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Abstract: This study aims to develop a green method to load silver nanoparticles
(AgNPs) into the diatomite (D) pores to produce AgNPs-D composite material. The
AgNPs were synthesized by pineapple leaf extract at the temperature of 70 °C for 30 min.
The composite formation was characterized by UV-Vis, FTIR, TGA, particle sizes
analysis, gravimetric, and color observation. The appearance of surface plasmon bands
in 440–460 nm confirms the AgNPs formation. The percentage of the AgNO3 which
converted to AgNPs was 99.8%. The smallest particle size of AgNPs was 30 nm, obtained
in an AgNO3 concentration of 1 mM with a stirring time of 24 h at 70 °C. The colloidal
AgNPs were stable for up to 7 days. The adsorption process of AgNPs was marked by the
appearance of –C=O and –C–O– groups peak at 1740 and 1366 cm–1 on the FTIR
spectrum. By adsorption and gravimetric technique, as much as 1 wt.% of AgNPs were
loaded into D pores. The color of diatomite material changes from white to reddishbrown. The TGA analysis showed that the remaining D and AgNPs-D at 580 °C are
98.22% and 95.74%, respectively. The AgNPs loading through the green technology
technique was expected to increase diatomite application in the biomedical field.
Keywords: pineapple leaf extract; diatomite; silver nanoparticles; green method

■

INTRODUCTION

Diatomite is an inorganic material naturally formed
from fossilized single-celled aquatic algae called diatomite
[1]. The main diatomite composition is SiO2; other
components include Al2O3, Fe2O, CaO, MgO, and other
organics [2]. The material’s physical properties are
lightweight, low density, thermal conductivity, high
porosity, and surface area, inertness, and high absorption
capacity [3-4]. The composition and excellent physical
properties make diatomite potential for application as a
filler of composite material in industrial and biomedical
applications [5].
In the industrial field, diatomite is applied as a filler
in many applications such as for the adsorption of dye
materials [6], separation of oil from crude oil [7], sensors
[8], catalyst support, thermal storage [9], and pollution
prevention of heavy metals in drinking water [10]. In the
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biomedical field, diatomite is applied as a drug delivery
material [11], biosensing [12], a filler for making scaffold
and bone tissue regeneration [13]. As a filler for scaffold
and bone tissue regeneration, diatomite is used for
reinforced porous polyurethane foam (PUF) [14] and
chitosan composite membrane [15]. The addition of
diatomite increases the mechanical strength and water
uptake capacity of the polymer. Another biomedical
application for diatomite is a precursor for leusite
synthesis. Leusite is an essential material in PorcelainFused-to-Metal (PFM) and all-ceramic restoration
systems. This material produces transparency, depth of
color, and texture of natural teeth [16]. However, the use
of diatomite in the biomedical field is limited because it
does not contain antibacterial properties. The large
porosity of diatomite makes antibacterial substrate easy
to load into the diatomite pores. Diatomite, as matrix
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minerals for antibacterial carrier agents, is a promising
economic material.
One of the elements that possessed excellent
antibacterial properties is silver nanoparticles (AgNPs).
The substances are not toxic to humans but have high
toxicity to microorganisms such as bacteria, viruses, and
fungi [17-19]. The resulting silver nanoparticles (AgNPs)
will be loaded into the diatomite (D) pores to obtain
silver-nanoparticle diatomite (AgNPs-D) composite
material. Several methods were used to load silver
nanoparticles into the diatomite pores. Chen et al. (2020)
have used the Ag+ adsorption method from an electrolytic
cell and calcination in high temperatures of 500 and 800 °C
[20]. Qi et al. (2020) fabricated silver-diatomite
nanocomposite ceramic with silver nitrate adsorption by
diatomite. The composite was then added with a
carboxymethyl cellulose solution followed by calcination
at 400 °C [21]. Besides, the researchers used chemicals
such as sodium borohydride solution [22], hydrogen
peroxide [23], and Tollens’ reagent [24-25] to produce
AgNPs. However, some of these methods are not
environmentally friendly and expensive because they use
high calcination temperatures and toxic reducing agents.
The environmentally friendly, non-toxic, safe, and
low-cost method to produce AgNPs-D composites is
necessary to develop. The method used is synthesized
silver nanoparticles using the leaf extract from
agricultural waste [26-27]. One of the ample abundances
of agricultural waste in Taiwan is pineapple (Ananas
comosus L) leaf. Every year, more than 5 million tons of
pineapple leaf trash are produced [28]. The
phytochemical content in the leaf extract acts both as a
reducing and capping agent for the formation of AgNPs
[29-30]. The phytochemical compound in the pineapple
leaf extract includes terpenoids, flavonoids, cardiac
glycosides, phytosterols, alkaloids, and saponins [31],
causing the reduction process of Ag+ to Ag0. The
reduction process is then followed by stabilization to form
stable oligomeric clusters of silver nanoparticles. The
AgNPs are loaded into the diatomite pores by the
adsorption process. Adsorption is an effective and
efficient method for loading metal nanoparticles into the
pores of porous materials [32]. The resulting silver
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nanoparticle-diatomite (AgNPs-D) composite will
potentially be applied as a filler in the biomedical field.
■

