs synthe-
sis was negligible. The successful synthesis of AgNPs was
reconfirmed by the UV—Vis spectroscopy, which exhibits
the maximum absorption peak around the wavelength of
400-420 nm causing by the surface plasmon resonance
(SPR). The latter is originated from the oscillation of free
electrons in the metal nanoparticles at the frequency reso-
nated with that of the visible light (Behravan et al. 2018;
Taghizadeh et al. 2019; Guimardes et al. 2020). As can be
seen in Fig. 3c—d, the UV-Vis spectra of 3.1S and 3.2S sam-
ples show a good indication towards their absorbance as
compared to the 1.1S, 1.25, 2.1S and 2.2S samples. Obvi-
ously, the AgNPs were formed via the reactions between Gfe
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and AgNO; without OA and PVA. Based on this observa-
tion, we can conclude that the Gfe can be used as a reducing
agent and stabilizer for the green synthesis of AgNPs.

The morphologies of synthesized AgNPs-Gfe with PVA
as a stabilizer and without PVA shown in Fig. 4a—b exhibit
that the AgNPs-Gfe include nanospheres with diameter
ranging from 20 to 35 nm and nanotriangles with a sharp
edge of 30 nm. A remarkable result is that the AgNPs-Gfe
were clustered when PVA was used as a stabilizer (Fig. 4a),
but the AgNPs-Gfe without PVA were evenly distributed in
the samples (Fig. 4b). These can be explained that although
organic compounds in Gfe can play as protecting agents that
inhibit the agglomeration of AgNPs-Gfe, adding PVA will
make an increase in the concentration of protecting agents,
which leads to the formation of AgNPs-Gfe clusters.

The FT-IR spectra of Gfe and AgNPs-Gfe obtained from
the green synthesis are presented in Fig. 4c. Evidently, the
absorption peaks at 3330, 1750 and 1252 cm™! are related to
stretching bonds of O—H, C=0, and C—OH groups in poly-
phenol compounds (Grasel et al. 2015; Ramesh et al. 2015).
The stretching vibrations of C=C bonds in the aromatic ring
of polyphenol compounds are recorded at the wavenumbers
of 1685 and 1596 cm™! (Grasel et al. 2015), whereas the
wavenumbers of 1502 and 1450 cm™! are associated with
the stretching vibrations of C—C bonds in the aromatic
ring (Grasel et al. 2015). Although the FT-IR spectrum of
AgNPs-Gfe is similar to that of Gfe, there is a significant
decrease in the intensities of the above characteristic peaks.
In particular, the specific peak of C=0 stretching vibration
is shifted from 1750 to 1700 cm™". These results confirmed
that the AgNPs can interact with Gfe via the COO™ group in
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Fig. 3 Effects of oxalic acid on the synthesis of AgNPs in the presence of PVA (a, ¢) and without PVA (b, d)

polyphenol compounds owing to the electrostatic attraction
(Ibrahim et al. 2019; Zhang and Jiang 2020). The proposed
mechanism for the green synthesis of AgNPs using Gfe as
reducing agent and stabilizer is presented in Fig. 5.

It is notable that the Gfe could be oxidized by air, leading
to the formation of a brown solution, similar to the char-
acteristic color of AgNPs. A control sample including a
mixture of Gfe and double distilled water was prepared as
presented in Fig. 4d. It is clear to see that both the control
sample (3.2.0) and AgNPs-Gfe (3.2) have the same orange
color, but there is no typical absorption peak of AgNPs
recorded in the UV—-Vis curve of the control sample. On
the contrary, the maximum absorption peak of AgNPs was
observed at 410 nm in the UV—Vis spectrum of AgNPs-Gfe.
These results reveal that the colors of Gfe and AgNPs are
completely independent.

Effect of volume of fruit extract. The AgNPs-Gfe sam-
ples with different Gfe volumes were labeled by Dc1, Dc2,
Dc3, Dc4, and Dc5, which correspond to the Gfe volumes
in the range of 1-5 mL, respectively. The UV—Vis spectra of
these samples and their absorption intensities are shown in
Fig. 6a-b. As can be seen in Fig. 6a, the wavelengths of the
maximum absorption peak of all samples were recorded at

400 nm, confirming the successful synthesis of AgNPs-Gfe.
However, the formation pathway of AgNPs-Gfe was not con-
sistent with the increase of Gfe volume, because there was
a fluctuation of the absorption intensities seen in Fig. 6b.
For instance, the number of AgNPs-Gfe was increased with
increasing the Gfe volume from 1 to 2 mL, whereas it was
significantly decreased when the Gfe volume is changed
from 3 to 5 mL. This can be explained that adding more Gfe
could lead to a decrease in the solution pH, resulting in an
increase in the reduction potential of CcHyO/C HgOg. As a
result, the reducing ability of AA in Gfe is weaken, which
leads consequently to a decrease in the rate of the reaction
(Sajid et al. 2016).

