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	Ethanol extracts from the leaves of Clidemia hirta (L.) D. Don., and Melastoma affine D. Don., growing in Mount Merapi National Park, Indonesia, had high antioxidant activity similar to ascorbic acid. Natural substances with high antioxidant activity potentially inhibit UV-induced skin photoaging. This study aimed to investigate the sun protection factor (SPF) and antiglycation activity of C. hirta and M. affine ethanol extracts to identify and obtain candidate photoprotective ingredients for sunscreen products. Proximate analysis of extract simplicial was performed for standardization, and their secondary metabolites quantified to understand their bioactivities. Flavonoids, alkaloids, and saponins were quantified using the aluminum chloride, bromocresol green, and vanillin-sulfuric acid methods, respectively. Phenolic compounds and tannins were quantified using the Folin-Ciocalteu method. The C. hirta extract showed a higher SPF value in UV spectrophotometry, and antiglycation activity through bovine serum albumin-glucose (BSA-glucose) method, than the M. affine extract. An antioxidant assay using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method confirmed that the C. hirta and M. affine extracts were more potent and had slightly lower antioxidant activity, respectively, than ascorbic acid. The high bioactivity of C. hirta extract was likely due to phenolic compounds, flavonoids, and tannins, because these metabolites were more abundant in C. hirta extract than in M. affine extract. These results indicated that the ethanol extract of C. hirta leaves has the potential to be developed as an ingredient of sunscreen products for skin photoprotection.
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Introduction 
The ultraviolet (UV) radiation index in Indonesia is 5–10 during bright sunshine from 10 AM to 2 PM, as recorded by the Indonesia Meteorology, Climatology, and Geophysical Agency. According to the World Health Organization, this range is categorized as moderate to very high, representing the effects of UV exposure on the human skin and immune system.1 Overexposure to UVA (315–400 nm) and UVB (280–315 nm) radiations can trigger oxidation of genetic material in the skin epidermis and dermis. Reactive oxygen species (ROS) from UV exposure cause gene mutations, which increase the risk of non-melanoma and melanoma. 2,3
UV-induced ROS also generates nonenzymatic glycation or oxidation of proteins, lipids, and nucleic acids.4 These reactions produce advanced glycation end products (AGEs) primarily in the extracellular matrix (ECM) proteins of the skin, such as elastin and collagen, leading to stiffening and loss of elasticity.5 Furthermore, AGEs generate ROS, which damage dermal proteins, trigger inflammatory responses, and induce melanogenesis by binding to its receptor in the melanocytes.4 All these factors demonstrate the effects of AGEs on the symptoms of photoaging such as skin wrinkling and pigmentation.
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Physical or chemical sunscreen materials are commonly used to avoid contact between the UV rays and the skin. The level of absorption or reflection of UV rays by the sunscreen materials is represented as SPF value; the higher the value, the better the protection from UV rays.6 Synthetic sunscreen ingredients are commonly available in the market, but once applied, their effective duration is limited; hence, reapplication to the skin every two hours is advised.7 Moreover, synthetic sunscreen ingredients might get activated by UV rays, and produce photosensitizers that cause adverse reactions in the skin.8 Due to these reasons and owing to their wide variety of biological activities, the use of naturally occurring substances for photoprotection has gained attention in recent years.
Natural substances such as polyphenols (flavonoids, tannins), carotenoids, anthocyanidins, vitamins, and volatile oils from vegetables, fruits, and medicinal plant parts (leaves, flowers, berries), are more effective in protecting the skin from UV radiation than synthetic chemicals.9 In addition to their capacity for reflecting UV rays, most of these natural substances have long-term benefits because of their strong antioxidation activity against ROS and other bioactive effects in the skin, such as anti-inflammatory, anti-collagenase, anti-elastase, and immunomodulatory activities.10–12 Photoaging is built up by multiple mechanisms following UV irradiation, hence addition of natural substances into sunscreen products is a promising strategy because they possess high SPF value, antioxidant activity, and also inhibit ECM damage.
Ethanol extracts from Melastomataceae plants, Clidemia hirta (L.) D. Don., and Melastoma affine D. Don growing in Mount Merapi National Park, Indonesia, were reported to have high antioxidant activity similar to ascorbic acid, a well-known potent antioxidant.13 These antioxidant materials in the ethanol extract of C. hirta, and M. affine leaves have the potential to inhibit ECM damage caused by glycation, since ROS is a major initiator for many mechanisms of photoaging. Furthermore, flavonoids and alkaloids detected previously in the extracts are also expected to absorb UV rays due to the presence of chromophores in their structure. 
This study analyzed the ability of the ethanol extracts of C. hirta and M. affine leaves to inhibit protein glycation, determined their SPF values and reconfirmed their antioxidant activities. To understand the relationship between these three bioactivities and metabolites associated with them, quantitative determination of secondary metabolites (phenolic compounds, flavonoids, tannins, alkaloids, and saponins) was performed. The aim of this study was to identify the SPF values, antiglycation, and antioxidant activities of C. hirta and M. affine extracts to find potential natural materials that could be candidates for photoprotection ingredients in sunscreen products.
 
Materials and Methods
Materials 
Atropin sulfate was obtained from Indonesian FDA Laboratory Services, Jakarta, Indonesia. Ethanol, methanol, chloroform, Folin-Ciocalteu reagent, aluminum chloride, potassium acetate, sodium hydroxide, sulfate acid, tannic acid, sodium carbonate, chloride acid, ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), bromocresol green, sodium dihydrogen phosphate monohydrate, disodium hydrogen phosphate dodecahydrate, D-fructose, and D-glucose were procured from Merck (Germany). Quercetin, gallic acid, saponin, and aminoguanidine hydrochloride were purchased from Sigma-Aldrich (Germany). Bovine serum albumin was obtained from HiMedia Laboratories (India). All other reagents were of analytical grade.
 
Preparation of extracts
Leaves of C. hirta and M. affine were collected from Mount Merapi National Park, Yogyakarta, Indonesia in June 2021. They were taxonomically identified, by Prof. Purnomo from the Laboratory of Plant Systematics, Faculty of Biology, Universitas Gadjah Mada, Indonesia. Voucher identification number for C. hirta and M. affine were 0141090/S.Tb./IX/2021 and 0141089/S.Tb./IX/2021, respectively. The samples were dried at 48°C for 24 h and then ground until a dry powder was obtained. Moisture content analysis was performed using a Moisture Analyzer (OHAUS MB120). 
Extraction was performed by adding 70% ethanol to 100 g of dried powder with a material to solvent ratio of 1:10 (v/v). The mixture was macerated at 120 rpm and 24°C for 24 h. The residue was filtered. The filtrate was concentrated using a vacuum rotary evaporator (IKA® RV 10 Basic) at 60 rpm and 50°C . The concentrated extract was dried in an oven (MMM Medcenter Venticell) at 45°C and weighed to calculate the yield (%). The extracts were stored at 4°C until further analysis.
 
Proximate analysis
Determination of total ash content and acid insoluble ash content 
Two grams of dried powder from each plant sample was incinerated in a silica crucible until no smoke or charcoal remained. The charred material was weighed and burned at 800°C for 6 h. The total ash content was expressed as %w/w.14 
The total ash was boiled in 2 N hydrochloric acid (HCl) for 5 min and filtered. The filter papers were rinsed with hot water and the residue along with the filter paper was burned at 800°C for 6 h and weighed. The total acid-insoluble ash was expressed as %w/w.14
 
Determination of water- and ethanol-soluble extract contents
Five grams of dried powder from each plant sample was macerated separately with 100 mL of absolute ethanol and water-saturated chloroform at 120 rpm and 24°C for 6 h, followed by maceration for 18 h without shaking. The residue was filtered. The filtrate was concentrated using a vacuum rotary evaporator at 60 rpm and 50°C. The concentrated extract was dried in an oven at 45°C and weighed to calculate yield in percentage.14
 
Phytochemical analysis
Determination of total flavonoid content
Extracts were prepared at a concentration of 5,000 mg/L using 50% ethanol. The concentration of quercetin, used as a standard chemical was prepared at 250–1,000 mg/L. Tested sample (0.5 mL) was mixed with 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium and 1.5 mL of absolute ethanol. