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Abstract. Mesona palustris  Bl. has considerable potential. Still, it has yet to be matched by 
its utilization in nanotechnology, especially nanoparticles (1-100 nm), which have superior 
physicochemical properties and activities. This laboratory study aims to determine the 
potential of of Mesona palustris Bl. leaf water extract as a bioreductant and capping agent 
in the biosynthesis of silver nanoparticles (AgNPs), as well as to evaluate the antioxidant 
activity of the synthesized AgNPs using the DPPH assay. The biosynthesis method produced 
optimum AgNPs with a ratio of 1% Mesona palustris Bl. leaf water extract, AgNO3, and 
dispersing medium 0.75:7:5 (v/v) synthesized for 60 minutes at 55°C. The maximum 
wavelength of AgNPs produced was 433 nm with an absorbance of 0.677. FT-IR 
spectrophotometric characterization showed that phenolic compounds in the Mesona 
palustris Bl. leaf water extract is thought to act as a bioreductors and capping agent in the 
synthesis of AgNPs. SEM results showed that the AgNPs were spherical. Meanwhile, the 
PSA test results showed the average size of AgNPs was 81 nm, and the polydispersity index 
was 0.323 (moderately polydispersed). The IC50 value of AgNPs synthesized with Mesona 
palustris Bl. leaf water extract against DPPH free radicals was 71.501 ± 1.347 μg/mL, which 
is included in the potent antioxidant and better than Mesona palustris Bl. leaf water extract. 

Keywords: antioxidant activity, leaf water extract, Mesona palustris Bl., silver 
nanoparticles (AgNPs)

INTRODUCTION 
Silver nanoparticles (AgNPs) are nanoscale particles of 
silver typically ranging from 1 to 100 nanometers in size. 
Due to their high surface area-to-volume ratio and 
unique physicochemical properties, AgNPs exhibit 
remarkable biological activities, including antimicrobial, 
antioxidant, and anti-inflammatory effects. These 
properties make them valuable in various fields such as 
medicine, food packaging, and environmental 
applications [1]. AgNPs can be synthesized through 
several approaches, such as physical, chemical, and 
biological or environmentally friendly approaches 
commonly known as green synthesis or biosynthesis [2]. 
The AgNPs synthesis method currently widely applied is 
biosynthesis using plant extract bioreduction. Secondary 
metabolites in plants, such as phenolic compounds, 
flavonoids, alkaloids, and so on, have good potential as 
bioreduction and capping agents in biosynthesis to 
produce AgNPs with good and stable characteristics [3]. 
Many studies have proven that the phytochemical 
content can act as a bioreduction and capping agent in 
the biosynthesis process of AgNPs such as dandelion leaf 
extract (Taraxacum officinale), ginseng root extract 
(Panax ginseng), perilla leaf extract (Perilla frutescens), 

and many more. The results showed that AgNPs have 
antimicrobial, antibacterial, antiviral, anti-cancer, and 
antioxidant activities [4], [5], [6]. 
Phytochemicals found in plants, especially phenolic 
compounds and flavonoids, have been widely recognized 
for their antioxidant activity, making plants a valuable 
natural source of antioxidant agents. [7]. Biosynthesis of 
silver nanoparticles (AgNPs) using plant extracts has 
gained significant attention due to its eco-friendly 
approach and the added biofunctional properties 
conferred by phytochemicals. Several studies have 
reported that AgNPs synthesized using plant-derived 
bioreducing and capping agents exhibit considerable 
antioxidant activity, which in some cases exceeds that of 
the original plant extract. This enhancement is believed 
to result from a synergistic interaction between the 
metallic nanoparticle core and surface-bound bioactive 
compounds. Notable examples include AgNPs 
synthesized using extracts from Achillea millefolium L., 
Citrus limon zest, and Morinda lucida leaves. [8], [9], 
[10]. A plant from the Lamiaceae family is one of the 
plants that can be used as a bioreduction and capping 
agent in the biosynthesis of AgNPs and has antioxidant 
activity [11]. 
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The Mesona palustris Bl. is one of the plants from the 
Lamiaceae family that is typical of Southeast Asia. 
Mesona palustris Bl., also known as ‘Janggelan’, are 
cultivated plant commodities with high development 
potential in various fields [12]. Mesona palustris Bl. has 
long been a traditional medicine [13]. Recent research 
reported that Mesona palustris Bl. leaf extract contains 
several phytochemical compounds, including phenolic 
compounds that can play a role in antioxidant activity, 
resulting in Mesona palustris Bl. leaf extract has good 
antioxidant activity [14]. The content of secondary 
metabolites possessed by Mesona palustris Bl. leaf 
makes this plant potential to be utilized as a bioreduction 
and capping agent in the synthesis of AgNPs, and the 
AgNPs produced later are also very likely to have high 
antioxidant activity. Based on the above description, this 
research aims to determine the total phenolic content of 
Mesona palustris Bl. leaf water extract biosynthesizes 
AgNPs with bioreductors and capping agents of Mesona 
palustris Bl. leaf water extract characterizes the resulting 
AgNPs and tests their antioxidant activity. 

