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Skin protection from solar ultraviolet radiation using natural compounds: A review
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1. Methodology 
In this study, we addressed the effect of natural agents and organic and plant materials as potential protection materials against ultraviolet radiation globally. At first, the literature search was performed on the Web of Science (webofscience.com) database by specifying germane keywords like “ultraviolet protection”, “photoprotection”, “UV effect on the environment”, “UV effect on humans”, and combining with Boolean operators of “AND” and “OR”. Literature outputs were selected by considering abstract relevance to the subject matter and filtered to obtain fifty (50) originally published research articles addressing the ultraviolet radiation effect on human health, ecosystem and natural photoprotective materials. 
Trend analysis was conducted using the Mann-Kendall method (Hussain and Mahmud 2019). The Mann-Kendall method spans between -1 and 1, where values of -1, 0, and 1 signify a perfect declining trend, no trend, and a perfect increasing trend respectively (Newson 2002). Furthermore, the keyword concurrence analysis was conducted using the VOSviewer 1.6.18 tool. It is a bibliography assessment tool developed at the University of Leiden, the Netherlands (van Eck and Waltman 2010).
Finally, the study was evaluated by considering several thematic areas of advances in sensor technology for ultraviolet radiation measurement, ultraviolet radiation in biotic and abiotic ecosystems and environment, photostability and toxicity of sunscreen ingredients, the effect of ultraviolet radiation on human health and skin, and natural agents and phytochemicals for photoprotection. 




1.1 	Trend and bibliometric analysis of articles 
Analysis of publication count by the spatial distribution of selected articles, keyword usage and trend of UV articles that addressed UV effects on human health and the ecosystem are presented in this section. Fig. S1 illustrates the publication count within the last two decades. It can be observed that there has been a steady rise in UV-related research with the highest number of articles recorded in 2021 and a significant rise in the year 2022. The result of trend analysis conducted by Mann Kendall statistics shows that there is a significantly increasing trend in UV-photoprotectant publication (tau = 0.60, p =0.0001, Sen-slope, s =0.25) at a confidence level of 95%. The Sen slope, s value is an indication that as the trend increases, the magnitude of change of the trend over time increases. 
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Fig. S1. The evolution of fifty UV-related articles in the last two decades. A steady rise in UV-related research was recorded in the last two decades and interest in this area was highest in 2021. At the time of writing this manuscript, publication in 2022 had recorded about two-thirds of the count in 2021, indicating satisfactory interest in innovative photoprotectants.

Similarly, Fig. S2 shows the spatial distribution of the available studies that are considered in the present work. It can be observed that among the available 50 articles that met the study criteria, the highest publication count of 12% was recorded in the United States of America (USA) while several countries have the lowest publication counts of 2%. This indicates the pressing need for more study on environmentally-friendly alternatives to conventional sunscreen technologies for ultraviolet radiation protection.
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Fig. S2. Spatial distribution from a sample of 50 articles revealed that ultraviolet radiation-related studies are most predominant in the United States of America (USA = 12% publication count), followed by Brazil (10%), while several countries constitute 2% each. 
The VOSviewer analysis was further employed to illustrate authors’ keyword usage per average year of publication using the overlay visualization tool, which identifies seven clusters distinguishable by colour according to the weight of occurrence and average publication per year score. Fig. S3 shows the keyword usage of articles and it can be seen that “ultraviolet radiation”, “oxidative stress”, and “skin cancer” are the most prevalent keywords. Towards the year 2022, more focus has been shifted to discovering and manufacturing natural and environmentally-safe UV photoprotectants, as clearly shown by the yellow cluster. 
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Fig. S3. The bibliometric cluster of “co-word” analysis result. The network visualization shows the most frequently used variables, depicted by the size of the node, which was produced from the co-occurrence of text words in the abstracts and keywords based on “ultraviolet radiation”, “skin cancer”, and “oxidative stress”. The Web of Science database was selected for the material source and the analysis was conducted using the VOSviewer (Version 1.6.18). The result indicates that most ultraviolet radiation studies mainly focused on addressing oxidative stress effects and skin cancer prevention. The yellow cluster reveals that recent studies in 2022 attempted to propose new photoprotectant alternatives to sunscreens. 
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