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ABSTRACT. The aqueous extract of Rivina humilis was suitable to reduce silver ions (Ag*) to form micron-sized metallic
silver at room temperature and without any addition of external reducing agent or stabilizer compounds. The reduction
process was assisted by light, indicated by the colour change of the reaction mixture and supported by the appearance of
peak at 455 nm in spectrophotometric analysis when the reaction was carried out under room light. Based on transmission
electron microscopy (TEM) analysis, the as-prepared metallic silver was in spherical form. The analysis results using
particles size analyzer (PSA) show their particles distribution from micro to nano size (average size was 199 nm). The
interaction behaviour of micron-sized metallic silver/extract solution with Corptotermes curvignathus termites shows that the
silver gives small additional effects along with the activity of the extract.
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INTRODUCTION

The design and production of nanometals with
specific applications can be achieved by controlling
their shape or size [Khan, Saeed & Khan, 2019] and
particles alignment [Astuti, Poolton, Butenko, & Siller,
2014]. To this aim, green nanotechnology has
emerged as a powerful tool (Polshettiwar & Varma,
2010). Green nanotechnology for the synthesis of
metal nanoparticles involves marine organisms,
fungi, bacteria, and plants as media as well as
reaction agents. Some reviews on the green synthesis
and applications of nanoparticles of  silver
(AgNPs)and other metals have appeared in recent
years (Beyene, Werkneh, Bezabh, & Ambaye, 2017;
Raofique, Sadaf, Rafique, & Tahir, 2017; Sood, &
Chopra, 2018). Metallic silver having nano- and
microsizes is one of the most important
nanomaterials (Siddigi, Husen, & Rao, 2018), and a
number of synthetic methods have been developed to
obtain silver nanoparticles with appropriate sizes and
shapes for specific applications (Singhal, Singha,
Bhattacharya, & Gupta, 2017; Li, Xu, Li, Xhoo, &
Chen, 2018; Oza et al., 2020).

Biosynthesized nanoparticles have been used as
catalysts, antifungal and antibacterial agents, and
heavy metal sensors. A few studies have shown that
biogenic synthesized AgNPs exhibit activity against
some types of termites. For instance, AgNPs

synthesized by Daphne mucronata leaves extract are
more effective against Heterotermes indicola termite
than the corresponding leaves extract (Shah,
Lutfullah, Ahmad, Khalil, & Maaza, 2018). In
addition, Zizyphus jujuba extract-mediated synthesis
led to AgNPs that can effectively control the
Centrocestus  formosanus  termite  population
(Jayamala, Murugan, Maheswari, & Singh, 2018). It
is noteworthy that, although silver is an important
additive in the field of paints and preservatives, it is
not effective as anti termite agent in many cases
(Green lll, & Arango, 2007). Other metallic compounds
have been also tested as wood preservatives against
termite attack. For example, zinc oxide nanoparticles
could also inhibit the eastern subterranean termites
(Reticulitermes flavipes) population growth by slow-
acting, non-repellent stomach poisoning (Clausen,
Kartal, Arango, & Green lll, 2011).

Aqueous extracts of R. humilis fruits have been
tested for hematological parameters in rats. The
results showed that the extract did not affect the
hematological profile of rats even after daily
administration  for 35 days (Khan, Joseph,
Muralidhara, Ramesh, Giridhar, & Ravishankar,
2011). Moreover, R. humilis berry exiract, rich in
betalains, was proved to be suitable as food colorant.
The color of food was stable under thermal treatment
and storage at 5 °C for 6 months (Khan et al., 2015).
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The same extract had been previously reported to
have bioactivity and citotoxicity toward cancer cells
(Khan, Harsha, Giridhar, & Ravishankar, 2012) and
as natural anti-feedant, oviposition deterrent, and
ovicidal and larvicidal agent against field pest
Spodoptera litura (Arumugam et al., 2015). Betanin,
a betalain pigment, has been isolated from red beet
roots. An interaction between the isolated betanin
with Ni?* and Cu?* ions was suggested on the basis
of a peak that appeared at 505-525 nm in the UV-
vis spectrum depending on the pH solution. On the
other hand, no peak was detected upon mixing the
betanin solution with Ag* ions (Wybraniec et al., 2013).