The effects of the media pH on the stability of the
colloidal AgNPs-Gfe were also examined in the present
study. It was observed that the AgNPs-Gfe were immedi-
ately agglomerated after being synthesized during 10 min
in the acid media (Fig. S2), whereas they were stable
at least 2 weeks in the base media (Figs. S3—S4). The
main reason is that the size of AgNPs in the base media
is smaller than that in the acid one, resulting in the dif-
ficult agglomerations. These results are consistent with

)J;.vJI::.m ol auao @

KACST .6l roglell 2= Springer



3714 Applied Nanoscience (2023) 13:3709-3720

3.0nm

-4800 10.0kV 7.1mm x100k SE(U)

S S S .
— Gfe (©
— AgNPs-Gfe
5 ™S cH c0” 3
© stretch stretch /' { 9
> O-H 84 ¢ con 8
] stretch stretch gyrotch &
< g
E AgNPs interaction with Gfe, §
V\\AW <
{1 " 1 " 1 " 1 " 1 3 " " 1 L 1 L 1 L 1 1
3500 3000 2500 2000 1500 1000 350 400 450 500 550 600
1 Wave length / nm

Wave length / cm™

Fig.4 SEM images of AgNPs-Gfe in the presence of PVA (a) and without PVA (b), FT-IR spectra of Gfe and AgNPs (¢) and UV-Vis spectra of
Gfe and AgNPs (d)

Polyphenol Polyphenol
(enol type) (keto type)
+1le
ﬁl-l" 2e r
75 ¢

E::;iz':::i?' -2 \ e
3% LT AgNps | T

Ascorbic acid Dehydroascorbic acid

Fig.5 Proposed mechanism for the green synthesis of AgNPs using guava fruit extract as reducing agent and stabilizer

Pielae clla)l auao
KACSTa061lg pglell =

Q Springer



Applied Nanoscience (2023) 13:3709-3720

3715

— Dct
——Dc2
——Dc3
—Dc4
——Dc5

Absorbance / a.u.

400 425
Wave length / nm

Absorbance / a.u.

1 1 1 1
450 500
Wave length / nm

1
350 550

Absorbance / a.u.

600

(b)

Dc2

Dc3
Dc4

Dc5

3 4
Volume of guava fruit extract (mL)

> i
<
-

Absorbance / a.u.

—1t5
4
—1t3
—1t2
—t

Absorbance / a.u.

400 425
Wave length / nm

375 450

Absorbance / a.u.

1 1 1
450 500 550
Wave length / nm

1
350 400

600

is(d)

30
Temperature of reaction ("C)

50 70

Fig.6 UV-Vis spectra (a, ¢) and absorption intensities (b, d) of AgNPs at different Gfe volumes (a, b) and temperatures (c, d)

some previous reports (Makwana et al. 2015; Fernando
and Zhou 2019).

Temperature effect. Figure 6¢, d presents the effects of
temperature on the UV-Vis spectra and absorption inten-
sities of AgNPs-Gfe. It is clear that the maximum absorb-
ances of all samples were varied around the wavelength
of 400 nm. Nevertheless, the absorption intensities were
increased with increasing the reaction temperatures. This
means that the more temperature we added, the bigger
size the AgNPs were obtained. This finding is consistent
with the SEM images of AgNPs-Gfe synthesized at 70 °C
and 90 °C (Fig. S5), in which the diameter of AgNPs-Gfe
is within a range of 7-15 nm at the room temperature,
while their particle sizes are increased from 30 to 60 nm
at 70 °C and agglomerated into small clusters at 90 'C.

Antibacterial properties

Figure 7 shows a comparison of the UV-Vis spectra,
TEM images, and particle-size distributions of AgNPs-
Gfe with AgNPs-AA and AgNPs-G. As can be seen in
Fig. 7a, d, g, the maximum absorption wavelengths of
AgNPs-Gfe, AgNPs-AA, and AgNPs-G are 405, 415, and
420 nm, respectively, implying that the sizes of AgNPs-
Gfe are smaller than those of AgNPs-AA and AgNPs-G.
These results are consistent with the TEM images and
particle-size distributions in Fig. 7b—c, 7e—f, h—i. Obvi-
ously, the AgNPs—AA and AgNPs—G are uniformly dis-
persed and have spherical shapes with an average size of
roughly 25-35 nm. At the same time, the AgNPs—Gfe
consist of nanospheres with 6.19 nm in diameter, which
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are smaller than 10 nm and are, thus, good for antimi-
crobial applications (Kumar et al. 2018; Tang and Zheng
2018). Furthermore, the reduction of Ag™ cations into the
AgNPs-Gfe was occurred in a short time and the obtained
AgNPs-Gfe nanospheres had a small size as compared to
that of AgNPs synthesized using different plant sources
(Table 1). For instance, the size of AgNPs obtained within
the present study was 6.19 nm, which was suitable for
the antibacterial applications, while that obtained using
other plant sources varied from 10 to 100 nm. In addition,
our AgNPs were synthesized at a low temperature (room

Pielase clla)l auan .
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temperature) and in a short reaction period (2 h), which are
ideal criteria for the current green-chemistry technology.

