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Abstract

This investigation was done to synthesize silver nanoparticles
(AgNPs) using Curcuma longa (C. longa) extract as a capping,
and stabilizing, reducing agent. The impact of C. longa raw
material/water ratio, extraction duration and temperature, the
volume ratios of AgNO; solution/C. longa extract, and AgNO3
concentration in the formation of AgNPs were evaluated. The
obtained AgNPs were analyzed by UV-Vis spectroscopy, FTIR,
X-ray diffraction pattern (XRD),
spectroscopy (EDX), transmission electron microscopy (TEM),

energy-dispersive  X-ray

and the size distribution estimated by zeta instrument. The
presence of AgNPs exhibited surface plasmon resonance peak
approximately at 442 nm. FTIR study demonstrated that hydroxyl
functional groups existed in the extract that reduced Ag* to Ag°.
XRD pattern was used to identify the crystalline structure of
AgNPs. The morphology and size of the synthesized AgNPs were
determined by TEM. The obtained AgNPs with a face-centered
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cubic structure were nearly spherical in shape and 5-30 nm in
diameter, and the average size of particles was 28.0 nm. The
antibacterial activity of AgNPs was investigated against Bacillus
cereus (B. cereus), Escherichia coli (E. coli), Staphylococcus
aureus (S. aureus), and Salmonella typhi (Salmonella) by disc
diffusion method. The inhibition zone of obtained AgNPs against
bacteria varied in a range of 15-20 mm and the minimum
inhibitory concentrations were determined only 2.81 — 11.5

pg.ml™.

Key words: Biofabrication, silver nanoparticles, Curcuma longa,
synthesis conditions, antibacterial activity

Introduction

Silver nanoparticles (AgNPs) have been used in different fields
such as environmental pollution, drug delivery, and materials
because of the exclusive characteristics (Gittins et al., 2000).
Chemical synthesis of AgNPs requires hazardous reducing agents
to convert Ag* ions into Ag° nanoparticles (Mukherjee et al.,
2008). By contrast, the green synthesis using eco-friendly
reducing reagents had effective cost and was manufactured with a
large scale (Sandeep et al., 2016). In the biosynthesis method,
various extracts are used as reducing, stabilizing, and capping
agents for AgNPs formation (Krithiga and Briget, 2015).
alkaloids,
flavonoids, terpenoids, amino acids, tannins, saponins, phenols,

Phytochemicals present in extracts including
and carbohydrates act as agents for the biosynthesis of AgNPs

(PANDIT, 2015; Janeeta Priya et al., 2016).

Curcuma longa (C. longa) is a medicinal plant that belongs to
the Zingiberaceae (ginger family) and widely grown in
subtropical and tropical climate (Prasad et al., 2014). It is
considered as a source of bioactive compounds including
glycosides, sterols, alkaloids, flavonoids, and saponins (Abraham
et al.,, 2018). Curcumin is known as an orange-yellow colored
polyphenol and constitutes C. longa powder. Studies have been
determined that curcumin has antimutagenic, antiangiogenic,
anti-inflammatory, antimicrobial, antioxidant, and antiplatelet
aggregation activity (Patil et al., 2009; Shehzad et al., 2013). To
the best of the authors’ knowledge and understanding, most of the
previous studies only evaluated the effect of factors on the
AgNPs formation from C. longa powder and antibacterial activity
of the synthesized AgNPs.
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According to previous publications, Shameli et al. (2012)
synthesized AgNPs from aqueous AgNOs using C. longa tuber-
powder extract as a reductant agent. TEM images showed that the
average particle size for the formation of AgNPs was 6.30 + 2.64
nm. XRD showed a face-centered cubic structure of AgNPs with
high crystalline. Another study in the synthesis of AgNPs using
C. longa extract was done by Manonmani et al. (2015). The
antibacterial effect of AgNPs was tested against E. coli,
Pseudomonas  sp.,  Salmonella sp., Bacillus sp., and
Staphylococcus sp. In E. coli, the inhibition zone was a maximum
of 25 mm. Meanwhile, AgNPs showed an inhibition zone of 23,
22, 24, and 24 mm for Salmonella sp., Pseudomonas sp., Bacillus
sp., and Staphylococcus sp., respectively. AgNPs prepared from
silver sulfate solution using Curcuma Longa also were studied by
Kurian et al. (2016). TEM images determined the presence of
AgNPs with sizes of 20-50 nm. The antibacterial studies of the
AgNPs were determined using the Agar well diffusion assay
method against Staphylococcus aureus. The inhibition zone was
observed at 14 mm for ImM Ag and 16 mm for 5 mM Ag. So, it
demonstrated that the use of C. longa extract as a combined
stabilizing and reducing agent is an efficient and promising
methods in the preparation of AgNPs. Although there are also
numerous studies on the synthesis of AgNPs utilizing C. longa
extract, they are not systematic and comprehensive, especially in
the antibacterial activities as well as the mechanism of the
formation of AgNPs using C. longa extract as a combined
stabilizing and reducing agent. Meanwhile, the effect of
extraction condition had not been mentioned (Shameli et al.,
2012; Garg and Garg, 2018; Sathishkumar et al., 2010; Yang et
al., 2016).