EXPERIMENTAL SECTION

Materials

Pineapple leaf was collected from the pineapple
plantation area in Wufeng District, Taiwan, AgNO3
(Sigma–Aldrich chemicals), and diatomite (Cellite® 577;
density = 0.47 g/cm3, content: 80~90% SiO2, 2~4%
Al2O3, and 0.5~2% Fe2O3) was supplied by Imerys
Filtration Minerals Inc.
Instrumentation

FTIR (Perkin Elmer Two Spectrum, USA), UVVisible Spectrophotometer (Perkin Elmer PDA UV-Vis,
Lambda 265, USA), Laser particle sizer (Fritsch
Analysette 22), and TA Instruments TGA Q50
thermogravimetric analyzer.
Procedure
Preparation of leaf extract

Fresh pineapple leaf was washed and chopped. The
leaf was then dried at room temperature and extracted
with distilled water. Next, 10 g of the dried leaf was
added with 200 mL of distilled water and boiled at 60 °C
for 1 h. The mixture was then filtered with no.1
Whatman filter paper. The filtrate was collected and
kept at 4 °C and was further used to synthesize the silver
nanoparticles.
Synthesis of silver nanoparticles using the pineapple
leaf extract

The filtrate (5 mL) of pineapple leaf extract was
added to 50 mL of 1 mM, 2 mM, and 3 mM aqueous
solution of AgNO3. The solution was heated at 70 °C for
30 min, and the color change was observed. Afterward,
the solution was stirred for 4, 8, 24, 28, and 30 h,
respectively, at a speed of 800 rpm to complete the
nanoparticle formation. The sample was taken for UVVisible and particle size analysis.
Stability of particle size distribution in silver
nanoparticles (AgNPs) solution

Stability of Particle Size Distribution in Silver
Nanoparticles (AgNPs) solution: The 1 mM solution of
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synthesized AgNPs was stored at the period of 3, 7, 9, 14,
21, and 30 days. At the range of the periods, the
distribution of particle size was measured by particle size
analysis equipment.
Preparation of AgNPs-D (diatomite, which loaded by
AgNPs)

Diatomite was processed to enhance the surface area
and total pore volume by the calcination process at 400 °C
for 2 h. The diatomite was added to the silver nanoparticles
solution at room temperature. It stirred continuously for
8 h to complete the adsorption of AgNPs into the diatomite
pores. The mixture was heated at 60 °C for 24 h to remove
the solvents, and AgNPs-D powder was obtained.
■

RESULTS AND DISCUSSION

The Phytochemical Compound in Pineapple Leaf
Extracts for AgNPs Formation

Collecting the phytochemical compound, such as
secondary metabolite in pineapple leaf extract, is carried
out by the extraction process in distilled water. Before
processing, the pineapple leaves were dried at room
temperature. The drying process aims to reduce the
presence of water. The reduced water content will create
more space for the solvent to penetrate the cells and
increase the secondary metabolites extracted from the
leaves [33]. Pineapple leaf extract contains secondary
metabolites include 13 types of phenolic constituents.
There are five major phenolic compounds: cafeic acid, pcoumaric
acid,
1-O-caffeoylgycerol,
1-Ocoumaroylglycerol,
and
1,3-O-dicaffeoylglycerol
(ananasate) [34-36]. The secondary metabolites of leaf
extract play an essential role in reducing and capping
silver nanoparticle formation. Carbonyl and hydroxyl
functional groups found in the pineapple leaf extract
forces the reduction process. The groups as a reduction
agent and stabilize the nanoparticles by preventing
aggregation [37]. The reduction and stabilization process
occurs in one single step:
AgNO3 → Ag + + NO3−