METHODOLOGY 
Materials 
Mesona palustris Bl. leaf powder, gallic acid (Sigma 
G7384-100G), Folin-Ciocalteu reagent (Merck KGaA), 
Na2CO3 (EMSURE®, ISO), DI water (Deionised 
Water), AgNO3 (EMSURE® ACS, ISO, Reag. Ph Eur), 
DPPH (1,1-diphenyl-2-picrylhydrazyl) Sigma-Aldrich, 
methanol, and Vitamin C (Pharmaceutical grade). 

Methods 

Preparation of Mesona palustris Bl. leaf water extract 
The preparation of Mesona palustris Bl. leaf water 
extract as a reducing agent for the synthesis of AgNPs 
refers to previous research that has been modified [15]. 
The Mesona palustris Bl. leaf water extract was prepared 
with several concentrations, 0.5; 1.0; and 1.5% b/v using 
DI water as solvent that had been heated at 60℃ for 30 
minutes. The extract was cooled to room temperature and 
then filtered using filter paper. 

Determination of total phenol content of Mesona 
palustris Bl. leaf water extract  
A total of 0.2 mL of Mesona palustris Bl. leaf water 
extract and standards were each put in a cuvette, and 1 
mL of folin-ciocalteu reagent diluted with DI water (1:10 
v/v) was added and incubated for 5 minutes. Sodium 
carbonate 7.5% was added in each cuvette as much as 0.8 
mL and incubated for 30 minutes. The treatment was 
carried out according to all standards and samples [16].  

Preparation of AgNO3 solution 
The AgNO3 solution used as a precursor for the synthesis 
of AgNPs refers to previous research, AgNO3 solution 
with a concentration of 8 mM using DI water as a solvent 
[17].  

Synthesis of AgNPs 
Optimisation of AgNPs composition 
AgNPs composition optimization includes Mesona 
palustris Bl. leaf water extract concentration, extract 
volume, 8 mM AgNO3 volume, and dispersing medium 
volume (DI Water). The optimized component was 

created in three variations, while the other components 
remained fixed. The Mesona palustris Bl. leaf water 
extract concentration variations in extract concentration 
optimization were 0.5; 1.0; and 1.5%. Volume variations 
used in extract volume optimization were 0.50; 0.75; and 
1.0 mL. Volume variation used to optimize 8 mM 
AgNO3 volume was 6.0; 7.0; and 8.0 mL. The DI water 
volume variations used in the dispersing media volume 
optimization were 4.0; 5.0; and 6.0 mL. The mixture of 
each composition was ultrasonicated for 60 min at 55℃. 
The AgNPs solution was subsequently analyzed using 
UV-Vis spectrophotometry within the 300-600 nm 
wavelength range. 

Optimisation of AgNPs synthesis conditions  
The most optimal AgNPs composition was then 
optimized for the synthesis conditions, which included 
temperature and incubation time. The incubation 
temperatures of AgNPs synthesis observed in this study 
were 50, 55, and 60℃ with an incubation time of 60 
minutes at each temperature. The incubation times 
observed were 60, 80, and 100 minutes at the most 
optimal temperature. The solution of AgNPs was then 
analyzed using UV-Vis spectrophotometry at a 
wavelength range of 300-600 nm. 

