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Abstract: The present work aims to investigate a green synthesis of AgNPs using Muntingia calabura
leaf extract as reducing and stabilizing agents. The AgNPs formation was monitored using UV-Vis
spectrophotometer. Characterisations of AgNPs size and shape were observed by TEM. The elemental
analysis was analyzed using XDS. The maximum surface Plasmon resonance for AgNPs was detected
at 425-430 nm. This study revealed that the AgNPs were polydispersed and polycrystalline nature. The
microbial inhibition test against Escherichia coli and Bacillus cereus showed that the muntingia leaf-
mediated AgNPs had inhibited the growth of these bacteria, as indicated by the formation of inhibition
zone. The average inhibition zone for Escherichia coli was 10.3+0.5 mm and for Bacillus cereus at
9.5£0.6 mm. TEM results showed that the synthesised AgNPs have spherical form with the sizes
ranging from 22 to 37 nm. Hence, the synthesised AgNPs can potentially be applied for water treatment
and medicinal purposes.
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1. Introduction

The use of silver nanoparticles (AgNPs) in various fields has recently been increasing
especially in textiles, medical, and foods because of their attractive features [1-5]. Their
antimicrobial properties have been tested against bacteria, viruses, and fungi [6-8].
Nanoparticle synthesis typically uses physical approaches such as thermal decomposition and
thermal/laser ablation or by a chemical such as electrochemical precipitation, sol-gel process,
and aerosol pyrolysis. Alternatively, it can also be carried out using biological approaches by
plants, bacteria, fungi, algae, and yeast. Biological approaches are considered as eco-friendly
and economically feasible methods compared to physical and chemical [9].

The physical process involved high energy consumption. In contrast, chemical
processes involved toxic chemicals, which can pose unfavourable effects on the environment.
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The minimisation of physical and chemical processes can reduce the cost. Thus, the benefits of
using plant extract are because it is cleaner and it provides accessible, safe and non-toxic
compounds [10]. Previous studies on plant extract include cashew tree (Anacardium
occidentale) gum [11], purple heart plant (Tradescantia pallida)[12], cinnamon (Cinnamomum
cassia) [13], sweet pepper (Capsicum frutescence) [14], boldo (Peumus boldus) [15], clammy
cherry (Cordia obliqua Willd) [16], and kerson (Muntingia calabura) [17].

Muntingia calabura, is commonly called as pokok ceri or kerukup siam and can be
found in Malaysia. It is a fast-growing tree that is wildly grown in the Southern and Northern
America and South East Asia [18]. It is traditionally used as a folk remedy for the treatment of
fever, incipient cold, liver disease, and antiseptic agent in Southeast Asia [19]. However, the
effectiveness of the use of these plant extracts as reducing and stabilizing agents has not been
investigated.

In closing the research gap, this study was aimed to investigate the green synthesis of
AgNPs using aqueous Muntingia calabura leaf extract as reducing and stabilising agents.
Investigation on its bio-reduction reaction was conducted by using UV-Visible spectroscopy
technique. The synthesized AgNPs were successfully characterised using FTIR, SEM,
HRTEM, and XDS. In the application, antibacterial activities of AgNPs were tested against
Gram-positive and Gram-negative bacteria.

2. Materials and Methods
2.1. Materials.

Silver nitrate (AgNOs), nutrient agar, Luria Bertani (LB) broth, and Whatman No.1
filter paper were acquired and used for experimental analysis. Two bacteria, Escherichia coli
(E. coli) and Bacillus cereus (B. cereus) were obtained from the Faculty of Biomedical and
Engineering (FBME), UTM. Both bacteria were maintained in nutrient agar media and Luria
Bertani (LB) broth.

2.2. Muntingia calabura leaf extract preparation.

The fresh leaf of Mutinga calabura (M. calabura) was obtained to biosynthesize the
silver nanoparticles. The preparation of leaf extract was adapted from previous studies with a
little modification [20,21]. Fresh leaves of M. calabura were collected and washed thoroughly
using tap water twice and by deionized water to remove dirt and debris. The cleaned leaves
were dried under the shed and finely cut using a clean scissor. Twenty (20) grams of the leaf
was added into 500 mL of deionized water and heated at 60 °C for 30 min. This was followed
by cooling at room temperature. It was further filtered through Whatman No. 1 filter paper
using vacuum filtration system. The filtered leaf extract was stored at 4 °C for further analysis.