Ag + + Leaf extracts → Ag 0

Illustration of reduction and stabilization of silver
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nanoparticles by the phytochemical compound in
pineapple leaf extract shown in Fig. 1. The nanoparticle
formation occurred in 3 steps. The steps are reduction,
nucleation, and crystal growth. Reduction occurs
because the carbonyl and hydroxyl groups have a higher
redox potential than other groups and become the
electron source that transfers to metal [38]. The
reduction process causes the beginning of crystal
nanoparticle formation (nucleation). During the process
of crystal formation completed, the carbonyl and
hydroxyl will stabilize the nanoparticle crystals formed.
UV-Visible Spectroscopy

The formation of silver nanoparticles was detected
by UV-Visible Spectroscopy analysis shown in Fig. 2.
The characteristic plasmon band for silver nanoparticle
formation was ranging between 440–460 nm (a). The
peak appears due to the reduction of Ag+ to Ag0, the
nucleation process, and the complete crystal growth
process. Completing the crystal growth process is
characterized by a change in the AgNO3 solution color
of the reddish-brown [39]. The color change is caused by
the excitation process and changes in electronic energy
on the surface plasmon band vibrations due to silver
nanoparticle formation. In general, free electrons in
metals vibrate after being exposed to UV light. Electron
vibrations resonate with light waves, resulting in the
highest absorption characteristic at the peak of 425 nm.
Particle Size Analysis

In this study, the synthesis of AgNPs involves the
heating process at a temperature of 70 °C for 30 min. The
heat treatment affects the formation and average diameter
of AgNPs. According to research conducted by Hongyu
Liu et al. (2020), the particle size of AgNPs is smaller at
the temperature of 70 °C than between 75–90 °C [40]. A
static laser light scattering technique conducted
distribution and particle size measurement. The method
can cover a particle measuring range from approximately
ten nanometers up to a few millimeters. The particle size
distribution of the AgNPs in the variation of
concentration and stirring time is shown in Table 1.
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Fig 1. Illustration of silver nanoparticle formation and stabilization by the phytochemical compounds in the pineapple
leaf extract
Table 1 shown that heat treatment and stirring time
also affect the particle size and distribution of
nanoparticles [41]. For AgNPs 1 mM, the variation of
stirring time of 4, 8, 16, and 24 h affected the percentage,

Saprini Hamdiani and Yeng-Fong Shih

mean, and median values of AgNPs. At 16 and 24 h, the
nanoparticle formation percentages were 99.5% and
99.8%. The smallest mean and median values were
obtained during the stirring process for 24 h. At the
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higher AgNPs concentrations (2 and 3 mM), the longer
stirring times of 28 and 30 h were required for AgNPs
formation. The histogram of the particle size distribution
is shown in Fig. 3.

This can be seen from the darker color of the solution and
the formation of black deposits in the AgNPs solution

Stability of Particle Size Distribution of AgNPs
Solution

The stability of AgNPs in the solution was
determined by measuring changes in particle size with
different storage times. The stabilities of the AgNPs in the
leaf extract lasted in 7 days. At the storage time of 9, 14,
21, and 30 days, the particle sizes of AgNPs became more
than 100 nm. The increase of nanoparticle sizes in
solution, influenced by pH, ionic strength, the formation
of Ag2O, and electrolyte type [42]. In the synthesis of
nanoparticles using leaf extracts, a longer storage time will
increase the amount of Ag+ species. The Ag+ ion released
then forms a black precipitate which is most likely Ag2O.

Fig 2. UV-Visible spectra of: (a) AgNPs, (b) Pineapple
leaf extract, (c) AgNO3 solution

Table 1. The particle size distribution of silver nanoparticle in variation AgNO3 concentration and stirring time
[AgNO3]
(mM)
1

T (°C)
70

Total stirring
time (h)
4

1

70

8

1

70

16

1

70

24

2

70

4

2

70

28

3

70

4

3

70

30
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Particle size
(nm)
< 100
101–200
> 300
< 100
101–200
> 300
< 100
101–200
> 300
< 100
101–200
300
< 100
101–200
>300
< 100
101–200
> 300
< 100
101–200
> 300
< 100
101–200
> 300

%
89.1
7.2
3.7
93.4
4.3
2.3
99.5
0.2
0.3
99.8
0.2
0
83.6
9.0
7.4
98.3
1.1
0.6
0.3
17.8
81.9
99.4
0.4
0.2

Mean
(nm)
350

Median
(nm)
50

300

30

100

20

30

20

92

50

70

30

11730

641

50

20
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Fig 3. Histogram of the particle size distribution in (a) 1 mM AgNPs, stirred for 4 h and (b) 24 h, (c) 2 mM AgNPs,
stirred for 4 h and (d) 28 h, (e) 3 mM AgNPs, stirred for 4 h and (f) 30 h
stored for more than 7 days. The formation of Ag2O
increases the particle sizes of nanoparticles [43]. The
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formation of the darker color of the solution is shown in
Fig. 4. The particle size distribution of the AgNPs 1 mM
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Fig 4. AgNPs solution after (a) 24 h and (b) 30 days
with variations in storage time is shown in Table 2 and
Fig. 5.
FTIR Spectroscopy for AgNPs

Fig. 6. exhibits FTIR spectra of pineapple leaf extract
(a) shows the broad peak at 3369 cm–1 could be assigned
to O–H stretch, while the peaks at 2972, 1375, and 1218
cm–1 could be attributed to C–H stretching vibration. The
peak at 1375 and 1218 cm–1 could be identified as –C–O
single bond absorption. The adsorption band at 1722 and
1641 cm–1 could be identified as –C=O carbonyl and –
C=C stretching of the cyclic aromatic ring. These peaks

correspond to the functional groups of five major
compounds found in the pineapple leaf extract. Fig. 6(b)
showed the spectra of the AgNPs. The shift in
wavenumbers for the functional groups –OH, –C=O
and the increase in the –C–O groups transmittance
because these functional groups affect the reduction and
stabilization processes in forming AgNPs. The presence
of the AgNPs influenced the additional peaks at 1596,
1039, and 770 cm–1 [44-46]. A few characteristic peaks of
pineapple leaf extract were exhibited in AgNPs. The
work observed that AgNPs still contain organic material
from pineapple leaf extract.
Silver Nanoparticles Loaded on Diatomite (AgNPsD)

An adsorption process carried out the loaded
process of AgNPs into the diatomite pore. Diatomite was
heated at 400 °C for 2 h to maximize the adsorption of
AgNPs. According to research by Shih et al. (2020), the
heating process to diatomite waste at 400 °C increases
the surface area and pore volume [47]. The percentage of
AgNPs loaded into the diatomite pore was measured using
a gravimetric technique. The technique is based on the
weighing process before and after adsorption to determine

Table 2. The particle size of 1 mM of AgNPs in the storage time variation
No.
1

Storage time (day)
3

2

7

3

9

4

14

5

21

6

30
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Particle size (nm)
< 100
101–200
> 100
< 100
101–200
> 100
< 100
101–200
> 100
< 100
101–200
> 100
< 100
101–200
> 100
< 100
101–200
> 100