Characterization of AgNPs 
Characterization of biosynthesized AgNPs was 
performed using a UV-Vis spectrophotometer, Fourier 
Transform Infrared (FT-IR) spectrophotometry, Particle 
Size Analyzer (PSA), and Scanning Electron 
Microscope (SEM). The biosynthesized AgNPs solution 
with the most optimum composition and conditions was 
characterized using UV-Vis spectrophotometry by 
scanning at a wavelength of 300-600 nm after scanning 
a blank containing DI water to see the difference in 
spectra formed [18].  The biosynthesized AgNPs in 
powder form were characterized by FTIR-ATR. The 
samples were placed on a plate with a controlled 
temperature environment and then analyzed at wave 
numbers 4000-400 cm-1 with a resolution of 4 cm-1 [19], 
[20]. PSA characterization of biosynthesized AgNPs was 
carried out by scanning the AgNPs solution on a PSA 
instrument so that particle size distribution data and PI 
(Polydispersity Index) values were obtained, which 
showed the homogeneity of the AgNPs particle size [15]. 
SEM characterization The biosynthesized AgNPs in 
powder form were characterized at a magnification of 
60,000x and a voltage acceleration of 5 kv to determine 
the shape and size of the AgNPs [21]. 

Antioxidant Activity Test 
Preparation of DPPH Solution, Positive Control, and 
Test Samples 
The antioxidant activity in this study was evaluated using 
the DPPH (1,1-diphenyl-2-picrylhydrazyl) assay. A 1.0 
mM DPPH solution was prepared using methanol as the 
solvent [22]. Vitamin C was used as the positive control, 
with an initial stock solution of 100 µg/mL prepared in 
methanol. This stock solution was subsequently diluted 
to obtain final concentrations of 5.0, 10.0, 15.0, 20.0, 
25.0, 30.0, 35.0, and 40.0 µg/mL [23]. For the test 
solution of Mesona palustris Bl. leaf water extract, an 
initial concentration of 5000 µg/mL was prepared using 
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deionized water. This solution was then serially diluted 
with methanol to yield final concentrations of 125.0, 
250.0, 375.0, 500.0, 750.0, 1000.0, 1250.0, and 1500.0 
µg/mL. The test solution of biosynthesized silver 
nanoparticles (AgNPs) was initially prepared at a 
concentration of 500 µg/mL using methanol as the 
solvent. This stock solution was then diluted to obtain 
final concentrations of 100.0, 150.0, 200.0, 250.0, 300.0, 
350.0, 400.0, and 450.0 µg/mL. The concentration range 
of AgNPs tested in the cuvette was 20–90 µg/mL. 

Optimization of Incubation Time 
Optimization of incubation time was carried out for each 
test sample, including vitamin C, Mesona palustris BI 
leaf extract, and AgNPs. In each test, 1.2 mL of 1 mM 
DPPH solution was mixed with 0.3 mL of the respective 
test solution in a cuvette, then incubated in the dark at 
room temperature. The mixtures were vortexed, and the 
absorbance was measured at 2.5-minute intervals from 0 
to 70 minutes using a UV-Vis spectrophotometer, to 
determine the optimal incubation time for each sample. 

Preparation of Blank Solution 
A blank solution was prepared by mixing 1.2 mL of 1 
mM DPPH solution with 0.3 mL of methanol in a 
cuvette. The mixture was incubated in the dark at room 
temperature for the same duration as the optimized 
incubation time for each test sample. Absorbance was 
measured at a wavelength of 516 nm using a UV-Vis 
spectrophotometer [24], [25]. 

Determination of Antioxidant Inhibition Percentage 
and IC₅₀ Value 
The antioxidant activity was expressed as the 
percentage of DPPH radical inhibition, calculated using 
the following equation [25], [26]. 

%  inhibition = !	#$%&'$(	)	!	*+,-(.
!	/$%&'$(	

 × 	100% 

where A control is the absorbance of the blank (DPPH 
solution with methanol), and A sample is the absorbance 
of the test solution mixed with DPPH. 

The IC₅₀ value, which represents the concentration of the 
sample required to inhibit 50% of DPPH free radicals, 
was determined using linear regression analysis. In the 
linear equation 𝑦	 = 𝑏𝑥+𝑎	 y, where y represents the 
percentage of inhibition and x the sample concentration, 

the IC₅₀ value was calculated by substituting y = 50 into 
the regression equation and solving for x [26].  