In this work, AgNPs were synthesized by the reduction of AgNO3
solution using C. longa extract. The effect of C. longa extraction
including raw material/water ratio, extraction duration and
temperature, the volume ratios of AgNOs solution/C. longa
extract, and AgNOj3 concentration in the formation of AgNPs
were evaluated. The characterization of obtained AgNPs was
done and its antibacterial activity was evaluated against bacteria:
B. cereus, E. coli, S. aureus, and Salmonella. Furthermore, the
antibacterial effect of the synthesized AgNPs against S. aureus
was studied on gauze pads.

Materials and Methods

Silver nitrate (AgNOs, Merck), and distilled water were used in
this study. The C. longa tubers were collected and washed several
times with distilled water to eliminate the dust particles, cut into
small pieces, dried at 40 °C within 24 h, and then ground to a fine
powder (the particle size < 0.25 mm). The obtained powder was
used for further studies.

C. longa powder (x grams) was dispersed in 1 L of distilled
water. The mixture was boiled at T °C for t min to extract
reducing agents in the presence of C. longa powder. The
experiments were performed at different temperatures (T = 40,
50, 60, and 70 °C) and various durations (t =5, 10, 15, 25, and 45
min) For evaluating the effect of duration and temperature on C.

longa extraction. The extract was cooled to room temperature,
then filtered through a Whatman filter paper (2.5 um) and
centrifuged at 5000 rpm for 30 min to get rid of the heavy
biomaterials. The extract was stored at 4 °C in order to be used
for further experiments.

For AgNPs synthesis, the precursor of silver was used as being
AgNOs solution in distilled water. A typical reaction mixture
containing Vex ml of extract in Vag+ ml of Cag+ mM AgNO3
solution was prepared. The synthesis was performed at room
temperature for 90 min with continuous stirring.

The effect of the ratio of C. longa raw material and distilled water
on the AgNPs synthesis was determined by adding different
amounts of the powered C. longa (5.0, 7.5, 10.0, and 12.5 g).
Moreover, the effect of Vag+/Vex ratio on AgNPs synthesis was
determined by alteration Vag+/Vext = 1, 2, 3, and 4. Finally, the
effect of the concentration of AgNOs3 on the preparation of
AgNPs was studied at Cag+ = 1.00, 1.25, 1.50, and 1.75 mM.

