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Abstract To date, research endeavours are progressively oriented toward uncovering 
sustainable approaches for synthesizing metal nanoparticles. Biosynthesis methods involving 
plants have emerged as a viable alternative to foster environmental sustainability. This study 
explores a one-pot and room-temperature method for synthesizing silver nanoparticles (AgNPs) 
using agricultural waste, Garcinia mangostana pericarp (GMP), to degrade tetracycline cost-
effectively. High-performance liquid chromatography (HPLC) detected the presence of α-
mangostin, suggesting a dual-functioning agent in reduction and stabilization in the green 
synthesis. Ultraviolet-visible spectroscopy (UV-Vis) monitored stable colloid formation and 
revealed that the formation of AgNPs depends on molar ratio and pH. The optimal conditions for 
this single-step biosynthesis are: a molar ratio of extract to silver nitrate at 1:31, a basic 
environment with the extract at pH 10, and an incubation time of 2 hours. The successfully 
biosynthesized AgNPs were characterized using Fourier transform infrared (FTIR) spectroscopy, 
X-ray diffraction (XRD), field emission scanning electron microscope with energy dispersive X-ray 
(FESEM-EDX), and high resolution-transmission electron microscope (HR-TEM). The 
characterization unveiled the synthesis of uniformly spherical-shaped and mono-dispersed AgNPs 
with a size range of 8 to 22 nm and an Ag mass percentage of 65.5%. X-ray diffraction analysis 
confirmed the synthesized nanoparticle’s face-centered cubic (FCC) crystalline nature with the 
(111) plane as the dominant peak. The photocatalytic performance of AgNPs was evaluated 
through the removal of tetracycline under ultraviolet (UV) light. The biosynthesized AgNPs 
demonstrated a degradation rate of 79%, with a constant rate 33 times greater than just by 
photolysis. These findings indicate that the plant-mediated biosynthesis of AgNPs is a promising 
photocatalyst for environmental remediation against tetracycline contaminants. 
Keywords: Garcinia mangostana, biosynthesis, silver nanoparticles, photocatalytic, tetracycline. 

 

 
Introduction 
 
Nanotechnology refers to research and development of technology at the nanoscale, primarily focusing 
on materials with a size range of 1 to 100 nm [1]. Over the past few decades, nanotechnology as an 
emerging scientific field has experienced a rapid evolution due to the development of nanoparticles 
(NPs). NPs exhibit good catalytic, optical, electrical, and biological properties, thereby rendering them 
valuable across various applications. Noble metal NPs consist of metals such as gold, platinum, 
palladium, silver, and zinc. Among them, silver nanoparticles (AgNPs) have garnered significant attention 
in the scientific community due to the discovery of their unique properties. In the domain of metal NPs, 
AgNPs hold widespread applicability across fields from electronics to environmental remediation. AgNPs 
was found to enhance the performance of electrically conductive adhesives [2]. Additionally, AgNPs have 
proven effective as antimicrobial agents, combating bacteria such as Escherichia coli [3]. Furthermore, 
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research has proven that AgNPs are exceptional catalysts in accelerating the degradation of certain 
organic pollutants [4]. 
 
The synthesis of AgNPs can be accomplished using various techniques such as conventional and 
biological methods. Previously, conventional methods such as chemical reduction, chemical vapour 
deposition, laser ablation, and sputtering were extensively used for metal nanoparticle synthesis which 
were categorized into physical and chemical reduction methods [5]. These conventional methods were 
preferred for their capacity to produce large-scale nanoparticles at precise sizes in a short amount of 
time. However, the drawback of these conventional methods lies in the production of toxic by-products, 
prolonged processing time, and high cost. The toxicity issue in chemical reduction methods arose from 
using hazardous reducing agents like sodium borohydride (NaBH4) that pose environmental risks [6]. 
Furthermore, chemical vapour deposition is less efficient due to its long processing time [6]. Meanwhile, 
the laser ablation and sputtering methods are costly as they require expensive equipments with high 
energy consumption [7]. Due to the multiple challenges and potentially hazardous effects associated 
with conventional methods for AgNPs synthesis. It is also essential to develop alternative approaches 
for synthesizing nanoparticles that are cost-effective and rely on eco-friendly, renewable resources such 
as phytochemical constituents from plants. As such, these factors result in a shift towards biosynthesis. 
This involved applying the principles of green synthesis as a rapidly evolving chemical science. Recent 
findings have highlighted the efficacy of various plants from Bryophyllum pinnatum, Dracaena 
cochinchinensis, Hibiscus cannabinus L., Dilenia indica, and Cannabis sativa. Moringa oleifera, and 
Eugenia roxburghii DC in producing AgNPs [8-14]. These botanical sources contain bioactive 
compounds that plants use as reducing and capping agents in facilitating the biological conversion of 
metal ions into metallic nanoparticles [1]. 
 