Data Analysis 
Characterization data of the synthesized AgNPs were 
analyzed descriptively. Quantitative data from the total 
phenolic content determination of Mesona palustris Bl. 
leaf water extract and antioxidant activity assays were 
statistically analyzed using one-way ANOVA. Statistical 
analysis was performed to evaluate significant 
differences in total phenolic content and antioxidant 
activity among the test samples. 

RESULTS AND DISCUSSION 
Mesona palustris Bl. leaf water extract 
This study used Mesona palustris Bl. leaf powder 
simplisia, which was determined by UPT Laboratorium 
Materia Medica Batu. The prepared Mesona palustris Bl. 
leaf powder was then extracted using the infundation 
method using DI water as a solvent. DI Water was 
chosen as the solvent because it is more polar, non-toxic, 
and non-flammable compared to other solvents such as 
ethanol and methanol. The water used was DI water, 
which is distilled water that has gone through two stages 
of distillation (filtration) so that it has much less mineral 
content. DI water was chosen to minimize aggregation 
of the synthesized AgNPs, which can be caused by the 
solvent's high mineral content [28], [29]. The extraction 
results of Mesona palustris Bl. leaf showed a brownish-
yellow filtrate, as shown in Figure 1. 

Determination of maximum wavelength and 
preparation of standard curve of standard gallic 
acid  
The maximum wavelength is indicated by the 
wavelength of the gallic acid standard that reacts with the 
folin reagent and gives the highest absorbance value. 
Each unit concentration of the test sample will give the 
greatest change in absorbance value at the maximum 
wavelength, so the maximum analytical sensitivity will 
be obtained from measuring the sample at the maximum 
wavelength [30]. In this study, the maximum wavelength 
was obtained at 735 nm. The results of determining the 
maximum wavelength are by previous research, namely 
the determination of the total phenolic content of shallot 
skin extract and dayak onion bulbs, which get a 
maximum wavelength of 735 nm [31], [32].  

 

Figure 1 Extraction results of Mesona palustris Bl. 
leaf (a) Extract concentration 0.5% b/v; (b) Extract 
concentration 1% b/v; and (c) Extract concentration 
1.5% b/v. 
 

 
Figure 1 Gallic acid standard curve 
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Preparation of a standard curve of gallic acid reacted 
with folin-ciocalteu reagent was carried out after 
determining the maximum wavelength. The preparation 
of the gallic acid standard curve aims to obtain a linear 
regression equation between concentration as the x-axis 
and absorbance as the y-axis, which will later be used to 
determine the phenolic concentration of the test sample 
[33]. The determination of the standard curve in this 
study was carried out using a concentration series of 
20.0; -160 µgmL-1, then obtained the regression equation 
y = 0.0154x + 0.0946 shown in Figure 2. 

Determination of total phenolic content of Mesona 
palustris Bl. leaf water extract 
The total phenolic content of the Mesona palustris Bl. 
leaf water extract was determined through the folin-
ciocalteu method. This method is based on the principle 
of colorimetric reduction-oxidation reaction to measure 
all phenolic compounds in the sample using a folin-
ciocalteu reagent. Phenolic compounds in the test sample 
will reduce phosphomolybdate phosphotungstat in folin-
ciocalteu reagent, then form blue molybdenum. Phenolic 
compounds can only react in an alkaline atmosphere with 
folin-ciocalteu reagent, so it is necessary to add sodium 
carbonate to create an alkaline atmosphere [34]. The total 

phenolic content of Mesona palustris Bl. leaf water 
extract in this study was expressed in milligrams of gallic 
acid equivalent in 100 mL (mg GAE100 mL-1). The 
results of the determination of the total phenolic content 
of water extract of Mesona palustris Bl. leaves with 
concentrations of 0.5; 1.0 and 1.5% and analysis with 
One-way ANOVA and Post hoc LSD are shown in Table 
1. 