The presence of synthesized AgNPs in the solution was
determined by UV-Vis spectrophotometer (UV-1800, Shimadzu)
in the range of 300-700 nm. The crystalline structure of the
synthesized AgNPs powder dried at 60 °C under vacuum pressure
(=700 mmHg) within 12 h was confirmed by XRD (Bruker D2
Pharser X-Ray Diffractometer, Bruker) with Cu Ko radiation (40
mA, 40 kV) and the scanning step of 0.02°). The FTIR spectra
were measured using Bruker Tensor 2700 FTIR spectrometer

1

operated in the range of 400—4,000 cm™" with a resolution of 4

cm™' using thin transparent KBr pellets to characterize the
functional groups of synthesized AgNPs. EDX (JED-2300,
Akishima) was used for the elemental analysis of the synthesized
nanoparticles. The morphology and size of AgNPs were
determined by TEM (JEOL 1400). The size distribution of
AgNPs was estimated by the zeta instrument (Zetasizer,

Malvern).

The synthesized AgNPs were tested for antibacterial effect
against E.coli ATCC 25922, B. cereus ATCC 14579, S. aureus
ATCC 43300 (MRSA), and Salmonella ATCC 14028 using an
agar well diffusion method. Pre-cultivation of the bacteria was
conducted on nutrient agar slant at 37 °C in 24 h by pricking a
single colony of each of the microbial strains, and the bacteria
were then diluted the cultures from slants in 0.85% NaCl with a
to 0.5 McFarland standard (1.5x10%
CFU/mL™") to prepare the inoculum of each strain. After the

density equivalent

preparation of the Muller Hinton Agar plates, four 6mm-wells
were made on each plate. 70 pl of synthesized AgNPs solution
was added to three out of the four wells on each plate. The
remaining one was used as the control. After 15min for AgNPs to
diffuse into the agar, the samples were incubated at 37 °C for
24h. Finally, the results were recorded by measuring the diameter
of the inhibition zone around the agar. To examine the minimum
inhibitory concentration of AgNPs against four bacteria, different
concentrations of AgNPs (N/2, N/4, N/8, N/16, N/32, and N/64
with N was the initial concentration of 90 ugmL™") were prepared
by diluting AgNPs solution with deionized water. The lowest
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concentration of AgNPs that inhibited the growth of tested
bacteria was considered as the MIC.

Results and Discussion
Effects of C. longa extraction conditions

Figure 1 shows the effect of extraction condition on the synthesis
of AgNPs. As can be seen, the content of C. longa powder plays a
vital role to form AgNPs. To determine the effect of C. longa
powder content on the formation of AgNPs, the samples were
prepared by the addition of different concentrations of powder
(5.0, 7.5, 10.0, and 12.5 g.L'!) into the reaction solutions with the
AgNOs solution(1.0 mM)/C. longa extract volume ratio of 2 at
room temperature for 90 min. Figure la shows the AgNPs
formation with different C. longa powder contents from 5.0 to
12.5 gL '!. The low concentration of AgNPs was produced at C.
longa powder concentration of 5.0 and 7.5 gL' due to
insufficient reducing agents (Do Kim et al., 2004). As the content
of C. longa powder increased up to 12.5 g.L!, the intensity of the
absorption peak of obtained AgNPs solution decreased
dramatically owing to the aggregation of AgNPs (Nagar et al.,
2016). Moreover, the highest absorption peak was obtained at
10.0 gL' and selected as the suitable C. longa powder
concentration in further experiments.
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Figure 1: Effects of extraction conditions on AgNPs formation;
(a) The C. longa raw material/water ratios; (b) The extraction
temperature; (c) The extraction duration.

According to Figure 1b, the UV-Vis spectra determined the effect
of extraction temperature on AgNPs synthesis by C. longa
powder at AgNOs concentration of 1 mM, C. longa powder
content of 10.0 gL™!, and the AgNOs solution(1.0 mM)/C. longa
extract volume ratio of 2 at room temperature for 90 min. It was
observed that an increase in intensity peak can be correlated with
an enhancement in the extraction temperature of C. longa powder
at the range of 40-60 °C. At the higher extraction temperature (70
°C), there was a remarkable decline for AgNPs formation.
According to Rucha (Desai et al., 2012), AgNPs can be
aggregated by undesired organic compounds in the extract at high
extraction temperature. Therefore, 60 °C was selected as a
suitable temperature for C. longa extraction.