Garcinia mangostana Linn (G. mangostana), a species of Guttifeare family, is a slow-growing evergreen 
tree with a pyramidal crown. Famously known as the ‘mangosteen’ and hailed as the ‘queen of fruits’ 
due to its tropical taste, the fruit of G. mangostana is a subglobose berry enveloped in a purple pericarp. 
It has 4-8 triangular segments of soft, juicy flesh with a mild acidic taste [15]. G. mangostana is cultivated 
widely in Southeast Asia, including Malaysia, Thailand, and Philippines [16]. Additionally, G. mangostana 
is a significant crop in Malaysia due to this region’s ideal climate, which provides suitable humidity and 
temperature for growing this species. G. mangostana is renowned for its diverse pharmacological 
properties, such as anti-cancer, anti-inflammatory, anti-bacterial, and anti-oxidant [17-20]. The 
mangosteen shows a transitioning colour from yellowish-white to reddish-purple as it ripens. It is widely 
commercialized in the food industry as it is consumed freshly and processed into juice and jam [21]. 
Phytochemical exploration of G. mangostana has revealed that prenylated and oxygenated xanthones 
are promising secondary metabolites responsible for the diverse bioactivities exhibited by the plant [22]. 
Recently, G. mangostana was utilized as a reducing agent in the synthesis of AgNPs and demonstrated 
its efficacy as an inhibitory agent against Pseudomonas aeruginosa and Staphylococcus aureus, as well 
as its significant catalytic reduction of dyes like rhodamine B (RhB), methyl orange (MO), and 4-
nitrophenol (4-NP) [6]. Despite these promising results, there remains a scarcity of research on 
biosynthesis using G. mangostana, specifically its bioactive compounds like α-mangostin as a major 
xanthone. This scarcity limits the exploration of its potential application in contamination remediation, 
especially concerning active pharmaceutical ingredients (APIs). 
 
The pharmaceutical industry stands out as one of the pivotal industries contributing significantly to a 
country’s economy. Despite the swift growth of the pharmaceutical industry, understanding of the global 
prevalence of pharmaceuticals in rivers is still limited. Global studies have detected a diversity of APIs 
that are inevitably released into rivers, lakes, and other water bodies during their production, utilization, 
and disposal [23]. The existence of APIs in aquatic environments carries ecological consequences, 
potentially influencing the reproductive process, disrupting endocrine systems, and contributing to the 
development of antibiotic-resistant bacteria. Aside from analgesic medications, antibiotics are one of the 
most widely manufactured pharmaceuticals. Tetracycline has gained notable prominence among the 
commonly used antibiotics attributed to its broad-spectrum effectiveness, affordability, and robust 
efficiency [24]. The human daily intake of tetracycline is estimated at 23 kg per day worldwide [25]. 
Consequently, the environmental and human health implications of excessive tetracycline usage have 
become a concern. This attracts the attention of researchers to develop a proper wastewater treatment 
process for restoring polluted environments. 
 
Analysis of existing literature reveals a limited number of studies investigating agricultural waste's 
capability to synthesize AgNPs. The mangosteen pericarp, in particular, may potentially be utilized for 
AgNPs synthesis due to its high content of α-mangostin. Therefore, this study aimed to determine the 
optimal conditions for fast and economical production of AgNPs with maximum effectiveness in 
tetracycline removal by using G. mangostana pericarp (GMP). The parameters such as molar ratio of 
GMP:AgNO3, pH of GMP extract, and incubation time were investigated. To the best of our knowledge, 
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available resources on the degradation of antibiotics using green AgNPs produced via the biosynthesis 
approach are still limited. 
 
Materials and Methods 
 
The materials used in this research were acetonitrile [HPLC grade], silver nitrate AgNO3 [Sigma-aldrich 
(99.99%)], tetracycline [Sigma-aldrich (98.00%)], and absolute ethanol [HmBG (99.90%)]. All materials 
were used as-received without further purification. Deionized water was used throughout the 
experiments. 
 