Apart from this report, no other study on any
specific interaction between betanin and related
compounds from R. humilis fruits extract with metal
ions has been published, although these fruits have
been claimed to contain betalains and their
derivatives. Herein, we describe the study of the
interaction of aqueous extract of R. humilis fruits with
Ag® ions, especially in the form of AgNOj salt. One
of the main findings in this research is the role of
light in accelerating the interaction between the active
compounds in aqueous extract of R. humilis fruits with
silver ions. It is known that in some cases the
interaction of one compound with another compound
needs external assistance such as temperature, light
irradiation, electromagnetic waves, electric-field and
several other physical factors. In addition to the
fundamental study of the role of light in this reaction,
the activity of the resulting metallic silver particles
against termites was also evaluated.

EXPERIMENTAL SECTION
Chemicals and Fruit Samples

All chemicals used were of analytical grade. Silver
nitrate was purchased from Merck. The glassware
used in these experiments was washed using aqua
regia prior to use. All solutions were prepared using
demineralized water. Fresh fruits of R. humilis L. were
collected from Bengkulu city, Indonesia.

Green-Synthesis of Metallic Silver Particles

The R. humilis fruits (Figure 1a) were collected
freshly from Bengkulu city area and washed using
aquadest. For the preparation of R. humilis fruits
extract, one gram of dust-free fruit was put in an
Erlenmeyer, followed by addition of 100 mL of
demineralized water. The mixture was heated and
stirred using a hotplate—-magnetic stirrer at 70 °C for
30 min, and subsequently cooled to room
temperature. The mixture was filtered using Whatman
paper filter No. 3. The obtained fresh solution was
transferred to a sample bottle, followed by addition
of silver nitrate solution (1 x 1072 M) under stirring at
room temperature under two reaction conditions i.e.,
under light irradiation and in dark condition.
Additional stirring was carried out for 2 h, and the
sample was then kept at the same temperature for 24
h without stirring.
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Characterization of Green-Synthesized Metallic Silver
Particles

Visual observation of the reaction mixture was
performed using a portable camera and a UV-vis
spectrophotometer (Agilent 60) at the scanning range
of 380-800 nm. The solution is diluting from the
main solution by picked up 0.2 mL of the reaction
mixture and diluted to 5.0 mL total solution using
demineralized water. A particle size analyzer (PSA)
(Delsa™Nano — Beckman Coulter Inc.) was used to
determine the size distribution of the silver particles in
the reaction mixture. The reaction mixture (in
demineralised waster) was used directly for PSA
analysis. The observation of particles shape was
carried using Transmission Electron Microscope (TEM)
(JEOL JEM 1400).

Termite Collection

The tested termite species, C. curvignathus, was
collected together with nest wood from the Kandang
Limun campus of Universitas Bengkulu. The collected
termites were kept in plastic trays and reared in the
laboratory in dark condition at room temperature.

Interaction Behaviour Test of Green-Synthesized
Metallic Silver with C. curvignathus

The no-choice bioassay method of (Kang,
Matsushima, Sameshima, & Takamura, 1990) was
employed with slight modifications to evaluate the
antitermitic activity of five solutions: demineralized
water, AgNOj; solution, R. humilis extract, micron-
sized metallic silver/extract solution, and 10 times
diluted of micron-sized metallic silver/extract solution
to study the behaviour of silver particles toward C.
curvignathus termites. The 10 times diluted of
micron-sized metallic silver/extract solution was
prepared by diluting the as-prepared reaction
mixture 10 times with demineralized water. A piece of
filter paper (Whatman no. 3 and 2 cm in diameter)
treated with the reaction mixture of R. humilis extract—
AgNO; was used for the main experiment. After the
solvent (demineralized water) was removed from the
treated filter papers by air-drying at 27 = 2 °C,
active termites (20 workers and 2 soldiers) were put
on the filter papers and kept in Petri dishes (90 mm
diameter). The covered dishes were then placed in a
dark room at room temperature for four days. A few
drops of water were periodically dripped onto the
bottom edge of each Petri dish. The same procedure
was followed for the rest of the solutions, and the
demineralised water was used as a control. Termite
mortality was calculoted on the basis of visual
inspection.