Figure 1c shows the effect of the extraction duration of C. longa
powder on the formation of AgNPs at different durations of 5, 10,
15, and 45 min at the AgNOs; concentration of 1 mM, C. longa
powder content of 10.0 g.L”!, and the AgNOs solution (1.0
mM)/C. longa extract volume ratio of 2 at room temperature for
90 min. It could be observed that the absorption of the
synthesized AgNPs solution increased with increasing the
extraction duration from 5 to 10 min. As the extraction duration
the intensity of AgNPs
absorption decreased considerably, indicating that the desorption
of biomolecules led to the reduced formation of AgNPs (Elemike
et al., 2017). Thus, the suitable duration for the extraction of C.
longa powder was 10 min.

was prolonged (15 and 45 min),

In summary, the appropriate extraction parameters including the
C. longa concentration of 10.0 g.L!, the extraction temperature
of 60 °C, and the extraction duration of 10 min were concluded
for further experiments.
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Effects of synthesis conditions

The effects of synthesis conditions on the formation of AgNPs
using C. longa extract are shown in Figure 2. The reactions were
done at the volume ratio of the AgNOs solution(0.1 mM)/C.
longa extract of 1, 2, 3, and 4, and varied concentrations of
AgNO:s in the range of 0.75, 1.00, 1.25, and 1.50 mM. Figure 2a
shows the UV-Vis spectra of the synthesized AgNPs obtained at
different mixing ratios of C. longa extract and the AgNOs3
solution. There was the presence of AgNPs at Vag+/Vex = 1. On
increasing Vag+/Vext value of 2, AgNPs had the highest absorption
peak and the absorption of synthesized AgNPs solution weakened
at Vag+/Vex = 3 and 4. When the extract volume was high, the
AgNPs production reduced as a result of the dilution of AgNO3
solution. Furthermore, the agglomeration of synthesized AgNPs
occurred in the increased AgNOs3 volume (Prabhu and Poulose,
2012).
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Figure 2: Effect of the conditions of AgNPs synthesis. (a) The
volume ratios of AgNOssolution/C. longa extract. (b) AgNO3
concentration.

Figure 2b indicates that the AgNOs3 concentration of 1.25 mM
was suitable for the AgNPs synthesis. By a gradual increase in
the concentration of AgNOs; from 0.75 to 1.25 mM, the
nanoparticle production increased. However, further increasing to
1.50 mM, led to the decreased absorption intensity of AgNPs. A
higher concentration of AgNOs3 accelerated the reduction of Ag*
ions to AgNPs but at the same time, the deficiency of capping
agents prevented from aggregation (Raman et al., 2015).

Characterization of AgNPs

The crystalline structure of AgNPs was determined by XRD.
Figure 3a shows that the eight distinct diffraction peaks at 28.0,
32.4, 38.3, 46.3, 55.0, 57.6, 64.7, and 76.8° can be assigned for
the (210), (122), (111), (231), (142), (241), (220), and (311) plane
of Ag, respectively (Priyadharshini et al., 2014; Jemal et al.,
2017). Based on the XRD results, the average crystal size of the
sample at the (111) crystallographic plane was determined
following Scherrer’s equation (Patterson, 1939) with K = 0.94.
The average size of the synthesized AgNPs reached 27.6 nm.
Compared with previous studies (Mitiku and Yilma, 2018), the
size of silver nanoparticles synthesized in this work using C.
longa extract as a reducing agent was smaller than that of
synthesized from Artemisia Nilagirica (70-90 nm), Camellia
Sinensis (30-40 nm), Acalypha Indica (20-30 nm), Cassia
Fistula (50-60 nm), Boswelliaovali Foliolata (30—40 nm),
Chenopodiummurale (30-50 nm), Dioscoreabulbifera (35-60
nm), Cinnamomum Camphora (55-80 nm), and Eucalyptus
Hybrid (50-150 nm).