2.3. Synthesis of AgNPs.

In the biosynthesis process of AgNPs, the effects of the quantity of fruit extract and
concentration of AgNOs were assessed to intensify the synthesis route in producing the metal
nanoparticles. The aqueous solution of AgNOs (0.01 — 0.03 M) was used and the volume of
the aqueous fruit extract was added at 1:1 ratio (v/v). The mixture was left under dark condition
with stirring using magnetic stirrer for 24 h. As a comparison to show that the AgNPs synthesis
was mediated by phytochemicals of M. calabura leaf extract, a control flask containing
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aqueous solution of AgNOs and deionized water was also used and kept under the same
condition as the AgNPs synthesizing mixture. The occurrence of silver ions reduction was
observed when the mixture optical colour changed from clear brown to dark brown solution.
The optical density developments were monitored and measured timely for 1 h and up to 48 h
using spectrophotometer (Macherey-Nagel Nanocolor UV/Vis).

2.4. AgNPs characterization.

Biosynthesized AgNPs consequent of reduction of silver metal ions with aqueous M.
calabura leaf extract was observed by a spectrophotometer (Macherey-Nagel Nanocolor
UV/Vis) it was operated at 1 nm resolution and wavelength of 200-800 nm. In addition, Energy
dispersive spectroscopy (EDS, Oxford Instruments, Oxford, United Kingdom) confirmed the
presence of AgNPs elements at 20 keV. Moreover, the morphology of AgNPs was structurally
characterized in high resolution mode (HR-TEM) using JEOL-ARM200F model instrument.
The FTIR analysis was also performed to determine the presence of possible compounds that
act as capping and stabilizing agents for the AgNPs in the range from 400 to 4000 cm™. The
analysis was performed using FTIR spectrometer (PerkinElmer Frontier-GPOB model 96046).

2.5. Antibacterial activity of AgNPs.

The antibacterial activity of the biosynthesized AgNPs was evaluated against E. coli
and B. cereus by paper disc (6 mm diameter) method adopted from [1]. An overnight grown of
E. coli and B. cereus culture (optical density (OD600nm) = 0.8 @ approximately 1 x 108
CFU/mL was used. Five millilitres (5 mL) of bacterial culture was spreaded over Mueller-
Hinton agar plate. Paper discs were prepared by soaking it in respective AgNPs labelled as
0.01M, 0.02M, 0.03M, 9:1 and 1:9. The paper discs were air dried under laminar flow then
transferred onto the prepared agar plates. Blank paper discs were soaked in filter sterilized
deionized water. The plates were incubated at 30 °C for 24 h. Each bacterial plate was made in
triplicates. The antibacterial activity was determined by averaging the diameter of the inhibition
zone observed around respective paper discs.

3. Results and Discussion
3.1. UV-Vis spectroscopy of AgNPs.

The reaction of leaf extract with AgNO3 was performed using different concentrations
of AgNQs; 0.01M, 0.02M, 0.03M, and two ratio of AgQNO3 (0.01M) and extract which were
9:1 and 1:9. Figure 1 represents the rapid UV spectrum of AgNPs development when using
AgNO:s. After 1 h, rapid change of colour was clearly observed from colourless to dark brown
as seen in Figure 1 (f). The AgNPs synthesis was confirmed by the UV-Vis spectrum of surface
plasmon resonance (SPR) at 425-430 nm of adsorption band. It was noticed that at each
condition, the longer the incubation time, the higher the UV-Vis wavelength adsorption but
with different intensity. Steady development of AgNPs was indicated by the straight line of
increment Amax @S Shown in Figure 1.

Narrow SPR peak at 425430 nm was observed at 0.02 M of AgNOs with highest Amax
of 0.991 as depicted in Figure 1. The absorbance intensity showed a significant decrease when
the reaction is performed at a concentration of 0.01 and 0.03 M as well as 9:1 and 1:9 (v/v).
This was due to agglomeration which was faster at concentration of 0.01 M and 0.03 M making
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the SPR shifts and broadening the wavelength. This indicated that particle formation was
influenced by the concentration of precursor and the size, shape and surrounding medium. This
is referred to as the phytochemical compounds in the leaf extract [22] and [17].

! \\ —

AgNOs+Leaf Extract
(AgNPs)

Figure 1. UV-Vis spectra of AgNPs at (a) 0.01 M, (b) 0.02 M, (c) 0.03 M, (d) leaf extract: 0.01 M AgNO3;
ratio 9:1 and (e) leaf extract: 0.01 M AgNOs ratio 1:9 as well as (f) the colour changes of AgNO3; solution
after leaf extract addition.

3.2. FTIR analysis.

The FTIR was performed to identify functional groups that exist in the leaf extract of
M. calabura and on the surface of AgNPs synthesized using the extract. These functional
groups are responsible for the reduction of AgNOs to Ag®, capping and stabilization of silver
nanoparticles in the solution. Figure 2 shows the FTIR spectrum of M. calabura leaf extract
(b) and its AgNPs (a). The infra-red (IR) bands of 3307.92 cm™ are characterized as —OH, -
NH, -CH of alcohol, aliphatic primary amine and alkyne. The band of 1637.56 cm™* indicated
—C=C and —NHz of amide and amine group, mainly from protein compound. The compounds
contained in the leaf extract are flavonoid, polyphenol and terpenoid [17]. A systematic
literature study by [23] on M. calabura possesses a high content of antioxidant phytochemicals
including terpenoids, flavonoids, tannins, and phenols which are beneficial for
pharmacological activities. These compounds act as reducing agents. Meanwhile, the IR
spectrum for AgNPs shows that the IR band of 2355.08 cm™ was absent. The band supposedly
of -C=N (nitriles group) and P-H ester stretching. This suggests that the functional groups are
responsible for stabilizing and capping the AgNPs. It is further suggested that the protein
structures in M. calabura extract are intact due to interaction with Ag* ions or nanoparticles
[24]. The IR bands in 619 — 542 cm correspond to S-S and C-S stretching.

Interestingly, many previous researchers highlighted the significant antioxidant activity
played by terpenoids. Quercetin in Tulsi plant extract (Ocimum sanctum) as one type of
terpenoid [25], was reported as the main compound reacting with Ag™ ion in synthesizing
AgNPs. The terpenoids in geranium leaves were reported as the active compound in reducing
the silver ions to AgNPs [26].
https://biointerfaceresearch.com/ 6256
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Figure 2. FTIR spectra of (a) Muntingia calabura leaf extract and (b) AgNPs.

3.3. Morphology, size, and EDS analyses.

The surface morphology and size of AgNPs provided by SEM image showed that the
AgNPs synthesized with diameter ranged from 30-60 nm in size. The AgNPs were scattered
evenly as indicated by Figure 3. The large distribution of AgNPs diameter size was as a result
of various phytochemical compounds in M. calabura leaf extract that act as reducing and
capping agents [17].

SUS000 10.0kY 7. 8r

Figure 3. SEM image of synthesized AgNPs at 10kV at 100000 x magnification.

TEM images which clearly show that the synthesized AgNPs were poly-dispersed in
spherical shapes (Figure 4(a)). The diameter length or size distribution ranged from 7 to 52 nm
(Figure 4(b)). The high frequency of size was within 22 to 37 nm. The EDX instrument further
confirmed the Ag element in the synthesized AgNPs. This elemental analysis also confirmed
the existence of other elements such as C, O, and P that are determined and shown in functional

https://biointerfaceresearch.com/ 6257


https://doi.org/10.33263/BRIAC105.62536261
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC105.62536261

groups from previous FTIR analysis. Thus, it proved that the AgNPs can be successfully
synthesized using the M. calabura leaf extract and the AgNPs have been capped or
encapsulated with various phytochemicals contributed by the M. calabura leaf extract. The
inset SAED image of TEM of nanoparticles is presented in Figure 4(a). Bright diffraction spots
in each image indicated that the silver nanoparticles are of single crystal quality [27], with
polycrystalline nature [28].