RESULTS AND DISCUSSION
Synthesis results and characterization of metallic
silver

Extraction of the essential compounds from
R.humilis  fruits (Figure 1a) was achieved by
dissolution in demineralised water at 70°C for short
periods of time. The extraction process of R. humilis
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fruits was monitored by the color change of the
solution from transparent to red (Figure 1b). The R.
humilis fruits extract (Figure 1c) was obtained by
filtration and used freshly to synthesize the metallic
silver particles (Figure 1c to 1d).

When the reduction of silver ions to metallic silver
was carried out under light irradiation for 24 h, the
reaction proceeded smoothly at room temperature
(Figure 2, left), whereas no colour change was
observed in the absence of light irradiation (Figure 2,
right). In addition, in the present condition, the use of
9 mL of fruits extract versus 1 mL of AgNOj; solution
gave significant colour change.

These results suggests that the presence of some
active compounds in the R. humilis extract was not
enough to reduce the silver ions to metallic silver;
conversely, this process occurred in the presence of
light due presumably to direct activation of either the
silver ions or the compounds in the extracts. This
might occur because of the synergistic performance
from several compounds in the aqueous extract of R.

humilis fruits. However, the reaction was very slow
(24 hours) even though it was assisted by light. The
colour change of the reaction mixture was considered
the first signal of the reaction progress (Shah,
Lutfullah, Ahmad, Khalil, & Maaza, 2018). This
phenomenon also indicates that the presence of
excess extract (capping agent) is needed to reduce
the silver ions and stabilize the particles from
aggregation processes (ElI-Nour, Eftaiha, Al-Warthan,
& Ammar, 2010; Seifipour, Nozari, & Pishkar, 2020;
Mikhailova, 2020). Although the mechanism of the
reduction of silver ions induced by light remains
uncertain, one possibility is that the reduction
reaction proceeds via mechanisms proposed for
photo-catalytic reduction of silver ions in the presence
of citrates anions (Maillard, Huang, & Brus, 2003;
Redmond, Wu, & Brus, 2007) or other compounds
that available in R. humilis extract and supported by
the electron transfer from the compounds to the silver
ions as acceptor (Kumar, Singh, Mohan, & Hasan,
2016; Fierascu, et al, 2017); Rahman, et al, 2019).

(d)
Figure 1. (a) R. humilis L. plant and their fruits, (b) extraction process, (c) clean extract after filtration,
and (d) reaction mixture of AgNQOj3 and the extract

(©)

Figure 2. (Left) Reaction mixture under room light irradiation; (Right) reaction mixture in dark condition
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Figure 3. Spectrophotometry analysis results of (a) R. humilis leaves extract and (b) reaction

mixture of the extract-AgNO3

Further characterization was performed using a
UV-vis spectrophotometer as illustrated in Figure 3.
The aqueous extract gave rise to specific peaks at
465 and 550 nm, which were almost coincident with
those of previously reported results at pH 5 (Khan, et
al., 2012). In addition, the reaction mixture of fruits
extract-AgNQ3; yielded a new peak at A= 455 nm.

The results of our research demonstrate that
aqueous extracts of R. humilis fruits could be used as
media for the synthesis of silver micro-and
nanoparticles in the presence of light. The formation
of silver particles was evidenced by the appearance
of a new peak at 455 nm in the UV-vis spectrum
(Figure 3), which is in coincident with the specific
surface plasmon resonance (SPR) of metallic silver
nano-and microparticles (Mlalila, Swai, Hilonga, &

Kadam, 2017). In addition, compounds peaks as
shown in aqueous extract of R. humilis fruits (Figure
3a) have disappeared when the solution was reacted
with silver ions in the presence of light (Figure 3b).
Although the exact reaction mechanism are still not
fully understood, seems to have been caused by an
oxidation process of the corresponding active
compounds as a couple of redox reactions in order to
reduce silver ions [Azis et al., 2019] or by formation
of coordination complexes [Nguyen, Vo, Le, Thi, &
Thi, 2020] and/or followed by decomposition of
some essential organic compounds in the reaction
mixture. Further investigation using TEM revealed that
the current metallic silver in aqueous extract of R.
humilis was in spherical form (Figure 4).