The elemental signals of AgNPs synthesized using C. longa
extract were analyzed by EDX (see Figure 3b). The EDX
spectrum determined the presence of C (44.47 wt.%), O (19.23
wt.%), F (4.54 wt.%), P( 0.53 wt.%), Cl (11.93 wt.%), and Ag
(19.31 wt.%) elements (Table 1). Peaks at 3.0, 3.2, and 3.4 keV
were assigned to Ag (Jeeva et al., 2014). The weak signals of O,
F, P, and Cl elements may be due to the biomolecules in the
extract bound to the surface of the biosynthesized AgNPs
(Kalathil et al., 2011). Moreover, the presence of the C signal was
due to the sample preparation on a glass substrate. This result also
confirmed the formation of AgNPs.
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Figure 3: XRD pattern (a) and EDX spectrum (b) of synthesized
AgNPs.

Table 1: The element composition forms the EDX spectrum.

Element C (6] F P Cl Ag
Atomic 140471 1923 | 454 | 053 | 1193 | 1931
(Wt.%)

The FTIR spectra were recorded to identify the biomolecules that
were responsible for the reduction of the Ag* ions and capping of
the reduced AgNPs synthesized by the C. longa extract (see
Figure 4). The FTIR spectrum of C. longa extract showed peaks
at 3423, 2926, 2860, 1640, 1316, and 1055 cm™.
Correspondingly, the peaks of the synthesized AgNPs were at
3441, 2923, 2853, 1630, 1384, and 1045 cm™'. A broad and
strong band at 3441 cm™! was due to O-H stretch of phenols. The
peaks at around 2923 and 2853 cm ™' correspond to C—H stretch of
aromatics and ~OCH3 groups. The band at 1630 cm™' was owing
to bond C=0 bend and C=C stretch. A peak appeared at 1384 cm~
! indicates the binding of Ag to the C=0 group of the curcumin
and the band was observed at 1045 cm™ corresponds to C-O
stretching (Yang et al., 2016; Satyavani et al., 2011).
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Figure 4: FTIR spectra of (a) C. longa extract and (b)
synthesized AgNPs.

The result obtained from the TEM image clearly indicated the
shape and size of AgNPs. Figure 5a shows that the synthesized
AgNPs had spherical shapes in the diameter of 5 to 30 nm. Figure
5b shows the particle size histogram of AgNPs is shown in. The
synthesized AgNPs possessed an average size of 28.0 nm. This
result is consistent with the obtained XRD and TEM results.
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Figure 5: TEM image (a) and the particle size distribution
histogram (b) of the biosynthesized AgNPs.

The mechanism for AgNPs formation

The major phytochemicals in C. longa powder were polyphenols.
According to a study (Shishodia et al., 2007), the possible
mechanism for the synthesis of AgNPs was also explained by
—OH groups of curcumin in the C. longa extract. These
phytochemicals were as high reducing agents along with strong
antioxidants for the reduction of Ag* ions to AgNPs. The
reduction process was due to the electron-donating ability of
phenol hydroxyl. Figure 6 demonstrates the mechanism for
AgNPs formation using C. longa extract. Firstly, Ag* ions formed
an intermediate complex with —OH groups of curcumin and then
oxidized curcumin into ketone form with the release of free
electrons and Ag* ions. Nextly, these Ag* ions reduced to zero-
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valent Ag. Finally, obtained AgNPs were stabilized by curcumin

HO OH
H;CO 7 X OCH;,4
0O O
AgO OAg
O O
H3CO = N OCH;,3
o O
R

in the extract (Rao and Paria, 2013).

” O O OAg
HgCow
0O O

+2H*

OCH;4

O O ‘ O
H3COWOCH3
o O

OCHj
X
OH

Figure 6: The mechanism for the formation of AgNPs using C. longa extract.