The RSD value indicates the precision and accuracy of 
the measurement, and the smaller the RSD value, the 
higher the measurement precision and accuracy. RSD 
value is considered good if ≤ 2% [35]. The calculation 
results show the RSD value of the total phenolic content 
of Mesona palustris Bl. leaf water extract is below 2% 
except for the extract with a concentration of 1.5% b/v. 
The total phenolic content of Mesona palustris Bl. leaf 
water extract based on the calculation results showed an 
increase along with the increase in extract concentration. 
This indicates that the more simplicia used in the 
extraction, the higher the content of phenolic 
compounds. Phenolic compounds are known to be 
contained in Mesona palustris Bl. leaf includes 

Table 1. Determination of total phenolic content of Mesona palustris Bl. leaf water extract 
Extract Concentration  

(% b/v) 
Total Phenolic Content* 

(mg GAE100 mL-1) 
RSD  
(%) 

0.5 4.204 ± 0.056c 1.329 
1 7.903 ± 0.040b 0.511 

1.5 12.253 ± 0.269a 2.196 
ANOVA: Different superscript letters indicate significant differences (LSD, p < 0.05) 

Table 2. Optimization results of AgNP synthesis composition and reaction conditions. 
Optimization parameter Condition λmax (nm) Absorbance 

Extract concentration (%) 0.50 434 0.538 
 1.00* 432 0.904 
 1.50 435 1.166 
Extract volume (mL) 0.50 434 0.590 
 0.75* 433 0.835 
 1.00 435 1.088 
AgNO₃ volume (mL) 6 435 0.716 
 7* 433 0.873 
 8 434 0.757 
Dispersing medium volume (mL) 4 433 0.630 
 5* 432 0.570 
 6 435 0.503 
Temperature (°C) 50 433 0.487 
 55* 432 0.620 
 60 433 0.845 
Reaction time (min) 60* 433 0.674 
 80 433 0.762 
 100 434 0.786 
Note: * indicates the selected optimum condition for each parameter. SPR peaks within 400–460 nm indicate 
successful AgNP formation. 
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flavonoids and tannins. Flavonoids and tannins are 
phenolic compounds with more than one hydroxyl 
group, so they have the characteristics of being easily 
soluble in water [14], [36]. 

The results of the determination of total phenolic content 
in Mesona palustris Bl. leaf water extract leaves that 
have been replicated three times are then tested for 
normality and homogeneity first before further analysis 
with One-way ANOVA and Post hoc LSD. The results 
of normality and homogeneity tests show that the total 
phenolic content of Mesona palustris Bl. leaf water 
extract at each concentration has a significance value of 
more than 0.05, which means that the phenolic content 
data is said to be normal and homogeneous. Data 
analysis was then continued with One-way ANOVA and 
Post hoc LSD. The results of the analysis, showed that 
there were significant differences in total phenolic levels 
in the three variations of Mesona palustris Bl. leaf water 
extract concentrations marked with a p-value <0.01.  

Synthesis of AgNPs 
Optimization of AgNPs Synthesis Parameters   
The optimization of AgNP synthesis was conducted by 
varying composition parameters (extract concentration, 
extract volume, AgNO₃ volume, dispersing medium 
volume) and reaction conditions (synthesis temperature 
and time), as summarized in Table 2. 

The concentration optimization of Mesona palustris Bl. 
leaf water extract (0.5–1.5%) yielded SPR peaks in the 
400–460 nm range and a visible color change from pale 
yellow to yellowish brown, indicating AgNP formation 
[37]. A concentration of 1% provided the smallest λmax 
(432 nm) and a high absorbance value (0.904), 
suggesting smaller particle size and higher nanoparticle 
yield. Higher concentrations increased absorbance 
further but risked agglomeration [38,39]. Thus, 1% was 
chosen as the optimum concentration. Extract volume 
optimization (0.50–1.00 mL) showed that absorbance 
increased proportionally with volume, indicating more 
secondary metabolites available for reduction and 

stabilization [38]. However, the largest volume (1.00 
mL) also produced the highest λmax (435 nm), 
suggesting larger particle size and possible aggregation 
[39,40]. A volume of 0.75 mL was selected as the 
optimum for balancing particle size and stability. 

