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This study utilizes green nanotechnology by employing Trema orientalis leaf 
extract (TO-EE) as a natural bioreductant to synthesize silver nanoparticles 
(AgNPs-TO) and apply them in biopolymer film-based food packaging. AgNPs 
were synthesized using a stirrer method and characterized by UV-Vis, FTIR, XRD, 
PSA, and TEM. UV-Vis confirmed nanoparticle formation with a λmax at 430 nm 
(SPR). FTIR indicated phenolic and carbonyl groups in the reduction of Ag+ to Ag0. 
XRD showed a face-centered cubic silver structure with minor AgCl presence. PSA 
revealed an average size of 56.46 nm with high polydispersity (>0.5), while TEM 
showed spherical, heterogeneous particles. Antioxidant activity (DPPH) showed 
IC50 values of 128.40 µg/mL (AgNPs-TO) and 75.59 µg/mL (TO-EE). Anti-
photooxidation tests in a linoleic acid system demonstrated that AgNPs-TO and 
BP/AgNPs-TO films suppressed hydroperoxide formation. Preliminary BSLT 
screening showed an LC50 <1000 ppm, and 5 ppm AgNPs were selected for 
incorporation into the biopolymer film. The additional AgNPs-TO also affects the 
physical properties of the biopolymer film. These results indicate that AgNPs-TO 
are promising as active agents in environmentally friendly food packaging. 

 

1. Introduction 

Food demand continues to increase along with the 
growth of Indonesia’s population. Based on the 2022 Food 
Security Statistics, Indonesia ranked 63rd out of 113 
countries, with a Global Food Security Index (GFSI) score 
of 60.2 [1]. Indicating a relatively lower position 
compared to other Southeast Asian countries. This 
condition highlights the importance of strengthening 
food security, especially in terms of food utilization, 
which includes aspects of quality and safety, as these are 
directly related to public consumption patterns [2]. 

One of the factors influencing food quality and safety 
is exposure to light and ultraviolet (UV) radiation. Such 
exposure can trigger photooxidation processes that lead 
to a decline in food quality and the degradation of 
essential nutrients. Light and UV radiation promote the 
formation of highly reactive species, such as hydroxyl 

radicals and Reactive Oxygen Species (ROS), which can 
damage vitamins, pigments, lipids, and oils in food [3]. 
Herefore, packaging plays an essential role in protecting 
food products from external factors, including light and 
humidity, thereby extending shelf life and preserving 
product quality. 

Current food packaging systems predominantly 
utilize petroleum-based plastics and their composites. 
However, these materials are generally transparent and 
offer limited protection against light exposure unless 
modified with additional components or additives [4]. 
This limitation necessitates the development of 
innovative materials or active agents that can be 
incorporated into packaging systems to enhance 
protection against food deterioration. One promising 
approach involves the application of nanotechnology, 
particularly the use of nanoparticles. Nanoparticles are 
characterized by their extremely small size, typically 
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ranging from 1 to 100 nm, and are often synthesized from 
metals such as silver, gold, palladium, and selenium [5]. 

Among various metal-based nanoparticles, silver 
nanoparticles have attracted considerable attention due 
to their distinctive physical, chemical, and biological 
properties. These include high electrical and thermal 
conductivity, notable optical characteristics, nonlinear 
catalytic behavior, and significant biochemical activity, 
which enable their wide-ranging applications across 
multiple fields [5]. 

Silver nanoparticles have been widely reported to 
exhibit diverse biological activities, including 
antibacterial, antiviral, antioxidant, antidiabetic, 
anticancer, and antifungal effects [6]. The antioxidant 
activity of green-synthesized AgNPs is primarily 
associated with surface-bound phytochemicals, 
particularly phenolic and flavonoid compounds, which 
act as capping agents capable of donating hydrogen 
atoms or electrons to neutralize free radicals. The 
metallic silver core itself is not the primary free radical 
scavenger. Furthermore, they have demonstrated 
effectiveness as protective agents against ultraviolet (UV) 
radiation [7]. 

Silver nanoparticles can be synthesized through 
physical and chemical approaches; however, these 
methods often require harsh conditions and may pose 
environmental concerns. In recent years, biological or 
green synthesis methods have attracted increasing 
attention due to their cost-effectiveness and relatively 
simple procedures. Moreover, these approaches are 
considered more environmentally sustainable, as they 
typically employ natural resources such as plant extracts 
as bioreducing agents in the nanoparticle formation 
process [8]. 

One plant that has potential for use in the synthesis 
of silver nanoparticles (AgNPs) is Trema orientalis 
(Mengkirai). This plant has been reported to exhibit 
various biological activities, including antioxidant, 
antibacterial, antidiabetic, and anti-inflammatory 
properties. In addition, the leaves of T. orientalis are 
known to contain a range of secondary metabolites, such 
as tannins, flavonoids, saponins, terpenoids, glycosides, 
and carbohydrates [9]. Previous studies [10] have 
successfully synthesized green AgNPs using T. orientalis 
and evaluated their antibacterial activity. 

In addition, Gudimalla et al. [11] and Balciunaitiene et 
al. [12] have reported the green synthesis of AgNPs for 
incorporation into polymer films and evaluated their 
antibacterial and antioxidant activities. However, the 
application of T. orientalis-mediated AgNPs in alginate-
based biopolymer films remains relatively limited, 
particularly regarding their antioxidant and anti-
photooxidative activities and their potential application 
in active food packaging systems. Therefore, this study 
aims to investigate the bioactivity profile of 
biosynthesized silver nanoparticles, including their 
antioxidant and anti-photooxidation activities, along 
with toxicity assessment and their potential application 
in active food packaging systems using T. orientalis leaf 
ethanol extract (TO-EE) as the functional component. 