Preparation of Plant Extract 
Fresh fruits of G. mangostana were collected from Kota Tinggi, Johor, Malaysia. The pericarp was pared, 
washed to remove the dust, and air-dried for a fortnight. The dried sample was cut into small pieces and 
ground into powder. About 10 g of powdered pericarp was mixed with 50 mL of deionized water. The 
mixture underwent further extraction using sonication, where it was placed in an ultrasonic bath at 20 
kHz for an hour at 50 °C. The extract was filtered using Buchner funnel filtration twice for a refined 
solution. The GMP extract was stored in a dark bottle and refrigerated for further use. 
 
Identification of α-mangostin 
Determination of α-mangostin in the previously prepared GMP extract was carried out using high-
performance liquid chromatography (HPLC). The GMP extract underwent freeze-drying to yield a crude 
extract. The stock solution (1 mg/mL) was then prepared by weighing 3 mg of GMP crude extract and 
dissolving it in 3 mL acetonitrile. Subsequently, the solution was filtered using a MILLEX 0.22 µm 
membrane filter. For analysis, Shimadzu LC-20ADXR with a photodiode array (PDA) detector equipped 
with an auto-sampler was employed under isocratic conditions. The Supelco Ascentis C-18 column (250 
mm x 4.6 mm x 5 µm) was utilized and two mobile phases: A (20% deionized water) and B (80% 
acetonitrile), were pumped at a flow rate of 1.0 mL/min at room temperature. A 10 µL was used and the 
photodiode array was monitored at 243 nm. The chromatographic peak was confirmed by comparing its 
spectra and retention time with the reference standard. 
 
Biosynthesis of Silver Nanoparticles 
The biosynthesis of AgNPs involved mixing an aliquot of AgNO3 with GMP extract as a capping and 
stabilizing agent. 1 mM AgNO3 solution was prepared by stirring 16.9 mg of AgNO3 in 100 mL of 
deionized water for one hour at room temperature. A sufficient amount of GMP extract reacted with 1 
mM AgNO3 solution at room temperature. Confirmation of AgNP formation was based on colour shifts to 
yellowish-dark brown and the presence of a broad peak at UV. The resulting colloidal solution underwent 
centrifugation at 4000 rpm for 30 min. The sediment was re-dispersed in deionized water and centrifuged 
again to eliminate impurities. The method was repeated twice. The resulting suspension was then dried 
in a vacuum oven overnight before analysis. 
 
Biosynthesis Optimizing 
To maximize the production of AgNPs and enhance their efficiency, various parameters have to be 
optimized. These parameters include the different molar ratios for GMP:AgNO3 (1:11, 1:14, 1:17, 1:22, 
and 1:31), adjusting the pH of GMP extract (2, 4, 6, 8, and 10), and varying the incubation time (1 to 5 
hours). The systematic optimization of these parameters will help to achieve the desired results of AgNP 
synthesis. 
 
Characterization of Biosynthesized Silver Nanoparticles 
The bio-reduction of the Ag⁺ ions in the solution was monitored using UV-visible spectroscopy (UV-Vis) 
in quartz cuvettes with a double-beam spectrometer (Shimadzu UV-1610PC) in the 270–800 nm range. 
Identification of functional groups using Fourier-transform infrared spectroscopy (FTIR) was carried out 
by Perkin-Elmer Spectrum 1600 at 4000–500 cm-1 using the potassium bromide pressed disc method. 
The XRD patterns of dried NPs pellets were generated using a Rigaku X-ray diffractometer (SmartLab 
model) with Cu Kα radiation (λ = 1.5418 Å), operating at 30 mA and 40 kV. The average crystallite size 
of AgNPs was calculated using Debye-Scherrer in Equation (1): 
 

D = 
𝐾𝐾𝐾𝐾

𝛽𝛽 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃
                                                                     (1) 

where D is the crystallite size, 𝐾𝐾 is the Scherrer’s constant, 𝜆𝜆 is the Cu Kα wavelength, β is the full width 
at half maximum (FWHM) of the maximum intensity peak, and 𝜃𝜃 is the Bragg’s diffraction angle. 
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Nanoparticle morphology was analysed through images obtained with a high-resolution transmission 
electron microscope (HRTEM JEOL JEM-2100) and field emission scanning electron microscope 
(FESEM JSM-6701F) equipped with energy dispersive X-ray (EDX) attachment. The polydispersity of 
the biosynthesized AgNPs was calculated using Equation (2). The specific pore size distribution was 
determined by multipoint Brunauer-Emmet-Teller (BET) analysis using Micromeritics ASAP 2020 using 
N2 as adsorbed gas. 

