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Abstract

The objective of this study was to investigate the structure and antibacterial activity of silver
nanoparticles (AgNPs) synthesized from the petioles and leaves of Manihot esculenta Crantz L. using hot
water extraction (PMH and LMH extract, respectively). Optimal synthesis of AgNPs was criticized from UV-vis
absorption spectra. For AgNPs synthesized from PMH extract (AgPMH), the synthesis was carried out by
addition of 2 mg/mL of the PMH extract pH 12.0 with 4 mM silver nitrate solution in a 2:8 (v/v) ratio at a
temperature of 60 °C for 120 min. For AgNPs synthesized from LMH extract (AgLMH), the synthesis was
carried by the addition 2 mg/mL of LMH extract pH 10.0 with 4 mM silver nitrate solution in 2:8 (v/v) ratio
at temperature 80 °C for 120 min. The change of Fourier-transform infrared (FTIR) spectra indicated that the
AgNPs of both extracts were synthesized. Transmission electron microscopy (TEM) analysis revealed that the
synthesized nanoparticles were within 15.27 to 95.58 nm in size for AgPMH and 3.98 to 23.23 nm for AgLMH.
X-ray diffraction (XRD) results showed that nanoparticle formed were crystalline with face centered cubic

geometry. Both synthesized AgNPs did not show activity against Escherichia coli and Bacillus cereus.
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Introduction

There are a lot of methods for the synthesis of silver nanoparticles such as chemical and green
synthesis. Compared to chemical methods, the green synthesis is an inexpensive, eco-friendly, easier
alternative approach and less hazardous. The chemical method requires external stabilizer agent to protect
nanoparticles from aggregation and reducing agents to reduce Ag* to Ag” to synthesize silver nanoparticles

such as sodium borohydrate and sodium citrate. Plant extracts can act as both reducing and stabilizing
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agents for metal nanoparticles [1]. Generally, organic substances in plant such as primary and secondary
metabolites are able to reduce metal ions into nanoparticles and stabilize those of synthesized particles
[2]. However, the properties of metallic nanoparticles synthesized through green methods are significantly
influenced by the specific part of the plant utilized, because of the diverse phytochemical
compositions’ present [3]. Numerous variables including the concentration, pH, duration of incubation, and
temperature of the plant extract effected to the formation of metal ions into nanoparticles and to regulate
their size have documented [4].

Silver nanoparticles (AgNPs) have demonstrated highly antibacterial action against multiple Gram-
positive and Gram-negative bacteria [5]. The stability of the product formed is a significant factor in the final
antibacterial activity, along with the size and charge of the nanoparticles [6]. The bactericidal and
bacteriostatic capacity of nanoparticles between 5 and 100 nm was evaluated against Gram-negative and
Gram-positive bacteria [7]. The electrostatic attraction between AgNPs and negatively charged bacterial cells
is crucial to their antibacterial effectiveness, and it is controlled by both AgNPs' and microorganisms' charges
[8]. If AgNPs are unstable, they will tend to aggregate and form larger particles leading to lower antibacterial
activity [6]. Interestingly, the highest uptake and translocation of silver (Ag) was observed in leaf extract [9],
which has shown an antimicrobial activity. Ajitha et al. [10] prepared AgNPs using Plectranthus
amboinicus \eaf extract. The morphology of the nanoparticles showed the formation of nearly spherical
nanoparticles which showed effective antibacterial capacity against Escherichia coli and Penicillium spp. The

biosynthesis of AgNPs was conducted using the leaf extract of plant Protium serratum. The potential

antibacterial activity of AgNPs (size 74.5610.46 nm) was studied against the food borne pathogens such as
Pseudomonas aeruginosa, E. coli and Bacillus subtilis [11]. The leaf aqueous extract of Jatropha curcas
was used for the synthesis of AgNPs. The TEM analysis clearly showed variation in particle shape and size
(20-50nm). While majority of the nanoparticles were spherical, some showed irregular shapes and edges.
Which showed against E. coli, Staphylococcus aureus, and Salmonella enterica [12].