2. Experimental 

2.1. Equipment and Materials 

The equipment used in this study included an 
analytical balance (Shimadzu), a rotary evaporator 
(Buchi), a distillation apparatus, 10-1000 µL 
micropipettes, an oven (Memmert), a microplate reader, 
glassware in the chemistry laboratory, a UV-Vis 
spectrophotometer (Shimadzu), a light box, and a 22-
watt LED lamp. Characterization was performed using 
LC-MS (Lab Reserse POLDA Metrojaya), TEM and PSA 
(PPNN ITB Electron Microscopy Lab), FTIR and XRD (UNP 
Chemistry Lab). 

The materials used in this study were mengkirai 
leaves (T. orientalis) collected in Pekanbaru, technical 
ethanol, AgNO3 (Merck), DPPH (Sigma-Aldrich), ascorbic 
acid (Merck), distilled water, seawater, Artemia salina 
larvae, HCl (Merck), Meyer’s reagent, Lieberman-
Burchard’s reagent, linoleic acid, erythrosine, Tween 20, 
Mg powder, ethanol (pro-analysis), methanol (pro-
analysis; Merck), Gallic acid, Folin-Ciocalteu (Sigma-
Aldrich), sodium alginate, PEG-400, and CaCl2. 

2.2. Preparation of TO-EE Sample and Phytochemical 
Screening Test 

A total of 5 kg of mengkirai leaves (T. orientalis) were 
collected in the vicinity of the Universitas 
Muhammadiyah Riau in Pekanbaru, Riau. The samples 
were thoroughly washed and air-dried without exposure 
to direct sunlight. Once dry, the leaves were ground into a 
crude powder weighing 500 g (10%). The extraction 
process was performed using the maceration method 
with ethanol as the solvent at a 1:4 ratio. The mixture was 
stored in a dark container for 3 × 24 hours with occasional 
stirring. Afterward, the macerate was filtered, and the 
residue was re-extracted by adding the same solvent for 
24 hours, then filtered again. All the filtrate obtained was 
then concentrated using a rotary evaporator to produce 
82.29 g (16.45%) of TO-EE. Subsequently, the TO-EE 
underwent phytochemical screening for alkaloids, 
flavonoids, steroids/terpenoids, phenolics, tannins, and 
saponins [13]. Subsequently, the TO-EE was 
characterized using LC-MS spectroscopy. 

2.3. Molecular Docking 

The crystal structure of KEAP1 (PDB ID: 4L7B) was 
obtained from the RCSB Protein Data Bank. Protein 
preparation was carried out by separating the co-
crystallized ligand from the receptor structure using 
UCSF Chimera. The extracted ligand was then re-docked 
into the original binding pocket using AutoDock Vina to 
validate the docking protocol [14]. Validation was 
performed by determining the root mean square 
deviation (RMSD) between the experimental ligand pose 
and the re-docked conformation in PyMOL. A docking 
protocol was considered acceptable when the RMSD value 
was below 2.0 Å [15]. Following successful validation, the 
compounds identified in TO-EE by LC-MS analysis were 
docked into the validated binding pocket of KEAP1. The 
binding affinity values (kcal/mol) obtained from 
AutoDock Vina were subsequently used to evaluate the 
ligand–protein interactions. 
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2.4. Determination of Total Phenolic Content of TO-EE 

The obtained TO-EE was subsequently analyzed for 
its total phenolic content. A gallic acid stock solution 
(1000 ppm) was prepared by dissolving 0.025 g of gallic 
acid in a 25 mL volumetric flask. Standard solutions were 
then prepared from this stock at concentrations of 50, 
100, 150, 200, and 250 ppm. For the assay, 0.5 mL of 2.5 N 
Folin Ciocalteu reagent was added to each standard 
solution, followed by vortex mixing and incubation for 5 
minutes. Subsequently, 2.5 mL of 7.5% Na2CO3 solution 
was added. The absorbance of each solution was 
measured using a UV–Vis spectrophotometer at a 
maximum wavelength of 765 nm. For the TO-EE sample, 
a solution with a concentration of 1 mg/mL was prepared 
and treated using the same procedure as the standard 
solutions. The reaction resulted in a yellowish-blue color 
change. 

2.5. Synthesis of AgNPs Using TO-EE as Reducing 
Agent (AgNPs-TO) 

The 1 mM AgNO3 solution and TO-EE solutions at 
concentrations of 0.5%, 1%, and 1.5% were prepared. 
Subsequently, the AgNO3 solution was mixed with each 
TO-EE solution at a ratio of 1:10 (v/v). The mixtures were 
then stirred continuously on a hotplate stirrer at 60°C for 
60 minutes, until a yellowish-brown color change was 
observed, indicating nanoparticle formation. The 
resulting products were characterized using UV–Vis 
spectrophotometry to confirm the formation of AgNPs, as 
indicated by the presence of surface plasmon resonance 
(SPR) absorption peaks within the wavelength range of 
400–450 nm [16]. The optimum TO-EE concentration 
was determined based on the UV–Vis spectral 
characteristics of the resulting AgNPs. 