 
                                                                   PDI =  𝜎𝜎

𝜇𝜇
 x 100%                                                              (2) 

where PDI is the polydispersity index, 𝜎𝜎 is the standard deviation, and 𝜇𝜇 is the average nanoparticle 
size. 
 
Photocatalytic Activity of Biosynthesized Silver Nanoparticles 
In this study, the degradation of tetracycline was chosen as the model to assess the photocatalytic 
performance of bio-synthesized AgNPs under UV light. AgNPs photocatalyst weighing 0.05 g was 
introduced into 60 mL of 30 ppm tetracycline solution. The solution was then placed in a box under a UV 
light source featuring a 6 W lamp from Vilder Lourmat and was continuously stirred using a magnetic 
stirrer. The reaction was conducted for 4 hr. At 20 min intervals throughout the reaction, 3 mL of the 
tetracycline solution was extracted, and its concentration was analysed using a UV-Vis spectrometer at 
a wavelength of 365 nm, which is a characteristic absorption for tetracycline. The degradation of 
tetracycline and rate constant (k) was calculated using the following formula stated in Equations (3) and 
(4), simultaneously. 
 

 

                                                                                                        
𝐶𝐶𝑖𝑖− 𝐶𝐶
𝐶𝐶𝑖𝑖

 x 100%                                                                   (3) 

where, 𝐶𝐶𝑖𝑖  and 𝐶𝐶 are the concentration of tetracycline after 1 hr in dark reaction and after UV exposure, 
respectively. 
 
Equation (4) was used to measure the rate constant (k) for each sample. 

 
 

                                                                                                         ln
𝐴𝐴
𝐴𝐴0

 = -kt                                                                          (4) 

where, 𝐴𝐴 and 𝐴𝐴0 are the absorbance of tetracycline at a particular time interval and time 0, k is the rate 
constant and t is the reaction time. 
 
Results and Discussion 

 
Identification of α-mangostin 
In this part, the potential of target α-mangostin involved in the biosynthesis of AgNPs is discovered. 
Isocratic elution was favoured over gradient elution due to its maximum loading capacity and faster 
separation speed [26]. Figures 1(a) and 1(b) illustrate the chromatogram of reference α-mangostin and 
the GMP crude extract, respectively. In Figure 1(a), an unambiguous and narrow peak appeared at 8.59 
min, corresponding to α-mangostin. Meanwhile, Figure 1(b) revealed several peaks, with a prominent 
peak observed at 8.60 min. Hereby, the presence of α-mangostin in the GMP crude extract was validated 
by comparing the retention time with the reference peak. The α-mangostin present in the GMP extract, 
is classified within the category of polyphenolic compounds. Compounds containing phenols are 
recognized for their good reducing capabilities, making them valuable for the synthesis of metal 
nanoparticles [27]. 
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Figure 1. HPLC chromatograms of (a) α-mangostin and (b) Garcinia mangostana pericarp (GMP) extract 
 
 

UV-Visible Spectroscopy Characterization 
The UV-Vis analysis was conducted to observe the changes in reaction parameters including molar ratio, 
pH, and incubation time impact the biosynthesis of AgNPs. The absorption peak was assigned to the 
surface plasmon resonance (SPR) band of AgNPs, resulting from the collective oscillation of conduction 
electrons in the NPs by incident light [28]. 
 
Effect of Molar Ratio 
In this optimization process, the incubation time of 24 hr and pH 6 were fixed. Different molar ratios were 
employed, thus leading to the observation of a broad peak in UV spectroscopy. Figure 2(a) illustrates 
the SPR bands ranging between 420 to 450 nm. The change in solution colour from light yellow to dark 
brown represents a common characteristic of AgNPs biosynthesis. Based on Figure 2(b), positive 
changes in colour were observed for all solutions after 24 hr, suggesting the occurrence of a reduction 
reaction. These colour changes result from the strong absorption of visible light induced by the excitation 
of surface plasmon in the nanoparticles [29]. Notably, the reaction mixture with GMP:AgNO3 of 1:31 
exhibited a rapid and intense darkening and also the highest intensity of SPR compared to the other 
molar ratios. The UV-Vis peak is more prominent with a higher volume of AgNO3, indicating the formation 
of a greater amount of nanoparticles per unit volume at this particular rate [30]. 
 