Figure 4. Morphology pattern of metallic silver using TEM
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Figure 5. Particles size distribution pattern using a particles size analyzer (PSA)

(b)
Figure 6. Immersion of Whatman filter paper in (a) demineralized water, (b) AgNOs solution, (¢) R. humilis
extract, (d) micron-sized metallic silver/extract solution, and (e) 10 times diluted of éd

Furthermore, the average size of the particles in
the reaction mixture was determined to be 199 nm
by using a PSA (Figure 5). This large size is probably
due to instability of the capping agent in the extract.
The polydispersity index (PDI) is 0,346, which mean
that the as-prepared sample is in a mid-range value
of dispersity. It is known that some natural or
synthetic organic compounds could play a significant
role in the modification of the chemical
characteristics of produced nanoparticles (Firdhouse,
& Lalitha, 2015).

Interaction performance of green-synthesized metallic
silver with C. curvignathus termites

To evaluate the effect of the solutions on the
termites, a Whatman filter paper (No. 1) was
immersed in different solutions (demineralized water,
AgNOs; solution, R. humilis extract, micron-sized
metallic silver/extract solution, and 10 times diluted
of micron-sized metallic silver/extract solution) as
shown in Figure 6.

The behaviour of the silver particles toward
termites was studied by using the reaction mixture as
medium as well as filler for filter paper (Figure é6d —
e), which was used as food source for the termites.
It's common to use the filter paper as food source in
the corresponding experiment (Cornelius, & Lax,
2005). To provide comprehensive results, silver
nitrate and fruits extract solutions were used (Figure
6b - ¢) as comparative samples. In addition,
demineralised water was used as negative control
(Figure 6a). The interaction assay of test samples
were performed against C. curvignathus termites and
the termite mortality was evaluated on a daily basis
by visual inspection of 20 workers and 2 soldiers in a
Petri dish containing the treated filter paper (Figure 7
as a representative). When termites encountered the
disk, they immediately spread and a few of them
clustered on top of the paper. The average amount
of death termites (from two replicate experiments) are
summarized in Figure 8.
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Figure 7. Antitermites test using no-choice method
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Figure 8. Average termite mortality using no-choice method with different types of treated

paper as food source (after 4 days)

The results of direct investigation indicate that
significant effects could be observed after the second
day. Micron-sized metallic silver/extract solution
caused 25% mortality of worker termites, whereas
diluted micron-sized metallic silver/extract solution,
silver nitrate solution, and the fruits extract caused
only 10%, 15%, and 20% mortality, respectively.
These results clearly showed that the mortality of the
workers termites caused by synergistic activity of the
fruits extract and the silver particles. As expected,
the control sample did not give any effect. The
mortality might be due to the fast penetration of the
materials into the termite cell causing slow-acting
and stomach poisoning. After the third and fourth
day of test, the mortality seemed to be uncontrolled
due to an unsuitable living environment for the

termites (Figure 8); therefore, no significance
differences between the five samples evaluated could
be extracted.

CONCLUSIONS

This is an inexpensive approach for the synthesis
of silver micro-and nanoparticles using aqueous fruits
extract of R. humilis L. The present environmentally
friendly synthesis of inorganic materials showed that
R. humilis could be used as an effective reducing
agent in the presence of light irradiation for the
synthesis of metallic silver particles ot room
temperature. Furthermore, the fruits extract and the
corresponding micron-sized metallic silver particles
were proved to be potentially applicable to control
the population of C. curvignathus.
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