2.6. Determination of Antioxidant Activity (DPPH) 

Antioxidant activity was evaluated using the DPPH 
method. A DPPH solution was prepared at a concentration 
of 80 µg/mL in methanol. Ascorbic acid (vitamin C) stock 
solution was prepared at 1000 µg/mL and subsequently 
diluted to 100 µg/mL. TO-EE and AgNPs-TO solutions 
were prepared at six concentrations: 100, 50, 25, 12.5, 
6.25, and 3.125 µg/mL. The assay was conducted using a 
96-well microplate reader. A 100 µL aliquot of each 
sample solution (TO-EE, AgNPs-TO, and vitamin C) at its 
respective concentration was mixed with 100 µL of DPPH 
solution in each well. The mixtures were incubated for 30 
minutes at room temperature under dark conditions. 
Absorbance was measured at a wavelength of 517 nm, and 
all measurements were performed in triplicate. The 
percentage of inhibition and IC50 values were 
subsequently calculated by Equation 1 [17]. 

 %𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100% (1) 

2.7. Brine Shrimp Lethality Test (BSLT) for Toxicity 
Evaluation 

Approximately 100 mg of Artemia salina eggs were 
incubated in 1 L of seawater in a compartmentalized 
aquarium with illuminated and dark sections separated 
by a perforated barrier. The illuminated section was 
exposed to a light source and supplied with continuous 

aeration, while the dark section was kept covered. After 
48 hours, the newly hatched nauplii were collected and 
utilized for toxicity assessment. A negative control was 
prepared, and 100 mg of TO-EE was dissolved in seawater 
to obtain the test solution. Serial concentrations of 100, 
250, 500, 750, and 1000 µg/mL were prepared and 
adjusted to a final volume of 5 mL using seawater as the 
diluent. AgNPs-TO samples were similarly prepared at 
concentrations of 2.5, 5, 10, 25, and 50 µg/mL. Each 
concentration, including the control, was tested in 
triplicate in vials containing 10 nauplii. Following a 24-
hour incubation period, the number of surviving larvae 
was recorded. Toxicity data were subsequently analyzed 
to determine the LC50 using probit analysis of the 
percentage mortality, as described in Equation 2. 

 %𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑙𝑎𝑟𝑣𝑎𝑒

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟𝑡
 × 100% (2) 

Subsequently, a linear regression equation was 
obtained describing the relationship between probit 
values and the logarithm of concentration, where the Y 
variable represents the probit value and the X variable 
represents the logarithm of concentration [18]. 

2.8. Antiphotooxidation Activity Test 

The antiphotooxidation activity was evaluated using 
linoleic acid [19]. An emulsion system with a total volume 
of 5 mL was prepared by gradually combining linoleic 
acid, Tween 20, and distilled water to maintain consistent 
concentration ratios. AgNPs-TO samples at 
concentrations of 5, 10, and 15 ppm, along with 
BP/AgNPs-TO at concentrations of 0, 5, and 10 ppm, were 
subsequently incorporated into the emulsion, followed by 
the addition of erythrosine. The prepared mixtures were 
then irradiated with a 22 W LED lamp for 5 hours, with 
observations recorded hourly. The formation of 
conjugated diene hydroperoxides was analyzed by taking 
30 µL of the emulsion, adding 5 mL of absolute ethanol, 
and measuring the absorbance at 232 nm [20]. 

2.9. Film Preparation 

Biopolymer films were prepared with modifications 
to a previously reported method [21] using sodium 
alginate as the base material and polyethylene glycol 
(PEG-400) as a plasticizer. A film-forming solution was 
prepared by dissolving sodium alginate in distilled water 
at a concentration of 3% (b/v), followed by the addition of 
0.5 mL PEG-400. BP/AgNPs-TO samples were 
incorporated at varying AgNP concentrations of 0, 5, 10, 
and 25 ppm. The mixture was then stirred using a hotplate 
stirrer until a homogeneous solution was obtained. The 
resulting solution was cast evenly onto a mold and dried 
in an oven at 60°C for 8 hours. After drying, the films were 
allowed to cool at room temperature and subsequently 
treated with 0.5% CaCl2 solution as a crosslinking agent. 
The films were then further dried at room temperature for 
24 hours. 

2.10. Characterization of Biopolymer Films (BP/AgNPs-
TO) 

The thickness of BP/AgNPs-TO films was 
determined with a caliper at three different points, and 
the average was calculated. Water absorption was 
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evaluated by cutting the BP/AgNPs-TO films into 
dimensions of 1 × 3 cm. The samples were first weighed 
using an analytical balance after being stored in a 
desiccator to obtain the initial weight (W1). Each sample 
was then immersed in a petri dish containing 10 mL of 
distilled water for 1 minute. After immersion, excess 
surface water was carefully removed using tissue paper, 
and the samples were reweighed to obtain the final weight 
(W) [22]. It was calculated according to Equation 3. 

 𝑊𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (%) =
𝑊−𝑊1

𝑊1
 × 100% (3) 

Where, W1 represents the starting sample weight (g), 
and W represents the final sample weight (g) [23]. 

Subsequently, the tensile strength of BP/AgNPs-TO 
films was evaluated. The samples were cut into 
dimensions of 3×15 cm and clamped at both ends along 
their length. After testing, the applied force and 
elongation were recorded. The tensile strength was 
calculated as the ratio of the maximum force at break (F) 
to the initial cross-sectional area. The initial cross-
sectional area was determined by multiplying the initial 
thickness (a) by the initial width (b). The results were 
expressed in units of MPa (N/mm2) [24]. 

