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Abstract 
Introduction: Zinc oxide (ZnO) nanoparticles synthesized through green routes have 
garnered considerable attention as sustainable alternatives for use in cosmetics and 
pharmaceuticals. The use of plant extracts as bioreductors offers an eco-friendly and non-toxic 
approach for nanoparticle production. In this study, ZnO nanoparticles were synthesized 
using the aqueous leaf extract of Peronema canescens Jack. (Sungkai) as a natural reducing 
and stabilizing agent. Objective: The research aimed to evaluate the sunscreen potential of 
the biosynthesized ZnO nanoparticles by determining their Sun Protection Factor (SPF) 
values. Methods: ZnO nanoparticles were synthesized via a green synthesis method 
employing Peronema canescens leaf extract as a bioreductor. The sunscreen activity was 
analyzed using a UV–Visible spectrophotometer across concentrations of 125, 250, 500, 750, 
and 1000 ppm. The SPF values were calculated based on absorbance measurements within 
the wavelength range of 290–320 nm, according to the Mansur equation. Results: The 
biosynthesized ZnO nanoparticles exhibited concentration-dependent photoprotective 
activity. The mean SPF values obtained were 0.89±0.002, 3.34±0.001, 6.57±0.002, 
10.39±0.003, and 14.70±0.006 for concentrations of 125, 250, 500, 750, and 1000 ppm, 
respectively. These findings demonstrate that higher concentrations of ZnO nanoparticles 
enhance UV absorption capability and overall SPF value. Conclusion: Green-synthesized 
zinc oxide nanoparticles using Peronema canescens Jack. Leaf extract exhibited 
concentration-dependent sunscreen activity. The highest SPF value of 14.70 at 1000 ppm 
indicates moderate to high UV protection. These results suggest that biosynthesized ZnO 
nanoparticles are promising eco-friendly agents for natural sunscreen formulations.  
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INTRODUCTION 
Zinc oxide nanoparticles (ZnO NPs) are widely recognized as effective inorganic UV 
filters, providing broad-spectrum protection by absorbing and scattering both UVA 
and UVB radiation, while offering high photostability and good skin tolerability 
compared to several organic filters [1–3]. Recent advances indicate that reducing ZnO 
to the nanoscale enhances its optical properties (reducing whitening on the skin) and 
improves UV attenuation, making ZnO NPs attractive candidates for modern 
sunscreen formulations [4,5]. 

Concurrently, the green synthesis of metal oxide nanoparticles using plant 
extracts has gained attention as an eco-friendly and less toxic alternative to traditional 
chemical synthesis methods [6]. The phytochemical constituents of plants function as 
natural reducing and stabilizing agents, enabling the formation of ZnO nanoparticles 
with similar photoactive characteristics while reducing the use of harmful reagents and 
by-products [7]. Numerous recent reviews and experimental studies have reported 
reproducible green synthesis pathways for ZnO NPs and highlighted their potential in 
biomedical and photoprotective applications[1,8–11]. The extract of Peronema 
canescens Jack. Leaves (locally known as Sungkai) contain phenolics, flavonoids, and 
other bioactive constituents that can act as bioreductants and capping agents in 
nanoparticle biosynthesis[12]. Preliminary phytochemical and bioactivity studies 
suggest that this material is suitable for the production of green nanoparticles [13,14]. 

ZnO nanoparticles synthesized using plant extracts have demonstrated 
significant sunscreen activity. A study by Elbrolesy et al., (2023) reported that ZnO 
nanoparticles synthesized using tomato (Solanum lycopersicum) fruit extract 
exhibited an SPF value of 16.8, which falls within the moderate to high protection 
category. Similarly, Azeez et al., (2024) found that ZnO nanoparticles synthesized from 
(Lepidium sativum L. leaf extract showed good photoprotective activity. However, no 
studies have reported the sunscreen potential of ZnO nanoparticles synthesized using 
Peronema canescens Jack leaf extract.  

This study investigates the sunscreen potential of ZnO nanoparticles synthesized 
using Peronema canescens Jack leaf extract, with SPF assessment conducted via UV-
Vis spectrophotometric analysis. This research aims to evaluate whether 
biosynthesized ZnO NPs can serve as effective and eco-friendly active ingredients for 
natural sunscreen formulations. 
 
METHODS 
Study design and setting  
This study was designed to evaluate the sunscreen potential (Sun Protection Factor, 
SPF) of zinc oxide nanoparticles (ZnO-NPs) synthesized via a green method using 
liquid extract of Sungkai (Peronema canescens Jack.) leaves as a natural bioreducing 
and stabilizing agent. An in vitro laboratory experimental approach with technical 
replication was employed to ensure the validity of the data. The research process 
consisted of several key stages, including the preparation of Sungkai leaf extract, 
biosynthesis of ZnO nanoparticles, and evaluation of sunscreen activity at various 
sample concentrations. Measurements were performed using a UV–Vis 
spectrophotometer to obtain absorbance data in the wavelength range of 290–320 nm, 
and the SPF values were subsequently calculated using the Mansur method. All 
measurement data were statistically analyzed to determine the UV protection 
capability. 
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Population, samples and sampling 
The population in this experimental study consists of zinc oxide nanoparticle (ZnO-
NP) powders synthesized through a green method using aqueous leaf extract of 
Peronema canescens (Sungkai) under the described laboratory conditions. The test 
samples consisted of five concentrations of ZnO nanoparticles—125, 250, 500, 750, and 
1000 ppm—each tested in triplicate to ensure data reliability and accuracy. The 
concentration levels were selected using purposive sampling, based on preliminary 
study results and literature indicating that increasing the concentration of ZnO 
nanoparticles is associated with enhanced UV protection capability. 
 