Manihot esculenta Crantz L. also called cassava is an economic crop of in Thailand. The leaf is not
well known to serve as a major source of vegetable. Thus, it is often discarded as waste after harvesting the
tubers [13]. Cassava leaves contain phytochemicals such as alkaloids [14], flavonoids [14-16], phenolic
compounds [14, 16], tannins [14] and saponins [14] that may have the capability of capping and reducing
the nanoparticles [17] for towards a potential commercial scale. Cassava leaves have the ability to against
S. epidermidis and Propionibacterium acnes [15]. Velayutham et al. [18] reported that AgNPs synthesis using
leaf aqueous extract of cassava against two important mosquito species, Aedes aegypti and Culex
quinquefasciatus. However, there has never been a report on the synthesis of AgNPs from cassava leaves
for inhibiting bacteria. The objective of this work was to investigate the structure-activity relationship of
green-synthesized AgNPs, derived from the petiole (PMH) and leaves (LMH) of Manihot esculenta Crantz L.

through hot water extraction, with respect to their antibacterial properties.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/penicillium
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Materials and Methods
1. Preparation of Manihot esculenta Crantz L.

Manihot esculenta Crantz L. Leaves were collected from agricultural lands at Huai Jot Subdistrict
in Wattana Nakorn District, Sa Kaeo Province. A young and mature leaf was selected in each tree from
cassava aged between 10 and 12 months in October to December 2023.

Petiole and leaf were separated and washed several times in water to remove dirt. These were
cut into small pieces and then dried using a hot air oven at 50°C for 2 days. The dried pieces were mashed.
Petiole and leaf were extracted by distilled water at 80°C for 1 h. The extraction liquid parts were filtrated,
concentrated, and kept at 4°C. The extract from hot water extraction was called petiole of M. esculenta
hot water extract (PMH) and leaf of M. esculenta hot water extract (LMH).

2. Synthesis of silver nanoparticles

Optimization of silver nanoparticles (AgNPs) production under different reaction conditions includes
variations in pH (pH 5-12), silver nitrate concentrations (0.5, 1.0, 2.0 and 4.0 mM), extract concentrations
(0.25, 0.5, 1.0 and 2 mg/ml), ratios of extract and silver nitrate (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 v/v),
temperature (40, 50, 60, 70 and 80°C) and time interval (0, 30, 60, 90, 120, 150, 180, 210, 240, 360 and
480 min), respectively. While optimizing each parameter, the other parameters remain stable. All reactions
were conducted in a dark environment to prevent the photoactivation of the mixture. Each experiment was
carried out at least in triplicate. The AgNPs synthesis was monitored by recording UV-vis spectra
(A 300 - 600 nm) using a NanoDrop 2000 C spectrophotometer (Thermo Fischer, USA).

The AgNPs was isolated from the optimized mixture as follows. The obtained reaction mixture was
centrifuged at 10,000 X ¢ for 15 min. The pellet was purified using deionized water and washed repeatedly
to ensure better separation of free entities from the AgNPs. The obtained AgNPs were lyophilized and used
for further characterization and its antibacterial activity.

3. Characterization of AgNPs

Fourier transform infrared spectroscopy (Bruker Tensor 27 FT-IR spectrometer) spectra of the AgNPs
were recorded in the diffuse reflectance mode at a resolution of 4 particles cm™, then were analyzed with
Optical User Software (OPUS) 7.5 (Bruker Optics Ltd, Ettlingen, Germany). XRD analysis of AgNPs was carried
out by EMPYREAN model, PANalytical instrument (45 kV, 40 mA) using CuKQL radiation with A of 1.5406 A
and a nickel monochromator filtering wave operating at a tube voltage of 45 kV and a tube current of
40 mA. The scanning was performed in the 20 range of 5°- 90° at step size 0.02 degree with a time constant
of 30 s/step. Moreover, the morphologies, crystalline natures, and size distributions of the AgNPs were
determined using Transmission electron microscopy (TEM) and Image J program. The results were expressed
as mean + standard deviation.

4. The disc diffusion method

The antimicrobial susceptibility of AgNPs was evaluated using the disc diffusion. This method was

performed in Mueller Hinton Agar (MHA). Silver nanoparticles of 800 pg/mL and the extract (PMH or LMH)

of 10 mg/mL were filtered with a 0.2 uM syringe filter. Ten microliters of AgNPs and extracts were dropped
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onto the sterile dish, and was placed on E. coli and B. cereus cultured agar plate, were then incubated for

24 h at 37°C and inhibition zone was monitored.