3. Results and Discussion 

3.1. Phytochemical Screening 

The results of the phytochemical screening of the 
TO-EE extract indicate that the extract contains 
flavonoids, alkaloids, saponins, steroids, and phenolic 
compounds, as shown in Table 1. The presence of these 
compounds supports the extract’s potential as an active 
ingredient in the production of active packaging, as it can 
provide bioactivity, particularly antioxidant activity. This 
is consistent with previous studies reporting by Taiwo et 
al. [25], that TO-EE contains secondary metabolites such 
as tannins, phenols, flavonoids, and saponins. LC-MS 
characterization further revealed 16 compounds in TO-
EE, including phenolic and phenolic glycoside 
compounds, which are capable of reducing Ag+ to Ag0 
during the synthesis of silver nanoparticles. LC-MS 
analysis of TO-EE resulted in a chromatogram with 
several peaks, indicating the presence of bioactive 
compounds in the extract, as shown in Figure 1. For 
further details on the TO-EE compound results from the 
LC-MS chromatogram, see Table 2. 

Table 1. Results of the phytochemical analysis of the 
TO- EE 

Compound class Reagents Result 

Flavonoids HCl + Mg (+) 

Saponins Distilled water (+) 

Terpenoids/Steroids 
Liberman 
Burchad 

(+) Steroid 

Alkaloids 

Mayer (+) 

Wagner (-) 

Dragendrof (-) 

Phenolics FeCl3 (+) 

Tannins FeCl3 + H2SO4 (+) 

(+): Contains the compound, (-): Does not contain the compound 

 

Figure 1. The LC-MS spectrum results of TO-EE 

3.2. Molecular Docking Result 

The molecular docking protocol was successfully 
validated by re-docking the co-crystallized native ligand 
into the binding site of Keap1 (PDB ID: 4L7B). The 
superimposition of the crystallographic and re-docked 
ligand conformations is presented in Figure 2. The RMSD 
value obtained was 0.670 Å, which was well below the 
acceptable threshold of 2.0 Å [15], indicating excellent 
agreement between the experimental and predicted 
ligand conformations. This result confirmed that the 
docking protocol was sufficiently accurate and reliable for 
subsequent molecular docking analysis. 

Following the successful validation of the docking 
protocol, all compounds identified by LC–MS were 
docked into the active site of Keap1 (PDB ID: 4L7B). Keap1 
is a key regulator of the Nrf2 signaling pathway involved 
in cellular antioxidant defense. Under normal conditions, 
Keap1 binds to Nrf2 and promotes its degradation. 
Inhibition of Keap1 releases Nrf2, allowing it to activate 
antioxidant-related genes such as HO-1 and NQO1 [26]. 
The molecular docking results are summarized in Table 3. 
Binding affinity represents the predicted strength of 
interaction between a ligand and the target protein, 
where more negative values indicate stronger and more 
stable ligand–protein interactions. 

As shown in Table 3, the binding affinity values 
ranged from −4.59 to −10.41 kcal/mol. Among the 
identified compounds, compound 5 exhibited the 
strongest predicted binding affinity toward Keap1 (−10.41 
kcal/mol), followed by compound 3 (−9.49 kcal/mol) and 
compound 4 (−8.95 kcal/mol). These values were lower 
than those of the positive control, ascorbic acid (−6.24 
kcal/mol), indicating stronger predicted interactions 
with the Keap1 binding site, whereas compound 1 showed 
the weakest binding affinity (−4.59 kcal/mol). 

 

Figure 2. Superimposition of the crystallographic 
(native) ligand (purple) and the re-docked ligand 

(green) in the active binding site of Keap1 (PDB ID: 4L7B) 
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Table 2. TO-EE compounds 

No. 
RT 

(min) 
Chemical 
formula 

Mol weight 
(g/mol) 

Compound name Structure 

1 1.28 C5H11NO2 117.15 
Essential amino acid 

L-Valine 

 

2. 1.37 C7H7NO2 137.14 
Aromatic amino acid 

Anthranilic acid 

 

3. 4.64 C26H28O14 564.5 
Flavonoid 

Isoschaftoside 

 

4. 5.12 C21H36O19 592.5 Oligosaccharide 

 

5. 5.39 C22H22O10 446.4 
Flavonoid glycoside 

Tilianin 

 

6 5.79 C30H34O16 650.6 
Flavonoid glycoside 

Tremasperin (Trema 
compound) 

 

7 6.16 C30H34O16 650.6 
Flavonoid glycoside 

Tremasperin (Trema 
compound) 

 

8 7.73 C15H10O5 271.24 
Flavonoid 
Apigenin 

 

9 11.31 C18H37NO3 315.5 Sphingoid 
 

10 11.71 C18H39NO3 317.5 Sphingoid 
 

11 11.85 C18H39NO3 317.5 Sphingoid 
 

12 14.11 C20H32O2 304.5 
Terpenoid > 
Diterpenoid 
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No. 
RT 

(min) 
Chemical 
formula 

Mol weight 
(g/mol) 

Compound name Structure 

13 15.37 C34H40O10 608.26215 
Flavonoid 

Scortechinone R 

 