Instruments  
The UV–Visible spectrophotometer (e.g., Shimadzu UV-1800, Japan) with a 1 cm 
quartz cuvette, and Glassware. 
 
Procedure and data collection 
One gram of ZnO nanoparticles was dispersed in 100 mL of absolute ethanol at room 
temperature. The UV–Visible spectrophotometer (e.g., Shimadzu UV-1800, Japan) 
was used to determine the absorbance of ZnO nanoparticle suspensions in the 
wavelength range of 290–320 nm for SPF calculation, following the Mansur method. 
The instrument was equipped with a 1 cm quartz cuvette, and all measurements were 
performed using ethanol as the solvent blank. Each sample was scanned in triplicate, 
and baseline correction was carried out before each run to eliminate background 
interference [17]. 
 
𝑆𝑃𝐹 = 𝐶𝐹 ∑ 𝐴(𝜆)𝐼(𝜆)𝐸𝐸(𝜆)!"#

"$#           (1)                     
 
Statistical analysis 
The data SPF were analyzed statistically using ANOVA to compare the SPF values at 
each concentration. 
 
RESULTS 
The results of the SPF test of ZnO nanoparticles at each concentration are presented in 
Table 1. 
 
Table 1. SPF Values of ZnO nanoparticles at various concentrations 

Concentration (ppm) SPF 
125 0.885±0.0018 
250 3.34±0.001 
500 6.566±0.002 
750 10.387±0.0029 
1000 14.698±0.006 

 
DISCUSSION 
This study aimed to evaluate the sunscreen activity of ZnO nanoparticles synthesized 
via a green method using Sungkai leaf extract. The obtained data showed an increase 
in SPF values corresponding to the increasing concentrations of ZnO nanoparticles 
(Table 1). At a concentration of 125 ppm, the SPF value was 0.885 ± 0.0018, indicating 
a very low level of UV protection. Increasing the concentration to 250 ppm resulted in 
a significant increase in SPF to 3.34 ± 0.001. The SPF continued to rise proportionally 
at 500 ppm (6.566±0.002), 750 ppm (10.387±0.0029), and up to 1000 ppm 
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(14.698±0.006). The One-Way ANOVA results indicated a p-value of 0.001, 
demonstrating that concentration variations had a significant impact on SPF values 

These results indicate a positive correlation between the concentration of ZnO 
nanoparticles and their UV-protective capability. ZnO acts as a physical UV filter 
through absorption and reflection of UV rays. The higher the concentration of ZnO 
nanoparticles, the larger the surface area available for interaction with UV radiation, 
thereby enhancing their protective effectiveness [18,19]. The green synthesis method 
using Sungkai leaf extract is believed to provide a biologically derived coating on the 
nanoparticle surface, which can enhance stability and uniform dispersion in the test 
medium [20]. Additionally, Sungkai leaf extract contains active compounds, such as 
flavonoids and alkaloids, that can act as reducing and stabilizing agents in the synthesis 
of ZnO nanoparticles. 

Previous studies also demonstrated that green-synthesized ZnO nanoparticles 
exhibit significant SPF activity. For example, Elbrolesy et al. (2023) reported that ZnO 
nanoparticles synthesized using tomato (Solanum lycopersicum) extract had an SPF 
value of 16.8, indicating their potential as an effective sunscreen agent [15]. However, 
for commercial applications requiring high sun protection (SPF ≥ 30), formulation 
optimization is necessary, such as increasing the ZnO nanoparticle concentration, 
combining with organic UV filters, or using stabilizing matrices to enhance 
nanoparticle dispersion in topical formulations. Overall, the results of this study 
demonstrate that ZnO nanoparticles synthesized using Sungkai leaf extract have 
potential as environmentally friendly sunscreen agents, with SPF activity that can be 
controlled by varying the concentration. Green synthesis not only reduces the use of 
hazardous chemicals but also contributes to improved nanoparticle biocompatibility. 
 
CONCLUSIONS  
The SPF of ZnO nanoparticles exhibited a concentration-dependent increase, 
indicating a strong positive correlation between nanoparticle concentration and UV-
protective efficacy. ZnO nanoparticles synthesized via a green approach using Sungkai 
leaf extract demonstrate significant potential as active sunscreen agents, with their SPF 
performance effectively modulated through concentration adjustment. 
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