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Abstract: An eco-friendly method for the extracellular synthesis of silver nanoparticles (AgNPs) using aqueous Araza fruit extract
and their antioxidant activity was investigated. It was observed that UV—Vis absorption peak is dependent on various parameters such
as pH, temperature, and change of time. The initial appearance of the yellow color with intense surface plasmon bands at
430—450 nm, then transmission electron microscopy, scanning electron microscopy and X-ray diffraction analysis revealed the
formation of 15—45 nm sized, spherical and crystalline AgNPs. Fourier transform infrared spectroscopy depicted that malic acid,
citric acid, and carotenoids of Araza fruit involved in the synthesis of AgNPs. In addition, the surface modified AgNPs (77.42%,
1 mL) showed nearly double antioxidant efficiency than Araza fruit extract (35.30%, 1 mL) against 1, 1-diphenyl-2-picrylhydrazyl.
The present study highlights the possibility of using the Araza fruit to synthesize AgNPs, which could be used effectively in the

present and future antioxidant agent.
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1 Introduction

Nowadays, extracellular biosynthesis of nano-
structured materials (nanoparticles, nanorods and
nanowires) using plant extracts appears to be more
promising alternative than physical, chemical and
microbial methods due to its simplicity, low cost,
eco-friendliness and even no need to maintain an aseptic
environment [1,2]. Among all metal nanoparticles, silver
nanoparticles (AgNPs) have received considerable
attention in recent years because of their unique
properties (small size, high specific surface area) and
potential applications in diverse areas, including
photonics, optoelectronics, textile engineering, catalysis,
water treatment, biological tagging and pharmaceutical
applications [3—5]. There are numerous methods to
reduce Ag™ to AgNPs, such as sonochemical [6,7],
photochemical [8], electrochemical [9], chemical/
N,N-dimethyl formamide [10], y-rays [11], and
biological techniques using fungi [12], bacteria [13],
yeast [14], seed [15], root [16], fruit [17], microalga [18],
leaf [19], agricultural waste [20], have been already

reported.

In addition, there are scarce of scientific reports
concerning the scope of Amazonian fruits for the
synthesis of nanomaterials, efficiently. An important
example of such a fruit is the Araza or Araza (Fugenia
stipitata McVaugh), which is native to the Amazon
rainforest and belongs to the Myrtaceae family. It is an
intense canary yellow color tropical fruit (spherical,
4—7 cm in diameter) with a delicate peel of 1 mm in
thickness, which accounts for 10% of the total fruit mass
and 6 to 15 seeds per fruit (Fig. 1). It has an agricultural
and industrial importance due to its traditional medicinal
applications, exotic tastes, juiciness, high acidity, unique
sensory characteristics, and pectin content of the fruit
makes it suitable to produce juice, nectars, jams, and
jellies [21,22]. It contains multiple parent carotenoids as
lutein, zeaxanthin, zeinoxanthin, a-carotene, fS-carotene,
p-cryptoxanthin, anhydrolutein, anhydrozeaxanthin,
zeinoxanthin [23], malic and citric acids [22]. So, it is
considered a potentially economically valuable fruit for
the Andean economy.

In continuation of our ongoing research on the
Andean plant materials for the synthesis of different
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metal nanoparticles [20,24—26], herein we reported the
use of Amozonian fruit, Araza for the extracellular
synthesis, characterization and application of AgNPs
(Fig. 2). We hypothesized that carotenoids, malic and
citric acids of Araza fruit act as either bioreductant or
stabilizer and spherical AgNPs were obtained. The
as-synthesized AgNPs were characterized by UV-Vis
spectroscopy, transmission electron microscopy (TEM),
scanning electron microscopy (SEM), X-ray diffraction
(XRD) and Fourier transform infrared (FTIR)
instrumental techniques. Further, the antioxidant activity
of the AgNPs was investigated by using 1, 1-diphenyl-2-
picrylhydrazyl (DPPH), which will provide an important
utilization of Araza fruit as new therapeutic materials.