14 16.20 C29H48O2 428.7 Steroid 

 

15 16.75 C46H79NO6 742.1 Indanone 

 

16 17.75 C40H79NO8 702.1 
Lipid > Ceramide 

glycoside 

 

Table 3. Molecular docking results of the identified 
compounds against Keap1 (PDB ID: 4L7B) 

Ligand 
Binding 
affinity 

(kcal/mol) 
Ligand 

Binding 
affinity 

(kcal/mol) 

Ascorbic acid −6.24 Compound 9 −6.16 

Compound 1 −4.59 Compound 10 −6.31 

Compound 2 −5.61 Compound 11 −6.30 

Compound 3 −9.49 Compound 12 −8.02 

Compound 4 −8.95 Compound 13 −8.71 

Compound 5 −10.41 Compound 14 −8.55 

Compound 6 −7.88 Compound 15 −6.60 

Compound 7 −7.90 Compound 16 −6.80 

Compound 8 −8.77   

3.3. Total Phenolic Content Test Results 

TO-EE was analyzed for total phenolic content using 
the Folin–Ciocalteu method, with gallic acid serving as 
the standard reference. A calibration curve of gallic acid 
was constructed to establish the relationship between 
concentration and absorbance, yielding the equation 
y = 0.0024x + 0.0129 with an R2 value of 0.998. 

During the assay, the reaction between gallic acid and 
the Folin–Ciocalteu reagent initially produced a yellow 
coloration, indicating the presence of phenolic 
compounds. Upon the addition of Na2CO3, the solution 
changed to blue. The absorbance of TO-EE was measured 
in triplicate, and the average value was used to calculate 
the total phenolic content. The results were expressed as 
milligrams of gallic acid equivalents (mg GAE), 
representing the equivalent amount of gallic acid per 
gram of sample [27]. The total phenolic content of TO-EE 
was determined to be 168.9722 mg GAE/g of extract, as 
shown in Table 4. 

3.4. Results of AgNPs-TO Synthesis 

3.4.1. Results of UV-Vis Spectrophotometry 
Characterization 

The results of the synthesis of AgNPs from mengkirai 
leaf extract were analyzed using UV-Vis spectroscopy by 
observing the peak wavelengths that appeared. The 
synthesis was carried out by mixing 50 mL of 1 mM AgNO3 
solution and 5 mL of extract solution at varying 
concentrations of 0.5%, 1%, and 1.5%, using a stirrer for 
60 minutes at 60°C, as shown in Figure 4. The best peak 
results were obtained at concentrations of 0.5% and 1%, 
specifically at wavelengths of 400–450 nm. The optimal 
wavelength, with the highest peak, was observed at 430 
nm in the 1% extract concentration. This is consistent 
with existing research indicating that silver nanoparticles 
exhibit strong absorbance at wavelengths between 400 
and 500 nm [28]. In addition, the formation of AgNPs is 
indicated by a color change to yellowish-brown [16]. The 
results of the synthesis show a color change, as shown in 
Figure 3.
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Table 4. Phenolic content of TO-EE 

Sample Replication Absorbance 
Average 

absorbance 
Initiating phenolic compound 

(mg/mL) 
Total phenolics 

(mg GAE/g extract) 

TO-EE 

1 0.443 

0.418 0.169 168.972 2 0.417 

3 0.395 

 

Figure 3. (a) AgNO3 + TO-EE and (b) AgNPs-TO product 

 

Figure 4. UV-Vis spectra of AgNPs-TO nanoparticles 

3.4.2. Characterization of AgNPs Nanoparticles Using 
Fourier Transform Infrared Spectroscopy (FTIR) 

The results of the FTIR characterization of the 
AgNPs-TO and TO-EE samples are shown in Figure 5. The 
FTIR spectrum shows that the 3570–3200 cm−1 
wavelength range corresponds to the functional group of 
the hydroxyl group (-OH), which originates from 
phenolic and flavonoid compounds. The presence of the 
C-H functional group in TO-EE at 2926 cm−1 and in the 
wavelength range of 2935–2915 cm−1 indicates the 
presence of alkaloids and other compounds of secondary 
metabolites [29]. The presence of a band in the 1600–
1700 cm−1 wavelength range is generally associated with 
carbonyl groups, especially when those groups are 
involved in hydrogen bonding or interacting with other 
molecules. According to Ningrum et al. [30], these groups 
indicate regions associated with C=O stretching 
vibrations in the amide structure. 

 

Figure 5. FTIR spectra of TO-EE and AgNPs-TO 
nanoparticles 

In the synthesis of silver nanoparticles, these amide 
groups can interact or coordinate with metal ions, 
thereby playing a role in both the reduction process and 
the stabilization of the nanoparticles. Additionally, the 
functional groups on the resulting AgNPs show a shift in 
wavelength or even disappear compared to TO-EE. This is 
consistent with findings previously reported by 
Velgosova et al. [31]. This indicates that a bioreduction 
process is taking place and that secondary metabolites 
play a role in reducing Ag+ to Ag0. 