Results and Discussion

The change in the color of reaction mixture to dark brown after mixing a plant extract and silver
nitrate is a general characteristic of silver nanoparticle biosynthesis [19]. The formation of AgNPs was
observed using UV-visible spectroscopy. Figure la—-f and Figure 2a-f shows the absorption spectra in the
AgNPs synthesized under different reaction parameters such as pH, silver nitrate concentrations (AgNOs),
extract concentrations, ratios of extract and silver nitrate, temperature, and time of PMH extract and LMH
extract, respectively. The first factor considered was pH; variations of pH 5-12 mixed with the extract at
concentration of 1 mg/mL and silver nitrate concentration of 2 mM in a 1:1 ratio was incubated at room
temperature for 1 h. The pH of the solution primarily affects the surface charge of phytochemical functional
groups [20] of PMH and LMH extract. At acidic pH did not show the characteristic peak for the AgNPs synthesis
using both PMH and LMH extracts. The alkaline pH 11-12 has exhibited peak for the AgNPs synthesis from
PMH extract (AgPMH). The maximum absorption was determined at pH 12 as shown in Figure 1a, AgNPs in
colloidal solutions display maximum absorption in the A 350-500 nm range. The alkaline pH 8-12 has
exhibited peak for the AgNPs synthesis from LMH extract (AgLMH). The maximum absorption was determined
at pH 10 as shown in Figure 2a, AgNPs display maximum absorption in the A 350-475 nm range. AgNPs
synthesis occurs only at strongly alkaline conditions may be due to deposition of hydroxides on AgNPs [21].
The second factor considered was concentration of silver nitrate, the PMH concentration of 1 mg/mL at
pH 12 or the LMH concentration of 1 mg/mL at pH 10 mixed with various AgNO; concentrations in a 1:1
ratio incubated at room temperature for 1 h. The peak absorbance persistently increased with increase in
concentrations from 0.5 to 4.0 mM, representing the parallel relationship with the metal ion concentration
of the AgPMH and AgLMH (Figure 1b and Figure 2b). Liagat et al. [22] reported that the optimum
concentration of AgNO; was 1mM because the shifting of the surface plasmon resonance (SPR) peaks of
AgNPs at a high concentration of AgNO; (2 mM) indicated this was unsuitable for the synthesis of AgNPs.
The UV spectrum exhibits the highest peak at an AgNO; concentration of 6 mM, indicating optimal synthesis
conditions. Moreover, an increase in Ag+ does not alter the position of the SPR peak within a concentration
range of 4-8 mM AgNOs [23]. In addition, the position and width of the peaks also change, indicating that
the higher AgNO; concentration does affect the size and morphology of AgNPs. For this reason, AgNO;
concentration of 4 mM was selected to further study.

The third factor to evaluate the effect of plant extract concentrations (0.25-2 mg/mL) was mixed
with 4 mM AgNOs at a pH of 12 for PMH or at a pH of 10 for LMH in a 1:1 ratio and room temperature for
1 h. The increase in the concentration of the leaf extract will also increase the absorbance intensity.
This result may be due to an increase the number of bio-compounds requiring to reduce Ag* to Ag°® [23].
The intensities of absorbance maximums increased with an increase in the concentrations of extract from
0.25 to 2.0 mg/mL of PMH (Figure 1c), and from 1.0 to 2.0 mg/mL of LMH (Figure 2c). We got a maximum
yield and decreased width of the peaks with 2.0 mg/mL of both PMH and LMH extract concentrations.
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Figure 1 UV-vis absorption spectra of optimizing parameters to produce AgNPs with different pHs (a),
concentrations of silver nitrate (AgNO3) (b), concentrations of PMH (c), ratios of extract and silver nitrate (d),

temperature (e) and time (f).