  

Figure 2. Optimization on GMP:AgNO3 molar ratio demonstrated by (a) UV-Vis spectra of the reaction and (b) colour transition of 
colloidal Ag after 24 hours 

 
 
 

(a) (b) 

(a) (b) 
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Effect of pH 
The critical function of the pH value of aqueous extract was emphasized in the synthesis of AgNPs 
through the incorporation of GMP. The absorption spectra of colloidal Ag influenced by the pH, are 
illustrated in Figure 3(a). A noticeable colour transformation of colloidal Ag was observed in Figure 3(b) 
with varying pH values from 2 to 10. The solution displayed a faint purplish-pink colour at pH 2 and 4, 
transitioning from a clear to pale orange shade at pH 6. Meanwhile, an intense yellow-brownish colour 
reflected at pH 8 and 10. This corresponded with UV-Vis spectra at different pH values revealing the 
initiation of the SPR band and enhancement of absorption intensity starting at pH 6. The detected 
maximum peaks at pH 6, 8, and 10 exhibited blue shifts around 438, 425, and 420 nm, respectively. This 
phenomenon suggests a reduction in the size of nanoparticles with increasing pH [31]. The difference in 
λmax indicates the difference in size and shape of AgNPs [32]. The absence of SPR bands at pH 2 and 
4 is due to the electrostatic repulsions between H⁺ and AgNO3⁻, which resulted in a gradual and less 
efficient reduction process as reported in the previous study [33]. In contrast, AgNP formation has proved 
favourable in an alkaline environment due to the ionization of functional groups such as OH⁻ on the 
AgNPs’ surface, which also helps prevent agglomeration as a capping agent [34-35]. However, due to 
the correlation between higher pH levels and the formation of larger and non-uniform particles, this study 
was concluded at pH 10. 
 

  
 
Figure 3. Optimization on pH of GMP extract demonstrated by (a) UV-Vis spectra of the reaction and (b) colour transition of 
colloidal Ag with increasing pH after 2 hours 

 
 
Effect of Incubation Time 
Following the optimization of the GMP to AgNO3⁻ molar ratio and the GMP pH, the impact of incubation 
time at various intervals was conducted and shown in Figures 4(a) and 4(b). It was observed that a slight 
adjustment in absorption intensity occurred with an extension of the reaction time up to 5 hr. Additionally, 
the SPR peak exhibited stability within the range of 420 to 428 nm, indicating the absence of blue or 
redshifts. Notably, the colloidal solution maintained its colour consistency from 2 to 5 hr, with no 
observable changes. Recently, a study focused on the usage of G. mangostana for AgNP synthesis 
stated that the silver nitrate solution required 3 hr for the colour to change from colourless to deep brown 
[36]. In contrast, this study observed a rapid change to a yellow-brownish colour within 2 hr. 
Consequently, an incubation time of 2 hr was considered optimal for synthesizing AgNPs. This highlights 
that once the reaction attains an optimal state, the incubation time halts to be a critical parameter. 
 
 

(a) (b) 
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Figure 4. Optimization on incubation time demonstrated by (a) UV-Vis spectra of the reaction of colloidal Ag and (b) plot of 
maximum absorbance as a function of time 

 
 