Optimization of 8.0 mM AgNO₃ volume (6–8 mL) 
revealed that increasing from 6 to 7 mL reduced λmax 
from 435 to 433 nm and increased absorbance, indicating 
smaller particles with higher yield. Further increase to 8 
mL caused a red shift (434 nm) and decreased 
absorbance, suggesting agglomeration due to excessive 
silver ion concentration [40]. Therefore, 7 mL was 
selected. For dispersing medium volume (4–6 mL), 5 mL 
yielded the smallest λmax (432 nm) with moderate 
absorbance, suggesting smaller and more stable 
nanoparticles compared to other volumes [37,39,40]. 
Thus, 5 mL was chosen. 

Temperature optimization (50–60°C) showed that 
raising the temperature from 50°C to 55°C shifted λmax 
from 433 to 432 nm, suggesting smaller particle size 
[42]. At 60°C, λmax returned to 433 nm with a marked 
increase in absorbance, possibly due to rapid reaction 
rates leading to agglomeration [39,40,43]. Hence, 55°C 
was selected as the optimum synthesis temperature. 
Synthesis time optimization (60–100 min) showed that 
extending from 60 to 80 min maintained λmax  at 433 
nm while increasing absorbance, suggesting higher 
nanoparticle yield. However, prolongation to 100 min 
caused a red shift (434 nm) with higher absorbance, 
indicating particle growth from agglomeration [39,40]. 
Thus, 60 min was selected as the optimum reaction time. 

Characterization of AgNPs 
Characterization was performed on AgNPs with the 
selected optimum synthesis composition and conditions, 
namely: 0.75 mL extract, 7 mL AgNO3 8 mM, and 5 mL 
DI water for 60 min at 55℃. 

 
 

 
Figure 3 Characterization results of AgNPs with UV-Vis Spectrophotometer 

 

(a) Mesona palustris Bl. Leaf water 
extract

(b) AgNO3
(c) Mesona palustris Bl. Leaf water 

extract- AgNO3
(d) AgNPs
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UV-Vis spectrophotometry 
Characterization of AgNPs by UV-Vis 
spectrophotometry was conducted to determine the 
maximum wavelength and absorbance of AgNPs 
produced through the biosynthesis process. UV-Vis 
spectrophotometry has been widely used for the 
characterization of AgNPs because this method can 
provide important information related to the size, size 
distribution, shape, and stability of AgNPs [44]. The 
results of characterization by UV-Vis spectrophotometer 
and the color change of AgNPs after biosynthesis from 
pale yellow to brownish-yellow can be seen in Figure 3. 
The initial identification that can be observed to 
determine the formation of AgNPs in the biosynthesis 
process is the color change of the solution from pale 
yellow to yellow-brown with maximum wavelength 
absorption in the range of 400-460 nm [37]. The color 
change is related to the optical property of silver 
nanoparticles known as localized surface plasmon 
resonance (SPR); this SPR shift can indicate the size, 
size distribution, shape, and stability of the nanoparticles 
[45]. In this study, UV-Vis spectra were observed in the 
wavelength range of 300-600 nm. The results of 
characterization with a UV-Vis spectrophotometer 
showed that there was a very clear difference between 
the spectra of AgNPs compared to the spectra of AgNO3 
as a precursor and Mesona palustris Bl. leaf water extract 
as a bioreductor agent. The difference in spectra in each 
test solution shows that there has been a change from the 

reactants (AgNO3 and Mesona palustris Bl. leaf water 
extract) into a product (AgNPs). The formation of 
AgNPs in this study is characterized by a spectrum that 
has a maximum wavelength according to the maximum 
wavelength requirement range of biosynthesized AgNPs, 
which is 433 nm with an absorbance value of 0.677. 

FT-IR (Fourier Transform Infrared) 
spectrophotometry 
Characterization of AgNPs with FT-IR 
spectrophotometry aims to determine the functional 
groups of phytochemical compounds of Mesona 
palustris  Bl. leaf that act as bioreduction and capping 
agents in the biosynthesis of AgNPs through wave 
number absorption bands and spectrum shifts [26]. The 
results of FT-IR characterization of AgNPs with 
bioreductor Mesona palustris Bl. leaf water extract can 
be seen in Figure 4.  