The fourth factor was the ratio of the extract concentrations of 2.0 mg/mL (pH 12 of PMH, pH 10
of LMH) and 4 mM AgNO; with different ratios and incubated at room temperature for 1 h. Which was
altered to investigate the optimum composition to maximize of the AgNPs. In general, intensities of
absorbance increased with in extract from 10 to 50%, whereas absorbance decreased with a decrease in
extract from 60 to 10% [24]. For the PMH extract, the highest absorbance with a comparatively narrow peak
was observed when both reactants were used in 2:8 (v/v) ratio (Figure 1d). However, for the LMH extract,
the highest absorbance with a comparatively broad peak was observed when both reactants were used in
2:8 (v/v) ratio (Figure 2d). Ali et al. [24] reported that the highest absorbance with a comparatively narrow
peak was observed when both reactants were used in 1:1 (v/v) ratio of plant extract and AgNOs. The shapes
of the absorption peaks remain changed for AgNPs using PMH and LMH synthesis, indicating that the reaction
ratio of plant extract with AgNO5 does affect the size and morphology of AgNPs.
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The fifth factor was various temperature. Both of 2 mg/mL of PMH at pH 12 and 2 mg/mL of LMH

at pH 10 were mixed with 2 mM AgNO; in a 2:8 ratio at different temperatures for 1 h. The peaks were found

in the range of 350-475 nm for AgNPs synthesized at 40-70°C using PMH extract. The highest absorbance

peak was observed when temperature was used in 60°C (Figure 1e). The rise in temperature not only

decreased the absorbance but also shifted the }\max [23]. Under identical conditions, a temperature of 40-

60°C yields decreased a more intense peak than synthesis at room temperature, suggesting the generation

of a smaller amount of AgNPs. However, a temperature of 40-60°C shown smoot peak more than synthesis

at room temperature. Ni et al. [20] reported a temperature of 90°C yields a more intense SPR peak than

synthesis at room temperature, suggesting the generation of a larger amount of AgNPs. By the way, peaks

were found in the range of 350-475 nm for silver nanoparticles synthesized at 40-80°C using LMH extract.

The highest absorbance peak was observed when temperature was used in 80°C (Figure 2e).
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Figure 2 UV-vis absorption spectra of optimizing parameters to produce AgNPs with different pHs (a),

concentration of silver nitrate (AgNOs) (b), concentration of LMH (c), ratios of extract and silver nitrate (d),

temperature (e) and time (f).
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Increase in temperature from 25°C to 75°C resulted in an increase in the absorbance, indicating an increased
synthesis rate of AgNPs [23]. Under identical conditions, a temperature of 80°C yields a similar synthesis at
room temperature but a narrower peak than synthesis at room temperature. The position and width of the
peaks also change, indicating that the temperature does affect the size and morphology of AgNPs. The sixth
factor was the time required for the completion of the reaction: 2 mg/mL of PMH pH 12 or LMH pH 10
mixed with 4 mM AgNO; in a 2:8 ratio incubated at 60°C for PMH and at 80°C for LMH with different times.

As the duration of reaction increases, more silver nanoparticles are formed within 30 min and it
continued turning darker with time. Time-course analysis of UV-vis data of plant extract:AgNOs (1:1 v/v)
mixture showed accumulation of AgNPs within an hour of the reaction start time [23]. The results shown in
Figure 1f and Figure 2f demonstrate that the synthesis of AgNPs is completed within 120 min. With increasing
reaction time, the nucleation of NPs occurs at a slower rate. The shapes of the absorption peaks remain
unchanged for AgNPs using PMH synthesis, indicating that the reaction time does not affect the size and
morphology of AgNPs that correlated with previously reported [20]. However, the shapes of the absorption
peaks remain changed for AgNPs using LMH synthesis, indicating that the reaction time does affect the size
and morphology of AgNPs.