2 Experimental

2.1 Chemicals and preparation of Araza fruit extract

All chemicals used were of analytical grade and
used without any purification. Silver nitrate (AgNOs,
99.0%) was purchased from Spectrum, USA, and DPPH
(>99.5%) was purchased from Sigma-Aldrich, USA.
Fresh unripened Araza fruit was purchased from the
popular market near Universidad de las Fuerzas Armadas
ESPE, Sangolqui, Ecuador. The thoroughly washed and
finely chopped Araza fruit (5 g) was heated (60—62 °C)
in 50 mL of Milli-Q water for 60 min. After cooling, the
colorless extract was filtered using Whatman No.1 paper
and stored at 4 °C for further use.

2.2 Extracellular biosynthesis of AgNPs
For the extracellular green synthesis of AgNPs,

Fig. 1 Unripened (a) and ripened (b) Araza fruit
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2 mL of Araza fruit extract was mixed with 10 mL of
1 mmol/L AgNO; solution in the visible light
(55-65 cd/m?). Color changes were observed from
colorless to wine red, indicating the formation of AgNPs.
The effect of the pH and temperature was determined by
varying the pH (4.0, 5.6, 7.0, 9.0 and 11.0) of 1 mmol/L
AgNO; at temperatures of 22—25, 60—65 and 90—-95 °C.
The reaction mixtures were monitored at different time
intervals and the synthesized AgNPs under optimized
conditions were further characterized by different
analytical instruments.

2.3 Evaluation of radical scavenging activity

The scavenging activity of the AgNPs was
measured by using DPPH as a free radical model and a
method adapted from KUMAR et al [20] with slight
modifications. An aliquot (200—1000 pL) of extract/
AgNPs or control, and 1000—1800 pL of H,O was mixed
with 2.0 mL of 0.2 mmol/L (DPPH) in 95% of ethanol.
The mixture was vortexed vigorously and allowed to
stand at room temperature (22—25 °C) for 30 min in the
dark. The absorbance of the mixture was measured
spectrophotometrically at 517 nm, and the free radical
scavenging activity was calculated using Eq. (1):

y=(1-A41/45)x100% (1)

where y is the scavenging percentage; A4, is the absor-
bance of sample; and 4, is the absorbance of control.

The scavenging percentages of all samples were
plotted. The final result was expressed as percentage of
DPPH free radical scavenging activity (mL).

Araza fruit

1. Synthesis

extract (aq) T A&NOs (1 mmol/L)

AgNPs (25 °C, pH 5.6)

(a) Temperature (25, 65, 95 °C)

(b) pH (4.0, 5.6, 7.0, 9.0, 11.0)

. .. 3. Applicati
Antioxidant activity - ppreatos

UV-Vis, TEM, SEM,

2. Characterization

DLS, XRD, FTIR

Fig. 2 Schematic stepwise flow chart for synthesis, characterization and application of AgNPs
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2.4 Characterization of AgNPs

The Araza extract mediated synthesis of AgNPs was
confirmed by UV—Vis spectrophotometer, Thermo
Spectronic, GENESYS™ 8, England. For the
background correction of all the UV—Vis spectra,
Milli-Q water was used. The pH measurements of
AgNOj; solution were done by using pH meter (Seven
Easy pH, METTLER TOLEDO AG, 8603, Switzerland).
The particle size distributions of nanoparticles were
determined using the HORIBA, Dynamic Light
Scattering (DLS) Version LB—550 program. The size,
shape and selective area electron diffraction (SAED)
pattern of nanoparticles were studied on TEM (FEI,
TECNAI, G2 Holland). The surface
morphology and elemental analysis of AgNPs were
recorded digitally using SEM (TESCAN, MIRA 3)
equipped with energy-dispersive X-ray spectrometry
(EDX, Bruker Nano GmbH, Quantax). XRD studies on
thin films of the nanoparticle were carried out using a
PANalytical brand 6-26 configuration (generator-
detector) X-ray tube copper at A=1.54 A and
EMPYREAN diffractometer. The functional groups on
the surface of the samples were characterized by using
the transmission mode (650-4000 cm ') using a Perkin
Elmer spectrophotometer (FTIR Spectrum Two).