The FT-IR spectrum of AgNPs with the bioreduction of 
Mesona palustris Bl. leaf water extract shows absorption 
in the wave number region of 3050-3500 cm-1, which 
indicates the presence of O-H groups from alcohol or 
phenol compounds. Absorption in the wave number 
region 2341-2360 cm-1 indicates the presence of C-H 
groups from aliphatic compounds and aldehydes. The 
absorption in the wave number region 2341-2360 cm-1 
indicates the presence of C=O and C-H groups of 
aldehyde compounds [44], [46], [47]. The absorption in 
the wave number region of 1503-1575 cm-1 indicates the 

 
Figure 4 Spectrum of AgNPs characterization with FTIR 
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presence of aromatic ring C=C bonds from phenolic 
compounds [47], [48], [49]. Absorption in the wave 
number region around 1050-1290 cm-1 indicates the 
presence of C-O bonds that may be part of alcohol, ether, 
ester, or carboxylic acid compounds. The C-O bond in 
the wave number region can also strengthen the 
indication of the presence of phenol and flavonoid 
compounds that act as bioreduction and capping agents 
in the biosynthesis of AgNPs with the bioreduction of 
Mesona palustris  Bl. leaf water extract [50]. Absorption 
in the 800 cm wave number region-1 indicates the 
presence of aromatic C-H bonds from hydrocarbon 
compounds [47]. The transmittance intensity of the FT-
IR spectrum of AgNPs decreased in the O-H and C-O 
groups, followed by a shift in their wave numbers. This 
may indicate that there has been an interaction between 
silver ions (Ag+) and hydroxyl groups from the Mesona 
palustris Bl. leaf water extract forming a product 
(AgNPs). The decrease in transmittance value is caused 
by the increase in the number of particles or atomic 
groups (Ag0) that absorb infrared light so that less light 
is transmitted. The shift in wave numbers, especially in 
the O-H and C-O groups, can indicate that these groups 
play a role in the reduction process of silver ions, while 
the decrease in transmittance value in these groups can 
indicate that these groups act as capping agents [51]. 
Therefore, phytochemical compounds that most likely 
act as bioreduction and capping agents in the 
biosynthesis process of AgNPs in this study are phenolic 
compounds, flavonoids, and alkaloids found in Mesona 
palustris Bl. leaf water extract. 

 
 

PSA (Particle Size Analyser) 
Characterization of AgNPs by PSA aims to determine 
the average value of size distribution and polydispersion 
index (PI) of AgNPs [52]. The results of AgNPs 
characterization with Mesona palustris Bl. leaf extract 
bioreduction can be seen in Figure 5. 

The results of PSA characterization of AgNPs with 
Mesona palustris Bl. leaf water extract bioreduction 
showed an average size of 81.0 nm, which means that it 
meets the requirements of nanoparticle size, namely in 
the range of 1-100 nm [53]. The obtained PI value of 
0.323 is included in the moderately polydisperse 
category because it is in the range of 0.1-0.4 [54]. The 
average size of AgNPs and PI value in this study is not 
much different from previous studies that also used 
bioreduction from the Lamiaceae family. In the previous 
study, the average size of AgNPs was 150.9 nm with a 
PI value of 0.255, indicating that the biosynthesized 
AgNPs had a homogeneous and stable size distribution. 
[44].   

SEM (Scanning Electron Microscope) 
Characterization of AgNPs by SEM was carried out to 
determine the size and shape of the biosynthesized 
AgNPs [55]. The results of AgNPs characterization with 
SEM in this study can be seen in Figure 6.    

SEM results of AgNPs of Mesona palustris Bl. leaf water 
extract showed that the AgNPs produced had a spherical 
shape and size that was by the results of PSA 
characterization, which was around 80 nm. Thus, the 
biosynthesized AgNPs in this study have fulfilled the 
requirements for nanoparticle size, which is in the size 
range of 1-100 nm [55]. 

 
Figure 5 Characterization results of AgNPs with PSA 
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Antioxidant activity of Mesona palustris Bl. leaf water 
extract and AgNPs of Mesona palustris Bl. leaf water 
extract 
Incubation time optimization 
The initial stage before testing the antioxidant activity in 
this study was the optimization of incubation time for 
each test solution, namely positive control vitamin C, 
Mesona palustris Bl. leaf water extract, and AgNPs. 
Optimization of incubation time was carried out to know 
the optimum time required by the DPPH solution to react 
perfectly with the test solution. The optimum time is 
indicated by the value of inhibition that has stabilized, 

which does not show a significant increase or decrease 
ithin a certain time range [24]. The wavelength used in 
the optimization analysis of the incubation time of each 
test solution is 516 nm [25]. The results of incubation 
time optimization can be seen in Figure 7. 