3.4.3. Characterization Using a Particle Size Analyzer 
(PSA) 

The AgNPs-TO nanoparticles were characterized 
using PSA to determine their particle size and 
polydispersity index (PDI) based on three replicate 
measurements, as shown in Figure 6. The results showed 
that AgNPs-TO had an average particle size (Z-average) 
of 56.46 ± 0.251 nm and a PDI of 0.594 ± 0.021, as can be 
seen in Table 5. The particle size of AgNPs-TO falls within 
the nanoparticle range of 1–100 nm [6]. Meanwhile, the 
relatively high PDI value indicates a broad particle-size 
distribution, suggesting that the particles are not highly 
uniform in size. Maulida et al. [32] reported that 
aggregation can occur during the synthesis of extract-
mediated AgNPs, which is commonly observed in plant-
mediated nanoparticle synthesis. This behavior may be 
associated with variations in the composition of bioactive 
compounds in the extract that act as reducing and 
stabilizing agents, as well as differences in nucleation and 
growth rates during nanoparticle formation. 
Furthermore, the particle size and stability of AgNPs can 
be influenced by biomolecules acting as capping agents 
and by synthesis parameters, including extract and AgNO3 
concentrations, temperature, and reaction time [33]. 
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Figure 6. PSA results of AgNPs-TO 

Table 5. Particle size and PDI of AgNPs-TO determined 
by PSA 

Particle size PDI 

56.46 ± 0.251 0.594 ± 0.021 

3.4.4. Transmission Electron Microscopy (TEM) 
Characterization 

The results of the TEM analysis provide a visual 
representation of the AgNPs-TO product and are used to 
determine the size, shape, surface morphology, texture, 
and particle distribution. The AgNPs-TO product exhibits 
a spherical or round shape, as shown in Figure 7. The TEM 
characterization of AgNPs-TO showed an average particle 
size of 14.02 nm, indicating a broad distribution and 
suggesting polydispersity or non-uniform particle sizes. 
Based on findings from a study [34] that examined the 
differences between TEM and PSA/DLS, TEM measures 
the diameter of the metal core of nanoparticles, as this 
technique is sensitive to regions with high electron 
density. However, DLS measures the hydrodynamic 
diameter, which includes not only the metal core of the 
nanoparticles but also the capping agent layer and the 
solvent (hydration) layer adsorbed on the particle surface. 
This is also consistent with the observations reported by 
Khodeer et al. [35], whereby the AgNPs observed by TEM 
were smaller than those observed by PSA. 

Variations in the size and shape of the nanoparticles 
may be caused by the presence of bioactive molecules 
from plant extracts that adsorb onto the particle surface, 
thereby playing a role in the formation and stabilization. 
A similar phenomenon was reported by Gaddam et al. [36] 
for AgNPs synthesized using Drosera spatulata Labill. var. 
bakoensis extract. This finding is further supported by the 
study conducted by Das et al. [10]. In the case of AgNPs 
synthesized using T. orientalis extract, the particle size 
ranged from 14.04 to 34.38 nm. As shown in Figure 7, the 
SAED pattern exhibits distinct concentric rings, 
indicating the crystalline nature of the AgNPs. The rings 
consist of numerous diffraction spots, suggesting that the 
nanoparticles are polycrystalline and contain multiple 
crystallites with different orientations. 

 

Figure 7. TEM characterization of AgNPs-TO: (a) TEM 
image and (b) particle size frequency distribution 

3.4.5. Characterization Results from X-ray Diffraction 
(XRD) 

Analysis of data from XRD of the AgNPs-TO product 
revealed 2θ peaks at 38.1°, 44.4°, and 64.5°, 
corresponding to (111), (200), and (220), indicating the 
presence of silver (Ag) in the AgNPs based on data from 
JCPDS no. 00-004-0783, and the diffraction peaks 
correspond to the crystal planes of the face-centered 
cubic (fcc) structure of metallic silver, indicating that the 
silver phase is the main component in the formation of 
silver nanoparticles through an environment-friendly 
synthesis [10], as shown in Figure 8. 

AgCl peak appeared in the TO-EE-based AgNPs 
synthesis at diffraction peaks of 27.8°, 32.2°, 46.2°, 54.9°, 
57.6°, and 67°. In accordance with the AgCl diffraction 
standard (ICCD card no. 31-1238), this indicates a cubic 
crystal structure [37]. According to a study by Dagher et al. 
[38], the presence of these AgCl crystals might be caused 
by impurities in the plant extract or by the use of a solvent 
that was not fully distilled, leading to the formation of 
AgCl as a result of a reaction between Ag+ ions and Cl− ions 
in small quantities during the biological synthesis of 
nanoparticles based on the plant extract, which was 
subsequently detected by XRD. 

3.5. Antioxidant Test Using the DPPH Method 

The antioxidant activity of TO-EE and AgNPs-TO 
was evaluated using the DPPH assay, and the 
corresponding IC50 values are presented in Table 6. 
AgNPs-TO exhibited an IC50 value of 128.404 µg/mL, 
which was higher than that of TO-EE (75.597 µg/mL), 
indicating lower DPPH radical-scavenging activity. 
However, the IC50 value of AgNPs-TO was lower than that 
of ascorbic acid. A similar finding was reported by Luhata 
et al. [39], who observed lower DPPH radical-scavenging 
activity for AgNPs synthesized using O. strictum extract 
and attributed this finding to the synthesis conditions. 
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Figure 8. XRD pattern of AgNPs-TO 

Table 6. Antioxidant activity of TO-EE and AgNPs-TO 

Sample IC50 (µg/mL) 

TO-EE 75.598 

AgNPs-TO 128.404 

Ascorbic acid 12.087 

During the green synthesis of AgNPs, phenolic and 
flavonoid compounds may contribute to the reduction of 
Ag+ to metallic Ag0 via their hydroxyl (–OH) groups and 
subsequently act as capping agents to stabilize the 
nanoparticles. Consequently, some of these bioactive 
compounds may be consumed during the reduction 
process or become associated with the nanoparticle 
surface, potentially reducing the availability of free 
functional groups involved in DPPH radical scavenging. 
This may contribute to the lower antioxidant activity 
observed for AgNPs-TO compared with TO-EE. In 
addition, changes or degradation of certain bioactive 
compounds during nanoparticle synthesis may further 
affect the antioxidant activity of the resulting AgNPs [40]. 