FTIR spectra of AgNO;, PMH extract, LMH extract and synthesized AgNPs are shown in Figure 3.
In AgNOs, the peaks are observed at 808, 1034, 1280 and 1624 cm™’. In PMH extract, the peaks are observed
at 920, 989, 1047, 1407 and 1594 cm™. After reaction with AgNOs, the peaks are shifted, such as 992, 1350
and 1559 cm™. In LMH extract, the peaks are observed at 1032, 1392 and 1599 cm™. After reaction with
AgNO;,, the peaks are shifted, such as 1047, 1375 and 1579 cm™, respectively. The FTIR spectra of PMH and
LMH extract shows the peaks at 1047 and 1032 cm™, respectively. These correspond to the position of
sapogenin linked with oligosaccharides, consistent with the presence of saponin compounds as components
in the extract. The FTIR spectra of saponin shows the peaks at 1076 cm™ (C-O-C stretching of glycoside
linkage of oligosaccharide to sapogenin) [25]. Oligosaccharide linkage absorptions to sapogenins (C-O-C) were
at 1074 cm™! and between 1045 cm™ to 1046 cm™. This result was similar with previous works, the C-O-C
absorbance was observed at ~1034.78 cm ™' and 1033.22 cm™ in the water extracts of Sapindus rarak and
Litsea glutinosa, respectively [26]. In addition, In PMH extract, the peaks are observed at 920, 989, 1047,
1407 and 1594 cm™ while the LMH extract the peaks are observed at 1032, 1392, and 1599 cm™. These
results may be due to the vibration of polysaccharide compounds in the PMH and LMH extracts, which are
the absorption regions of polysaccharides: region Il in the range of 1800-1500 cm™, region Il in the range of
1500-1200 cm™, and region IV in the range of 1200-800 cm™ [27]. Therefore, when synthesized into AgNPs,

the peaks are similar to the extract samples and resemble the AgNO.
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Figure 3 FTIR spectra of AgNO;, PMH extract and AgPMH synthesized at optimum parameters (a), LMH
extract and AgLMH synthesized at optimum parameters (b).

The sizes and shapes of AgNPs were analyzed using TEM. The shape of A¢PMH was spherical and
oval-like spherical with an average size of 15.27-95.58 nm (40.46 + 13.49 nm) with aggregation (Figure 4).
The shape of the AgLMH was in spherical and oval like spherical with an average size of 3.98-23.23 nm
(10.16+2.8 nm) with little aggregation (Figure 5). The diameters of AgNPs produced by M. esculenta ranged
from 13 to 38 nm, with an average of 23.0 nm [28]. The higher content of OH- species in the basic condition
may facilitate the deprotonation of -COOH groups to -COO-, allowing the adsorption of Ag* ions by
electrostatic attraction or affinity interaction [29]. Basic pH generally formed AgNPs with smaller and narrower
size distribution [29]. As a result, the formation of AgLMH will most likely occur in more small size and
distribution than AgPMH. Nevertheless, the increasing particle size and narrower size distribution was
proportionally affected by the increasing pH since the pattern observed was fluctuating in AgPMH. Small
spherical particles are obtained at high pH values. However, in certain experimental scenarios described in
the literature, higher pH levels have resulted in size growth, particle aggregation, and reduced synthesis rates

of AgNPs [30] The size of the synthesized silver particles increases with the rising concentration of AgNOs.
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Figure 4 Transmission electron microscopy (TEM) images of AgNPs synthesized with PMH extract,

at 100 nm (a), 50 nm (b) and particle distribution size (c).

The variation of AgNO,; concentration (0.5, 1, 2, 4, 6, 8, and 10 mM) were investigated to
synthesize AgNPs with using aqueous leaf extract of Ziziphus spina-Christi, indicates an increase in the size
of particles (25-42 nm) as confirmed by TEM [31]. In addition, the plant extract concentration used also
plays important role in the conversion of Ag* to Ag®. This deviation in particle size clearly suggests that at
higher plant extract concentration, there is more presence of reducing agents present in the extract
compared to reactant which tends to increase the particle size upon longer exposure duration [32]. In our
studly, it was used in a 2:8 (v/v) ratio of the extract concentration 2.0 mg/mL and silver nitrate concentration
4 mM. This suggests that small amounts of the extract can reduce silver ions, but do not protect most of
the quasi-spherical nanoparticles from aggregation because of the deficiency of biomolecules to act as
protecting agents. However, the biomolecules function as reducing agents and cap the nanoparticle surfaces
at higher extract concentrations, preventing them from aggregation [33]. Moreover, a change in particle size
was observed when higher concentrated AgNO; was used [34-35]. An average particle size of 33 nm at 50°C,
29 nm at 70°C, and 26 nm at 90°C, particle sizes was decreased with increasing temperature [36]. The TEM
results indicate that the samples obtained over a longer period retained a narrower particle size distribution;