The results of incubation time optimization showed that 
the optimum incubation time of vitamin C was at 2.5 
minutes with a percentage inhibition of 89.488%, 
Mesona palustris Bl. leaf at 50 minutes with a percentage 
inhibition of 18.257%, and AgNPs and at 30 minutes 
with a percentage inhibition of 21.417%. 

 
Figure 6. Characterization results of AgNPs with SEM 

 

Figure 7. Results of incubation time optimization 
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Antioxidant activity 
The antioxidant activity test of the test solution was 
determined through the percentage of inhibition 
performed with three replicates on each test solution. The 
parameter used in assessing the antioxidant capacity of 
the test solution is the IC50 value. IC50 value can represent 
the concentration of antioxidant test solution needed to 
reduce DPPH radical by 50%. The IC50 value is 
calculated through a linear regression equation that 
describes the relationship between the concentration of 
the test solution and the percentage of inhibition it has 
[26]. The results of antioxidant activity determination 
can be seen in Table 3. 

The IC₅₀ values obtained from DPPH radical scavenging 
assays revealed substantial differences in antioxidant 
activity among the tested samples Table 3. Vitamin C 
exhibited the lowest IC₅₀ value (4.309 ± 0.082 μg/mL), 
which falls within the “very strong” antioxidant 
category. In contrast, the leaf water extract of Mesona 
palustris Bl. demonstrated the highest IC₅₀ value 
(172.130 ± 1.767 μg/mL). In previous studies, the IC50 
value of Mesona palustris  Bl leaf water extract was 
96.432 μg/mL [57], corresponding to “medium” activity, 
whereas AgNPs showed intermediate potency (71.501 ± 
1.347 μg/mL), classified as “strong” activity[58]. 

The one-way ANOVA confirmed that these differences 
were highly significant (F = 6038.247, p < 0.001). Post 
hoc LSD analysis indicated that all pairwise comparisons 
were statistically significant (p < 0.05), as reflected by 
the distinct letter annotations in Table 3. Assumption 
testing verified that the data were normally distributed 
and exhibited homogeneity of variances, ensuring the 
validity of the ANOVA results. 

The superior antioxidant performance of Vitamin C is 
consistent with its well-established role as a potent free 
radical scavenger[56]. Interestingly, the synthesis of 
AgNPs from M. palustris leaf extract significantly 
improved antioxidant capacity compared to the crude 
extract alone, suggesting that the nanoparticle formation 
process may enhance the reactivity or availability of 
bioactive compounds. However, the activity of AgNPs 
did not surpass that of pure Vitamin C, likely due to 
differences in molecular size, solubility, and inherent 
radical scavenging mechanisms. This is by previous 
studies that also used plants from the Lamiaceae family 
for the synthesis of AgNPs and tested their antioxidant 
activity. The results of the study showed that the 
antioxidant activity of AgNPs produced from 
biosynthesis was better than the plant extracts used as 
bioreduction [43]. 

CONCLUSION  
This study demonstrates that the water extract of Mesona 
palustris Bl., rich in phenolic compounds, can serve as 
both a bioreductant and capping agent in the green 
synthesis of silver nanoparticles (AgNPs). The 
biosynthesized AgNPs displayed stronger DPPH radical 
scavenging activity compared to the crude extract, 
suggesting enhanced activity in this specific assay. 

 

LIMITATION 
The antioxidant evaluation in this study was limited to a 
single in vitro method, the DPPH assay, which measures 
only one mechanism of antioxidant action. Therefore, the 
present results should be interpreted as an indication of 
potential antioxidant capacity rather than conclusive 
evidence of broad-spectrum antioxidant activity. Future 
research should include additional assays such as FRAP, 
ABTS, and ORAC, as well as in vivo studies, to provide 
a more comprehensive and validated understanding of 
the antioxidant properties of M. palustris-mediated 
AgNPs. 
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