@ s W, 'y

(b)

Figure 4. (a) TEM images of AgNPs mediated by M. calabura leaf extract and (b) AgNPs size
distribution.

Further confirmation on the elements which exist in the AgNPs was conducted. It was
based on the EDS spectrum it is confirmed the Ag element that existed in the synthesized
AgNPs. Other significant elements that co-existed are C, O, P and S as shown in Figure 5. All
these elements were determined and shown in functional groups from previous FTIR analysis
(Figure 2). This indicated that the AgNPs were well capped/encapsulated with various phyto-
compounds originated from the M. calabura leaf extract.
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Figure 5. EDS sepctra of the synthesized AgNPs.
3.5. Possible mechanism of AgNPs synthesis.

Currently, there is a clear explanation on reduction of silver ions into AgNPs by
phytocompounds, flavonoid, polyphenol and terpenoid in plant extract [17]. These compounds

act as reducing and capping agents [29]. The —OH functional groups as depicted in Figure 6
https://biointerfaceresearch.com/ 6258
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reacted with Ag* and reduced it into AgNPs. Figure 6 demonstrated the generation of two
proton i.e., a quercetin molecule for the reduction of Ag ions via reduction-oxidation reaction.

o]

HO, Lol H
AgNPs + I

Figure 6. Silver ions reduction by terpenoid (quercetin) molecule adapted from [25].
3.5. Antibacterial activity of AgNPs.

Based on the antibacterial activity, AgNPs synthesized from 0.02M AgNOs showed a
better inhibition activity against both E. coli and B. cereus compared to other concentrations of
AgNOs as shown in Table 1 and Figure 7. There is significantly different in bacterial inhibition
efficiency between AgNPs from 0.02 M and other concentrations. For example, in E. coli
inhibition, AgNPs from 0.01 M AgNOs was inefficient by 17% and 10% from 0.03 M AgNOs.
Growth inhibition by AgNPs from different mixture ratio of leaf extract and 0.01 M AgNO3
was lower than the pure concentration of AgNOs. This was due to the fact that the leaf extract
at 90% was not able to act as antibacterial agent. The leaf extract at 10% volume synthesized
lower intensity of AgNPs which is insufficient to suppress the growth of bacteria. The AgNPs
killing mechanism is still specifically uncertain. However, there are research findings which
highlighted that bacterial cell membrane interacts with AgNPs due to the existence of S and P
constituent. Subsequently, this interaction can initiate the killing by interrupting the bacteria
cell division and respiratory chain [30].

Table 1. Zone of inhibition of AgNPs by M. calabura leaf extract.

AgNPs Zone inhibition = SD (mm)
E.coli B. cereus

0.01 8.3+0.6 9.0£1.0

0.02 10.0£1.0 9.7+0.6

0.03 9.0+1.0 7.7+0.6

1:9 8.3+0.6 7.3+0.6

9:1 8.0£1.0 8.3+0.6

Figure 7. Zone of inhibition of AgNPs against (a) B.cereus and (b) E. coli.

4. Conclusions

The aim of this study was to investigate the green synthesis of AgNPs using aqueous
Muntingia calabura leaf extract as reducing and stabilising agents. The FTIR analysis revealed
that the phytocompounds in M. calabura are flavonoid, polyphenol, and terpenoid. The
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morphological observation confirmed the poly-dispersed spherical shape and size ranging from
22 to 37 nm. The polycrystalline nature of the synthesized AgNPs was confirmed by the TEM
analysis. The AgNPs synthesized using 0.02 M AgNOs were the most efficient in inhibiting all
bacterial growth. In general, findings from this work confirmed that the M. calabura leaf
extract has the potential as the biological alternative for AgNPs production.
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