the average size of all prepared Ag-NPs was less than 20 nm [37].
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Figure 5 Transmission electron microscopy (TEM) images of AgNPs synthesized with LMH extract,

at 100 nm (a), 50 nm (b) and particle distribution size (c).
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Figure 6 XRD patterns of the AgNPs synthesized at optimum parameters
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Figure 6 shows the XRD pattern of silver nanoparticles. Figure 6a is apparent that characteristic

diffraction peaks at (111), (200), (220) and (311) in 20 corresponds to lattices of (38.03°), (44.28°), (65.33°)
and (77.31°), respectively. These peaks and planes of reflections are matched with the ICDD (International
Centre for Difraction Data) PDF (Powder Difraction File) 04-0783 for Ag [35]. A similar result was observed by
Anandalakshmi et al. [23], who identified crystalline peaks 38.11, 44.22, 64.45 and 77.40 corresponding to
the (111), (200), (220) and (311) planes, respectively. The typical pattern of green-synthesized AgNPs is found

to possess a face-centered cubic (FCC) structure [23]. Figure 6b is apparent that characteristic diffraction

peaks at (111) in 20 corresponds to lattices of (38.21°). Raja et al. [38] reported that the XRD patterns of
tannin-silver nanoparticles show a sharp peak at 38°, which corresponds to the peak at (111) of the cubic
silver structures within experimental error. Due to the product's low silver nanoparticle concentration, only
one or two peaks are visible [38].

AgNPs, PMH and LMH extracts have been shown to be not effective against E. coli and B. cereus
(Figure 7). On the other hand, fresh and dried (M. esculenta) leaf extract was added with varying
concentrations of 5%, 10%, 20% and 30% ethanol. These extracts have shown to be effective against E. coli
[39]. AeNPs synthesized using M. esculenta, can act as an antibacterial agent against £. coli and B. cereus
[28]. The antibacterial activity was significantly reliant on size, relation attributed to the larger surface area
of the smaller nanoparticles, available to direct contact with the bacterial cell [7]. If the synthesized AgNPs
have low stability, they will tend to aggregate and form bigger particles, and as has been shown,
nanoparticles with bigger sizes have lower antibacterial activity [6]. AgNPs were synthesized from the leaf
extract of Ginkgo biloba, exhibited a spherical morphology, uniform dispersion, and diameter ranging from

~8 to 9 nm which against both Gram-positive and Gram-negative strains at low AgNP concentrations [20].

Figure 7 Zones of inhibition of AgNPs, PMH and LMH extracts against £. coli (a and b) and

B. cereus (c and d).
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Thus, AgNPs was synthesized from using PMH and LMH not effective against E. coli and B. cereus
should be a cause of used high pH, high concentration of AgNO; high concentration of PMH, ratio of extract
with AgNO; temperature and time leading to increased particle sizes and not uniform dispersion unavailable

to contact with the bacterial cell.

Conclusion

In our study, the method for biological synthesis of silver nanoparticles by M. esculenta petiole
and leaf aqueous extracts was established. AgNPs synthesized from PMH extract (AgPMH) was carried out by
the addition of 2 mg/mL of the petiole extract pH 12.0 with 4 mM silver nitrate solution in a 2:8 (v/v) ratio
at a temperature of 60 °C for 120 min. For AgNPs synthesized from LMH (AgLMH) extract, synthesis was
carried by the addition 2 mg/mL of leaf extract pH 10.0 with 4 mM silver nitrate solution in 2:8 (v/v) ratio at
temperature 80 °C for 120 min. The change of FTIR spectra indicated that the silver nanoparticles of both
PMH and LMH were synthesized. TEM analysis revealed that the synthesized nanoparticles were within 15.27
to 95.58 nm in size for AgPMH with aggregation, and 3.98 to 23.23 nm for AgLMH with little aggregation.
XRD results showed that nanoparticles formed crystalline with face centered cubic geometry. This result
demonstrated that the silver nanoparticles obtained by extracts not effective against £. coli and B. cereus.
This biogenic process of synthesis AgNPs by using PMH and LMH extracts will be helpful for adjusting
methodologies for increase stability advantageous in against microorganisms. Moreover, another biological
function should be further studied. That will develop AgNPs for biomedical applications and the food
industry.
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