spirit  twin,

3 Results and discussion

3.1 Visual and UV—Vis study

The appearance of yellow or wine red color in a
reaction mixture after addition of plant extract to AgNO;
is the primary visual signature of biosynthesis of AgNPs.
The optimal pH, temperature and time required for the
biosynthesis of AgNPs from the extract of Araza
fruit were monitored by visual and UV—Vis spectroscopy
(Fig. 3). Figure 3(a) shows the visual and UV—Vis
spectra of AgNPs incubated at room temperature
(22-25 °C) for 18 h at different pH values. It was
observed that, with increasing pH from 5.4 to 9.0, the
position and intensity of absorbance peak do not increase
very much. The single absorbance peak located at
430 nm yielded a characteristic single surface plasmon
resonance (SPR) band of spherical and monodisperse
AgNPs. MIE [27] stated that a single SPR band results in
spherical nanoparticles whereas two or more SPR bands
result in variation in shape. However, the increase in the
basicity or acidity at pH 11.0 and 4.0 causes the
absorption peaks to become broader, damped and shifted
towards higher wavelengths, indicating polydispersity.
The additional peak observed at 270-290 nm can be
assigned to the phytochemicals of Araza fruit and their
associated silver clusters, which, via intermediates, build
up metallic AgNPs. For the AgNPs at pH 5.6, the color is
yellowish, SPR peak is more sharp and appears to shift
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Fig. 3 Visual and UV—Vis spectra of as-synthesized AgNPs at
different pH after 18 h room temperature incubation period (a),
at pH 5.6 and different temperatures after 24 h room
temperature incubation period (b) and at pH 5.6 and room
temperature for different incubation time intervals (c)

towards lower wavelengths (430 nm), indicating the
smaller particle size [28,29].

After confirming the pH required for AgNPs
synthesis, the temperature and incubation period for
AgNPs synthesis were monitored. The SPR bands of
AgNPs at different temperatures (22—25, 60—65 and
90-95 °C) are represented in Fig. 3(b). It showed that the
AgNPs synthesized at 90—95 °C for 60 min have a
maximum absorbance (1.605) at A,,,=470 nm signified
the greater biosynthesis of bigger AgNPs, whereas the
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AgNPs synthesized at 60—65 °C for 60 min and
22-25 °C have the maximum absorbance peaks at 420
and 430 nm after 24 h incubation period at room
temperature. The AgNPs synthesized at 60—65 and
22-25 °C are smaller, there is no big difference in the
intensity and wavelength of absorption peaks of AgNPs.
So, from green synthesis point of view, room
temperature (22—25 °C) and pH=5.6 are more preferred
and suggested for the synthesis of AgNPs.

Finally, the reaction mixture (AgNO; and Araza
fruit extract) was incubated at 22—25 °C, pH=5.6 and the
absorbance was measured at different time intervals
(Fig. 3(c)). It shows the visual signature for the
formation of AgNPs and the color of the reaction mixture
becomes darker and intensity of SPR band increases with
the lapse of time. The appearance of yellow color from
colorless indicates the reduction of Ag” to Ag and the
formation of AgNPs after 4 h. UV-Vis spectrum of the
reaction mixture reveals the appearance of an SPR band
at 430 nm and gradually grows to be the main peak,
giving the impression of red-shift (450 nm), whereas
there is no significant absorption peak for the Araza fruit
extract alone. The shift of wavelength from 430 to
450 nm indicates either the formation of stable
aggregates of the AgNPs in solution or shape anisotropy
in the particles [30]. The results of the UV—Vis spectrum
(single SPR) agree with the previous report [6] that
the synthesized AgNPs were found to be symmetrical,
with spherical in nature. To monitor the stability of the
AgNPs, the UV—Vis absorption was measured for a time

period of 15 d. It was noticed that, there was no
significant increase of peak intensity after 72 h to 168 h,
but peak intensity was decreased after 15 d and SPR
band became more broader. This may be due to the
presence of oxidized phytochemicals of Araza fruit,
which promotes in-situ aggregation and formation of
bigger AgNPs.

3.2 TEM-SAED study

TEM images and SAED patterns of as-prepared
AgNPs after 24 h are elucidated in Fig. 4. It is evident
that the as-prepared AgNPs are spherical and well
dispersed, and the average size is in the range of
15—45 nm (Figs. 4(a)—(d)). The measurement of the size
was performed along the largest diameter of the particles.
Little bit agglomerates are also present due to the
accumulation of small nanosized crystals (Fig. 4(¢)). The
SAED pattern of AgNPs (Fig. 4(f)) is recorded from the
spherical Ag nanostructures and it clearly shows the
circular fringes corresponding to the ring like electron
diffraction patterns, typical of polycrystalline AgNPs.
The diffraction rings of the AgNPs have been indexed as
(111), (200) and (220), which are consistent with the face
centered cubic (FCC) structure of Ag [15].