Functional Groups Determination 
In this study, FTIR was employed to identify the functional groups within GMP extract accountable for 
the conversion of Ag⁺ to Ag0 atoms. According to Figure 5(a), the GMP extract spectrum revealed major 
peaks in the absorption band at 3255 cm⁻1 (–OH), 2964 and 2925 cm⁻1 (C-H), 1611 and 1455 cm⁻1 (C=C), 
1643 cm⁻1 (C=O), and 1281 cm⁻1 (C-O). The depicted spectrum of biosynthesized AgNPs in Figure 5(b) 
illustrates an obvious decrease in the intensity of the bands within the fingerprint region around 600-
1400 cm⁻1 after the introduction of AgNO3 into GMP extract. This reduction strongly indicates the 
completion of AgNP synthesis and signifies the removal of GMP extract as a precursor in the process. 
The absorption band at 3425 cm⁻1 is attributed to the hydroxyl group that provides electrons for the 
reduction of Ag ions [33]. Additionally, this band broadened as the –OH group from the extract became 
bound to the surface of synthesized AgNPs, indicating intermolecular hydrogen bonding around AgNPs 
[37]. The peak observed around 2800 – 2980 cm-1 corresponds to C-H stretching present in the bi-
product of GMP extract [38]. A peak at 2368 cm-1 was assigned to –CN stretching, as stated by Perera 
et al. [39]. The oxidation of the C-O bond (1281 cm⁻1) to C=O results in a broad peak at 1615 cm⁻1, 
coinciding with the reduction of Ag⁺. A narrow peak at 1384 cm⁻1 suggests the binding of silver ions with 
carboxylate groups from GMP extract [40]. Furthermore, the narrow peak also corresponds to C-H 
symmetric vibration, a feature present in GMP extract [41]. The FTIR findings show the pivotal role of 
functional groups in GMP extract, contributing to the reduction and capping of green synthesized AgNPs. 
 

 
 

Figure 5. FTIR spectra of the (a) GMP extract and (b) biosynthesized AgNPs recorded in the range of 
4000 to 500 cm-1 

(a) (b) 
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X-ray Crystallography Analysis 
X-ray diffraction (XRD) was used to determine the crystal structure of the AgNPs synthesized using GMP 
extract. The XRD measurement followed the Bragg-Brentano geometry, allowing for the investigation of 
the crystal nanostructure of the AgNPs. Figure 6 displays the XRD diffractogram of the biosynthesized 
AgNPs. The prominent peak confirms the polycrystalline nature of the synthesized AgNPs and ensures 
the face-centered cubic (FCC) structure [42]. The four diffraction peaks at 2θ values were observed 
around 38.10, 44.29, 64.42, and 77.37°. By referencing Bragg reflections and Miller indices (hkl), these 
peaks were identified and corresponding to the (111), (200), (220), and (311) crystallographic planes, 
respectively (reference: Joint Committee on Powder Diffraction Standards, JCPDS file No. 04-0783). 
The size of AgNPs on the intense (111) plane is measured at 8.96 nm, whereas the average crystallite 
size of AgNPs was calculated to be 14.24 nm using Debye-Scherrer equation. 
 

 
 

Figure 6. XRD diffractogram of biosynthesized AgNPs following JCPDS file No. 04-0783 
 
 
Morphological and Elemental Analysis 
FESEM-EDX and HR-TEM analyses were subsequently performed to determine the size, structure, and 
morphology of the AgNPs incorporated with GMP extract as a capping and stabilizing agent. The diverse 
sizes of nanoparticles were investigated at different magnifications, specifically 500 and 300 nm, as 
depicted in Figures 7(a) and 7(b), respectively. The results revealed that the biosynthesized AgNPs 
represented an almost spherical morphology with aggregations. The observation of larger particles 
attributed to agglomeration, given the high surface tension of ultrafine AgNPs [43]. To assess the purity 
of the synthesized AgNPs, EDX analysis was conducted to provide a semi-quantitative elemental 
analysis of Ag atoms in the study. As illustrated in Figure 7(c), the EDX analysis depicts a strong signal 
in the Ag region at approximately 3 keV, validating the presence of AgNPs with a mass percentage of 
65.5%. The Ag metal exhibits a typical optical absorption peak between 2 to 4 keV due to SPR [44]. 
Additionally, other signals were detected, originating from elements in the G. mangostana pericarp as a 
starting material involved in stabilizing AgNPs [45]. 
 