The antibacterial capabilities of AgNPs were determined
using the disc diffusion method. As compared to the AgNPs-
AA and AgNPs-G samples, the AgNPs-Gfe had a better
antibacterial potential. Indeed, the size of exhibition zone
was gradually reduced from 16 mm (strong antibacterial sub-
stance) to 11 mm and 6 mm (medium antibacterial substance)
for AgNPs-Gfe, AgNPs-G, and AgNPs-AA, respectively
(Fig. 8). This finding agrees with the description of synthe-
sized nanoparticles as great bacteria (such as E. coli) inhibitors
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in a large number of previous publications (Bhagat et al. 2019;
Priyadarshini et al. 2019; Guimaraes et al. 2020). However, the
antibacterial properties of AgNPs depend on the concentration
of bacteria and also AgNPs (Salleh et al. 2020). Therefore,
the antibacterial activity of the synthesized AgNPs was also
tested on the E. coli ATCC 25,922 using the colony count-
ing method. The sample was carried out and certified by the

Table 1 AgNPs synthesized using different plant sources

Pasteur Institute, Ho Chi Minh City, Viet Nam. It is clear that
the AgNPs-Gfe, AgNPs-AA and AgNPs-G can eliminate E.
coli bacteria with an excellent efficiency of 99.99% (Table 2).
However, the AgNPs—Gfe have smaller sizes than that of
AgNPs—G or AgNPs—AA and thus, Ag particles are covered
by phytochemicals having natural antioxidants. Therefore, the
AgNPs-Gfe prepared by the green synthesis method are more

Size of AgNPs (nm) Ref

Plant name Time (h), Temp. (°C)
Ziziphus joazeiro leaf extract 1h, 95-98 °C
Stevia leaves extract 4h,40°C
Azadirachta Indica and Ocimum sanctum leaf extract 2h,RT

Rosa brunonii Lindl extract 24 h, RT
Berberis vulgaris leaf extract 1h, RT
Lonicera japonica leaf extract 72 h,RT
Azadirachta indica leaf extract 24 h, RT
Andean blackberry fruit extract 48 h, 25 °C
Orange peel extract 24 h, 37 °C
Boerhaavia diffusa leaf extract 48 h, RT
Gymnema sylvestre leaf extract NR
Atrocarpus altilis leaf extract 24 h, 25 °C
Sudanese Azadirachtaindica leaves extract 2-4 h, RT
Melia azedarach leaf extract 10 min, 40 °C
Guava fruit extract 2h,RT

5-50 Guimaraes et al. (2020)
16-25 Laguta et al. (2019)
155-174 Priyadarshini et al. (2019)
Less than 100 Bhagat et al. (2019)
30-70 Behravan et al. (2018)

53 Kannan et al. (2016)

65.7 Roy et al. (2017)

12-50 Kumar et al. (2017)

47-63 (Skiba and Vorobyova 2019)
30-40 Akintelu et al. (2019)

20-30 Gomathi et al. (2019)

38 Veerasamy et al. (2016)

50 Alrasheid et al. (2020)

23 Jebril et al. (2020)

6.19 This study

RT Room temperature, NR Not reported

AgNPs-AA

_ AgNPs-Gfe

W T \

Fig. 8 Diameters of inhibition zone of AgNPs using disc diffusion method. a AgNPs—AA, (b) AgNPs—G, and (c) AgNPs-Gfe

Table 2 Antibacterial activities

. . Sample Cagnps CE coli (initial Time(h) C coti survivany (CFU/ - Antibacte-
of AgNPs obtam’ed using (CFU/mL) mL) rial activity
the colony counting method, %)
certified by the Pasteur Institute,

Ho Chi Minh City, Viet Nam AgNPs-Gfe Pure 5.6%10° 3 <1 99.99
AgNPs-AA Pure 5.6x10° 3 <1 99.99
AgNPs-G Pure 5.6x10° 3 <1 99.99
< 1: Not detected
é’f’s#méw @ Springer
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advantageous than the AgNPs synthesized via common chemi-
cal reduction methods.

Conclusion

Within the present work, the silver nanoparticles (AgNPs) had
been successfully produced via an eco-friendly, cost-effective,
simple, and green approach based on the guava fruit extract
(Gfe). The FT-IR and UV-Vis analyses showed that the Gfe
contains polyphenol compounds with high antioxidant proper-
ties, which are good for health and can be used as a reducing
agent as well as a stabilizer. The obtained AgNPs-Gfe nano-
spheres with 6.19 +2.44 nm in diameter have the maximum
absorbance at the wavelength around 410 nm. The antibacte-
rial studies using the colony counting and disc diffusion meth-
ods indicated that the AgNPs-Gfe can inhibit the Escherichia
coli growth and multiplication with an excellent efficiency of
99.99%. This result strongly supports the recommendation for
the use of Gfe as a reducing agent to produce AgNPs via the
green method as compared to other chemical reducing agents,
which have certain disadvantages due to their usages of toxic
substances and high temperature.
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