3.3 SEM-EDX study

Chemical characterization in the SEM was
performed non-destructively with EDX analysis. SEM
images, including EDX mapping of AgNPs are shown in
Fig. 5. It clearly shows the homogeneous distribution of
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Fig. 4 TEM (a—e) and SAED (f) images of synthesized AgNPs
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AgNPs in a large area (Fig. 5(a)). To better observe the
distribution of AgNPs, the corresponding EDX/elemental
mapping analysis was carried out. Figures 5(b) and (c)
show the homogeneous distribution of large amounts of
elemental carbon and oxygen. From Fig. 5(d), we can
infer the presence of well dispersed metallic silver in the
form of AgNPs. The EDX analysis is shown in Fig. 6 and
Table 1, which clearly shows a spectral signal in the
silver region at ~3.0 keV, supporting the formation of
AgNPs [31]. Peaks of carbon, oxygen and other elements
(Na, K, Mg, Si, S, etc.) were also obtained due to the
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presence of phytochemicals associated metal salts in
Araza fruit extract.

3.4 DLS study

The DLS analysis was used to find out the
hydrodynamic size of nanoparticles. Figure 7 clearly
indicates that the average particle size distribution of
AgNPs is (52.8424.8) nm and it is slightly deviated from
the results of TEM images. This is due to the screening
of small particles by bigger ones and attachment of Araza
phytochemicals on the surface of AgNPs [32].

Fig. 5 SEM image of AgNPs (a) and corresponding elemental mapping images of C (b), O (c) and Ag (d)

Table 1 Elemental composition of AgNPs synthesized using Araza fruit extract

Element AN Series Net Mass fraction/% Mole fraction/% Error in mass fraction/% (1 Sigma)
Carbon 6 K-series 127577 39.21743 47.94388 4.385934
Oxygen 8 K-series 158477 54.35452 49.88445 6.006603
Sodium 11 K-series 5716 0.593774 0.379245 0.066757
Magnesium 12 K-series 4113 0.25529 0.154231 0.040723
Aluminium 13 K-series 2055 0.092964 0.050592 0.030458
Silicon 14 K-series 20938 0.564895 0.295338 0.05025
Phosphorus 15 K-series 6492 0.216799 0.102777 0.034316
Sulfur 16  K-series 8151 0.251069 0.114969 0.034836
Potassium 19  K-series 57286 2.011889 0.755578 0.086965
Silver 47  L-series 28755 1.364254 0.18571 0.068866
Tin 50  L-series 19360 1.077108 0.133231 0.058026
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Fig. 6 EDS spectrum of AgNPs synthesized using Araza fruit
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Fig. 7 Histogram of particle size distribution of AgNPs
synthesized using Araza extract
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3.5 XRD study

The XRD pattern of as-prepared AgNPs is shown in
Fig. 8. Four intense peaks were observed at 38.11°,
44.34°, 64.48° and 77.49° (ICSD No. 98—004—4387) due
to the corresponding (111), (200), (220) and (311)
reflection planes of the FCC structure of silver,
respectively [33,34]. The XRD analysis confirmed that
AgNPs formed by the reduction of Ag' ions are
crystalline in The most intense peak
corresponding to the predominant orientation of Ag
nanocrystals is along (111) plane and Debye—Scherrer
equation predicts that the average AgNPs size is less than
50 nm.

nature.

3.6 FTIR study

Table 2 and Fig. 9 show the FTIR spectra of dried
Araza fruit extract and as-synthesized AgNPs. The strong,
broadband, appearing at 3285 cm ™' in the FTIR spectrum
in Fig. 9(a) can be associated with stretching vibrations

(111)

20 30 40 50 60 70 80 90 100
20/(%)
Fig. 8 XRD pattern of synthesized AgNPs

Table 2 Different FTIR peaks of Araza fruit extract/ AgNPs and their significant functional groups