%
99.8
0.2
99.8
0.2
100
100
100
100

Mean
30.0 nm

Median
20.0 nm

30.0 nm

20.0 nm

5.36 µm

5.34 µm

377.4 µm

373.4 µm

534.3 µm

532.5 µm

754.8 µm

746.69 µm
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Fig 5. Histogram of the particle size distribution of 1 mM AgNPs stored for (a) 3, (b) 7, (c) 9, (d) 14, (e) 21, and (f) 30
days
the amount of AgNPs loaded into the diatomite pores.
In this study, as much as 1 wt.% of silver
nanoparticles were loaded into the diatomite pores. Based
on the gravimetric analysis, the initial weight of diatomite
(wo) was 0.8692 g. The adsorption of AgNPs into
diatomite pores produces AgNPs-D. The AgNPs-D
composite was then dried and heated at 200 °C. The
drying and heating process of AgNPs-D composites
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resulted in the final weight (wf) = 0.8792 g. The weight
increased of AgNPs-D was 1 wt.%, indicating that 1% of
AgNPs was successfully loaded in the diatomite pores.
The loading of AgNPs into the diatomite pores was also
evidenced by the change in the diatomite color from
white to reddish-brown (the characteristic color of
AgNPs), as shown in Fig. 7. FTIR spectra of diatomite
and AgNPs-D are demonstrated in Fig.8.
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Fig 6. FTIR spectra of (a) pineapple leaf extract and (b) AgNPs

Fig 7. (a) Diatomite, (b) AgNPs-D composite
Fig. 8(b) shows the FTIR spectra for AgNPs-D. The
characteristic peaks indicated the loaded AgNPs into the
diatomite pores are observed at 1740 and 1366 cm–1,
attributable to the -C=O groups and C–H stretching
vibration. This absorption indicates that the AgNPs
loaded into the diatomite pores still contain organic
compounds from pineapple leaf extract. The wavenumber
shifts for the Si–O–Si and Si–O groups from 1088 to 1090
cm–1 and 803 to 799 cm–1 caused by the entry of AgNPs
into the diatomite pores.
Thermal Analysis of Diatomite and AgNPs-D

Diatomite is a potential filler to enhance the thermal
properties of the composite material. Thermal analysis
(TGA) was performed to determine the effect of AgNPs
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on the thermal resistance of AgNPs-D. TGA
thermogram of D and AgNPs-D are shown in Fig. 9. The
remaining material measured by thermal analysis for D
and AgNPs-D were 98.22 and 95.74%, respectively. The
organic compounds in AgNPs cause the remaining
material to be reduced compared to D. The insertion of
AgNPs to D was successfully proved by the organic
compound found in AgNPs-D. In D and AgNPs-D
material, weight loss occurs in the range of 100–580 °C.
At a temperature of 100-200 °C, the decrease in weight
due to the loss of water molecules. In the next phase, the
reduction in the weight percentage of D and AgNPs-D
occurred at temperatures of 141–430 °C and 142–450 °C.
The decrease was caused by the decomposition of
organic matter. Based on Kristl (2015), organic matter

Indones. J. Chem., 2021, 21 (3), 740 - 752

749

Fig 8. FTIR spectra of (a) Diatomite and (b) AgNPs-D

Fig 9. TGA Thermogram of (a) D, (b) AgNPs-D
decomposition will begin at a temperature of 180–450 °C
[48]. Besides, the weight loss percentage is not caused by
the breakdown of diatomites minerals because the process
takes place at temperatures above 650 °C [49].
■

CONCLUSION

Research has been conducted on developing a green
method to prepare AgNPs from pineapple leaf extract
loaded on diatomite pores. The results showed that the
pineapple leaf extract plays an essential role in converting
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the 99.8% AgNO3 solution into AgNPs. The size
distribution of the AgNPs was affected by the
temperature and the total stirring time. The smallest
mean and median values for AgNPs 1 mM were 30 and
20 nm, obtained after the stirring time for 24 h. The
stability of the AgNPs solution lasts for seven days. The
particle size was more than 100 nm after seven days of
storage. After one month of storage, the particle size was
recorded as 754.8 µm (mean) and 746.69 µm (median).
The successful loading of AgNPs into D exhibited by
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gravimetric techniques, as much as 1 wt.% of AgNPs, was
loaded into diatomite pores. The diatomite changes color
to reddish-brown. The appearance of the peak for –C=O
and –C–O– groups at 1719 and 1375 cm–1 indicates that
AgNPs still contain organic compounds from pineapple leaf
extract. The TGA analysis showed that the residual material
D and AgNPs-D were 98.22% and 95.74% at 580 °C. The
AgNPs loaded to diatomite pores will improve the
performance of the material as an antibacterial agent. The
properties will expand the applications of AgNPs-D
composites in the biomedical and industrial fields.
■
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