 



 

e-ISSN 2289-599X | DOI: https://doi.org/10.11113/mjfas.v21n3.3797 2040 

Mohd Rozi et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 21 (2025) 2032-2044 

 
 

          
 

Figure 7. FESEM imaging at different magnifications (a) 500 nm; (b) 300 nm and (c) elemental mapping of biosynthesized AgNPs 
 
 
For better clarification, HR-TEM was employed to provide insight into the size characteristic of AgNPs. 
The HR-TEM images presented in Figures 8(a) and 8(b) illustrate selected regions at different 
magnifications. In Figure 8(a), the image reveals dispersed spherical nanoparticles and agglomeration 
of smaller particles, confirming the findings obtained by FESEM. The size range of synthesized AgNPs 
is determined to be between 8–22 nm, with an average nanoparticle size of 13.42 nm. Figures 8(c) and 
8(d) display images of high-resolution TEM along with its corresponding FFT plot and SAED pattern. 
The observed d-spacing of AgNPs was determined to be 0.227 nm associated with the (111) plane [46]. 
This observation aligns with the sized and crystallographic plane indicated by the XRD results, 
demonstrating consistency. The polydispersity of the biosynthesized AgNPs was calculated to be 
0.064% using Equation (2). This result supports successfully synthesizing more uniformly sized and 
mono-dispersed Ag nanoparticles using mangosteen extract [47]. 
 

 
 
 
 
 
 
 

(a) 

(c) 

(b) 
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Figure 8. HR-TEM images at selected regions (a) 500 nm with particle size distribution; (b) 300 nm; (c) FFT plot and (d) SAED 
pattern of biosynthesized AgNPs 

 
 
Photocatalytic Evaluation on Tetracycline 
The photocatalytic activity on tetracycline by the synthesized AgNPs was evaluated once the adsorption-
desorption equilibrium was achieved (following a 1 hr interaction period under dark conditions). Self-
degradation of tetracycline was conducted to ensure the observed outcomes were not solely attributed 
to photolysis. The experimental findings indicate that only a minimal portion of tetracycline undergoes 
degradation when exposed to UV light without a photocatalyst. The photolysis of tetracycline remains 
relatively stable under UV light, with a 6% degradation rate as illustrated in Figure 9(a). Nevertheless, in 
the presence of AgNPs, tetracycline exhibits increased instability with approximately 80% of its initial 
concentration degrading over 4 hrs period. As depicted in Figure 9(a), noticeable degradation begins at 
40 min, with 24% of the initial concentration already degraded. This trend continues consistently up to 3 
hrs, reaching a degradation percentage of 69%, followed by a gradual decline up to 4 hrs and reaching 
its equilibrium. In the equilibrium state, all the active sites have been filled with the adsorbed tetracycline 
molecules. Therefore, extending the experiment will not yield any significant difference. It is noteworthy 
that tetracycline necessitates higher energy and a longer time for degradation, given its light absorption 
at lower wavelengths, specifically around 345 and 270 nm [48]. 
 
 

(a) (b) 

(c) (d) 
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Figure 9(b) illustrates the correlation between ln (A/Ao) and time (min). The analysis revealed adherence 
to the pseudo-first-order kinetic model that showcases a linear relationship. Simultaneously, the rate 
constant (k) was calculated using Equation (4). The calculated values were 0.0002 and 0.0066 min-1 for 
the control and Ag photocatalyst, respectively. In comparison, biosynthesized Ag exhibited a kinetic 
constant 33 times higher than the photolysis in degradation tetracycline at 30 ppm. Numerous studies 
have been conducted on the degradation of tetracycline involving modification or deposition of silver. 
However, there is a lack of research specifically focusing on using single AgNPs alone for this purpose. 
The finding from this study indicates a successful photocatalytic performance in tetracycline degradation 
using a simple green-synthesized Ag photocatalyst. 
 

  
 
Figure 9. Photocatalytic degradation of tetracycline using biosynthesized AgNPs demonstrated by (a) degradation percentage and (b) 
kinetic graph 

 
Conclusions 
 
Herein a straightforward and sustainable method utilizes G. mangostana pericarp waste as a reducing 
and stabilizing agent with silver nitrate as a metal precursor to synthesize AgNPs at room temperature. 
The involvement of α-mangostin in this biosynthesis was proven qualitatively using HPLC. Optimization 
studies highlighted the significance of the molar ratio GMP:AgNO3 and the pH extract in regulating the 
synthesis rate, resulting in consistently spherical nanoparticles with crystallite size. The biosynthesized 
AgNPs exhibited notable effectiveness in tetracycline adsorption under UV light. Furthermore, the AgNPs 
demonstrated promising potential for application in wastewater management and the pharmaceutical 
industry. Nevertheless, the biosynthesis approach holds promise for future improvement in a wide range 
of catalysis reactions and further study is required to validate the durability and mechanism of AgNPs to 
develop this approach to be greener and more economical. 
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