Wavenumber of Araza

Wavenumber of

No. . . Functional group . Functional group
fruit extract/cm AgNPs/cm
Stretching vibrations —OH stretching,
1 3285 3306
of O—H bonds Ag—OH
) 2019 Asymmetrical and symmetrical stretching B B
vibrations of —CH,— bonds
Stretching vibration
3 1715 - -
of C=0 of —COOH
Stretching vibration of C=0 C=0O0 stretching,
4 1630 . 1637
of —CONH/amide I C=0—Ag
5 1588 Stretching vibrations of C=C aliphatic - -
6 1402 Bending vibration of —OH
7 1226 Stretching vibration of C—O ester groups and B B
bending vibration of —CH,— group
Stretching vibration of C—O group in
8 1097, 1030 L - -
alcohol and carboxylic acid
9 889 Bending vibrations of trans-disubstituted C—H - -
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Fig. 9 FTIR spectra of Araza extract (a) and synthesized
AgNPs (b)

of O—H bonds, in alcohols and phenols (cellulose, pectin,
etc.), whereas the peak at 2919 cm™' corresponds to the
stretching vibration of the —CH,— compound [20].
The bands at around 1715 and 1630 cm
correspond to the C==O stretching vibration of
—COOH and amide I [23]. Peaks observed at around
1588, 1402 and 1226 cm ™' correspond to C—C aliphatic,
O—H bending and C—O stretching vibration, whereas
1097 and 1030 cm ™' correspond to C—O stretching from
alcohol and carboxylic acid, respectively. In addition, the

weak peak at 889 cm ' is characteristics of trans-
disubstituted C—H bending of alkenes [35]. After
bioreduction (Fig. 9(b)), there is a shift of the absorption
band of 3285 to 3306 cm ' and 1630 to 1637 cm ',
indicating the involvement of —OH and C=O in the
formation of AgNPs. It also confirms the AgNPs capped
with the water soluble extract containing —COOH and
—OH groups.

3.7 Mechanism of reduction of Ag’ to AgNPs

The major phytochemicals present in the Araza fruit
are malic acid, citric acid and carotenoids (lutein,
zeaxanthin, zeinoxanthin, o-carotene, f-carotene,
p-cryptoxanthin, anhydrolutein, anhydrozeaxanthin,
zeinoxanthin) [22,23]. The possible mechanism for the
reduction of Ag" is proposed and presented in Fig. 10. In
this scheme, Ag" ions can interact with O—H groups,
which subsequently undergo oxidation to —CHO and
—COOH forms with consequent reduction of Ag™ to
AgNPs. Finallyy, — COOH groups help in the
stabilization of AgNPs.

3.8 Evaluation of antioxidant activity

The excessive production of free radicals
(‘OH, -NO, -OR, etc.) in cells during oxidative stress,
metabolism and respiration lead to many pathological
disorders like aging, heart attack, and
Antioxidants are the chemical moiety which transfers an
electron to the free radicals and prevents the generation
of oxidant stress by making stable paired electrons [36].
One of the quickest methods to evaluate the antioxidant
activity is the scavenging activity on DPPH. DPPH is a
stable free radical which can accept hydrogen or electron
from donors and gets reduced by a color change from
purple to yellow. The antioxidant activity of both Araza
fruit extract and AgNPs were estimated against DPPH
with different dosages (mL), as shown in Fig. 11. It was
observed that, scavenging activity (%) of both samples
increases with the increase of the dose-dependent
concentration and found to be maximum of 77.42% for

cancer.
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Fig. 10 Suggested schematic diagram for biosynthesis of AgNPs using fruit extract of Araza
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Fig. 11 Antioxidant activity of Araza extract and synthesized
AgNPs against dosage of DPPH

AgNPs and 35.30% for Araza fruit extract in 1 mL. The
dramatic increase of antioxidant efficacy of AgNPs
might be the synergistic result of an
physicochemical interaction of Ag atoms with the
functional groups (COO™, O") of the Araza fruit extract
and high surface area of the spherical AgNPs [20,26,33].

active

4 Conclusions

This study demonstrated that the Araza fruit extract
has the potential to be used as reducing and stabilizing
agents for the extracellular synthesis of AgNPs in an
eco-friendly  protocol.  Various  characterization
techniques such as UV—Vis, TEM, SEM, DLS, XRD and
FTIR confirmed that Ag" was reduced to AgNPs. It was
found that the synthesized AgNPs were spherical,
15-45 nm sized, crystalline and SPR band around
430450 nm. This eco-friendly surface modified AgNPs
exhibited higher antioxidant efficacy than Araza fruit
extract and can potentially be used in biomedical
applications.
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