Antibacterial activity

The antibacterial effect of the biosynthesized AgNPs was
analyzed against gram-negative bacteria (E. coli and Salmonella)
and gram-positive bacteria (S. aureus and B. cereus). The
obtained results (not shown) indicated that C. longa extract had
no antibacterial effect against all bacteria including Salmonella,
E. coli, S. aureus, and B. cereus. However, the AgNPs solution
synthesized by C. longa extract had high antibacterial activity
against these bacteria (see Figure 7). For gram-positive S. aureus
and B. cereus, the average inhibition zone was 15 and 16 mm,
respectively. Also, the zone of inhibition in diameter was 19 and
20 mm for Salmonella and E. coli, respectively. When comparing
the zone of inhibition of AgNPs on the two microorganisms, the
gram-negative bacteria inhibited better than gram-positive
bacteria. According to Prakash (2013), the cell wall of gram-
positive bacteria is constituted of a multiple layer of
peptidoglycan forms, which are rigid structures. Thus, the
synthesized AgNPs had a complicated diffusion and penetration
to cause cell death. In some comparative studies on the
synthesized AgNPs using the extract of Astragalus gummifer
(Kora and Arunachalam, 2012), Bhargavaea indica (Singh et al.,
2015), and Ziziphus nummularia (Khan et al., 2016), the results
revealed that the AgNPs synthesized from C. longa, has stronger
antibacterial effect than the mentioned extractions (Table 2

AgNPs <--> B. cereus

+2Ag
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AgNPs <--> S. aureus

POR)

Figure 7: The inhibition zones caused by the synthesized AgNPs
solution against B. cereus (a), E. coli (b), S. aureus (c), and
Salmonella (d) at the most suitable conditions.

Table 2: The antibacterial activity of the tested aqueous extract of
C. longa and the different plant extracts.

Inhibition zones (mm) observed
AgNPs from with different bacteria
the different References
B. E. S.
extracts . Salmonella
cereus | coli |aureus
C. longa 16 20 15 19 This work
Ast p Kora and
s ragt? us 12 10 - - Arunachalam,
gummifer
2012
Bhargavaea Singh et al.,
indica 15 10 18 14 2015
Ziziphus Khan et al.,
nummularia 16 18 18 A 2016

Figure 8 presents the size of the inhibition zones induced by
AgNPs solution against B. cereus, E. coli, Salmonella, and S.
aureus with different concentrations. It was observed that the
exponential phase of bacteria delayed in the presence of AgNPs

and this phenomenon was more obvious with the increase of
AgNPs concentration. The MIC values of AgNPs samples against
four bacteria are arranged in the order Salmonella = E. coli (2.81
pgmL™) < S. aureus (5.63 pg.mL™') < B. cereus (11.25
pg.mL™"). These obtained results showed that AgNPs can be used
as effective growth inhibitors in five bacteria tested.
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(-): Bacteria colonies were detected.

Figure 8: Images of the minimum inhibitory concentration of
AgNPs samples against E. coli (E), B. cereus (B), Salmonella
(Sal), and S. aureus (Sta).

Conclusions

The synthesis of AgNPs was successfully conducted using C.
longa extract, in which curcumin performed the role of reducing,
stabilizing, and capping agents for AgNPs formation. AgNPs
were formed within the 90-minute reaction. The synthesized
AgNPs were confirmed by XRD, EDX, and TEM analysis. The
average size of the obtained AgNPs was 28.0 nm. Additionally,
the biosynthesized AgNPs had antibacterial activity against the
gram-negative bacteria (Salmonella and E. coli) and the gram-
positive bacteria (S. aureus and B. cereus) by disc diffusion
method with the zone inhibition and the MIC on the agar plate.
These results showed that the obtained AgNPs using C. longa
extract could be useful for the development of newer and more
effective antibacterial agents for health care.
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