A similar finding was reported by Srećković et al. [41], 
who observed differences in the IC50 values between the 
extract and the corresponding AgNPs. According to 
Hanum et al. [42], antioxidant activity based on IC50 
values can be classified as very strong (<50 mg/L), strong 
(50–100 mg/L), moderate (100–150 mg/L), weak 
(150– 200 mg/L), and very weak (>500 mg/L). Based on 
this classification, TO-EE, with an IC50 value of 75.597 
µg/mL, is categorized as a strong antioxidant, whereas 
AgNPs-TO, with an IC50 value of 128.404 µg/mL, is 
categorized as a moderate antioxidant. These results 
indicate that both TO-EE and AgNPs-TO exhibit 
antioxidant activity, although TO-EE showed stronger 
DPPH radical-scavenging activity than AgNPs-TO. 

3.6. Toxicity Test Results Using the BSLT Method 

The toxicity test was conducted using the BSLT as an 
initial screening method to evaluate the toxicity of TO-EE 
and AgNPs-TO intended for use in active packaging. The 
LC50 values obtained were used to assess the toxicity 
levels of the tested materials. According to Pranata et al. 
[43], materials with an LC50 <30 µg/mL are classified as 
highly toxic; those with an LC50 <1000 µg/mL are 
classified as toxic; and those with an LC50 >1000 μg/mL 
are considered non-toxic. The LC50 results for TO-EE and 
AgNPs-TO are shown in Tables 7 and 8. 

Table 7. BSLT results and LC50 value of TO-EE 

Concentration 
(ppm) Amount 

Mortality 
(%) 

LC50 
(ppm) 

0 0.00 ± 0.00 0.00  

100 0.33 ± 0.58 3.33  

250 1.00 ± 0.00 10.00 >1000 

500 1.33 ± 0.58 13.33  

750 1.67 ± 0.58 16.67  

1000 2.33 ± 0.58 23.33  

Table 8. BSLT results for AgNPs-TO 

Concentration 
(ppm) Amount 

Mortality 
(%) 

LC50 
AgNPs-TO 

0 0.00 ± 0.00 0.00  

2.5 0.00 ± 0.00 0.00  

5 1.33 ± 0.58 13.33 35.64 

10 2.33 ± 0.58 23.33  

25 3.33 ± 0.58 33.33  

50 6.00 ± 0.00 60  

The one-way ANOVA analysis results indicate that 
variations in extract concentration have a significant 
effect on Artemia salina mortality, as evidenced by an 
F- value of 10.00 and a p-value < 0.001. This indicates a 
significant difference among treatments, where an 
increase in extract concentration significantly affects 
larval mortality rates. 

The AgNPs-TO results were similar to those of TO-
EE, showing that variations in AgNPs concentration had a 
highly significant effect on the mortality of Artemia salina 
larvae. This was demonstrated by a calculated F-value of 
94.20 with a p-value < 0.001, indicating a significant 
difference among the concentration treatments. 
Therefore, an increase in AgNPs concentration has a 
significantly different effect on larval mortality rates. 

The BSLT results showed that AgNPs-TO had a lower 
LC50 than TO-EE, indicating greater toxicity toward 
Artemia salina larvae. Niranjan et al. [44] also reported 
similar findings, with in vivo toxicity tests in rats showing 
a relatively high tolerance to AgNPs at doses of up to 
>2000 mg/kg, although dose-dependent 
histopathological changes were observed in certain 
organs. In the context of the EFSA safe limit for AgNPs in 
food packaging, which is 10 mg/kg, a concentration of 
5 μg/mL is still considered safe [45]. 

3.7. BP/AgNPs-TO Alginate-Based Biofilm 

The visual examination of the biopolymer films 
containing AgNPs-TO at various concentrations 
generally showed a homogeneous appearance, ranging in 
color from transparent to slightly yellowish, and no 
significant cracks or macroscopic defects (Figure 9). This 
indicates that the addition of AgNPs-TO did not interfere 
with the overall formation of the biopolymer matrix. 
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Figure 9. BP/AgNPs-TO biofilm product 

 

Figure 10. FTIR spectra of BP/AgNPs-TO 

 

Figure 11. Antiphotooxidation results 

According to the BSLT results, an AgNPs-TO 
concentration of 5 ppm was classified as safe and showed 
no significant toxic effects. Therefore, further FTIR 
analysis focused on biopolymer samples without AgNPs 
(0 ppm) and with AgNPs-TO at 5 ppm, representing the 
control and safe optimal conditions, respectively. The 
FTIR spectra showed the presence of –OH and COO⁻ 
groups, along with shifts in the bands toward lower 
wavenumbers. The absorption bands in the 400–1100 
cm−1 range further confirmed the formation of AgNPs 
[46]. The FTIR spectra are presented in Figure 10. 

3.8. Antiphotooxidation Test on Linoleic Acid 

At the optimal wavelength of 232 nm, corresponding 
to conjugated diene formation [20], the results showed 
that the 15 ppm AgNPs-TO sample provided the most 
effective protection of the linoleic acid lipid system at the 
third hour, followed by the 10 ppm BP/AgNPs-TO sample. 
Compared with the negative control, the presence of 
bioactive compounds with antioxidant activity reduced 
the conjugated diene values [19]. 

All samples showed a downward trend at the third 
hour, indicating a temporary inhibition of hydroperoxide 
formation. After that time, the values increased again, 
indicating that the oxidation process continued over time. 
This may be due to the possibility that the bioactive 
capping agent compounds of AgNPs protecting the 
emulsion decreased over the course of the test, as shown 
in the diagram in Figure 11. Additionally, according to the 
literature [19], the higher values observed may be 
attributed to sample instability during testing or 
irregularities within the system. 

3.9. Thickness, Water Absorption, and Tensile Strength 
of BP/AgNPs-TO 

The physical characteristics of the BP/AgNPs-TO 
film, as determined by thickness measurements taken at 
three points, indicate that an increase in AgNPs 
concentration increases the biopolymer thickness to 133.3 
mm (0.0133 cm). The thickness of the biopolymer is 
influenced by its solid content. The results meet the 
Japanese Industrial Standard (<0.025 cm) [22], as shown 
in Figure 12. 

The water absorption of the biopolymer films 
increased with increasing AgNPs-TO concentration, with 
the highest value observed at 25 ppm. The relatively high 
water absorption of the films can be attributed to the 
inherently hydrophilic nature of the alginate/PEG matrix. 
Alginate contains abundant hydroxyl and carboxyl groups 
[47], while PEG is also hydrophilic and may further 
enhance water absorption. Similar observations were 
reported for silver–alginate nanocomposite films, where 
the addition of AgNPs resulted in a rough and porous film 
morphology [48]. The relatively low concentration of 
CaCl2 used for the cross-linking process may also 
contribute to the high water absorption rate. 



 Jurnal Kimia Sains dan Aplikasi 29 (7) (2026): 491-504 501 

 

Figure 12. (a) Water absorption and (b) BP/AgNPs-TO thickness diagrams 

Table 9. Tensile strength of BP/AgNPs-TO 

Sample 
(ppm) 

Tensile strength 
(MPa) 

0 20.14 

5 5.15 

The tensile testing results of the BP/AgNPs-TO 
biofilm showed that the tensile strength decreased from 
20.1 MPa without AgNPs (0 ppm) to 5.15 MPa with the 
addition of 5 ppm AgNPs-TO, as shown in Table 9. This 
decrease indicates that the presence of silver 
nanoparticles affected the mechanical properties of the 
biopolymer film. The reduced tensile strength may be 
attributed to disrupted interactions between polymer 
chains due to the presence of AgNPs in the film matrix. 
This finding is consistent with previous research [48], 
which reported that the incorporation of AgNPs can 
reduce intermolecular interactions between alginate 
chains. The film without AgNPs exhibited the highest 
tensile strength, indicating that the presence of AgNPs 
may weaken the interactions between alginate 
biopolymer chains. 

The low tensile strength of the BP/AgNPs-TO film 
with 5 ppm AgNPs is likely due to the uneven distribution 
of nanoparticles resulting from agglomeration within the 
alginate matrix. This is supported by the PSA results, 
which showed a PDI greater than 0.5, indicating a broad 
particle size distribution and a tendency toward 
nanoparticle agglomeration, which may lead to the 
heterogeneous dispersion of AgNPs within the 
biopolymer matrix. This condition causes the mechanical 
properties of the film to be inconsistent across different 
sections [48]. 

4. Conclusion 

Based on the results of this study, the AgNPs-TO 
nanoparticle product was successfully synthesized using 
an environmentally friendly method. The success of the 
synthesis was confirmed by characterization, namely 
through the appearance of a UV-Vis absorption peak at 
430 nm, changes in functional groups in the FT-IR 
spectrum, an average particle size of 56.46 nm with a PDI 
of 0.594, and spherical particle morphology with a 
heterogeneous distribution. Analysis of XRD revealed 
characteristic peaks of metallic silver with a face-
centered cubic (fcc) crystal structure. The resulting 
AgNPs-TO exhibited good antioxidant activity and anti-
photooxidation capabilities when applied to active 

biopolymer films, with optimal results at a concentration 
of 15 ppm and a BP/AgNPs-TO ratio of 10 ppm. Based on 
the preliminary results of the BSLT test, the 5 ppm AgNPs 
formulation was selected as the optimal formulation due 
to its relatively low acute toxicity, satisfactory 
mechanical properties, and its effective ability to inhibit 
lipid photooxidation. Additionally, the addition of AgNPs 
also affects the physical characteristics of the film, 
particularly by increasing film thickness and water 
absorption, while decreasing tensile strength. Future 
studies should optimize the AgNPs concentration and 
film formulation to improve mechanical properties and 
nanoparticle dispersion, while migration and cytotoxicity 
studies are needed to ensure the safety of AgNP-based 
biopolymer films for food packaging applications. Thus, 
T. orientalis leaves have the potential to be utilized as a 
natural bioreductant and can be applied for the 
development of environmentally friendly food packaging. 
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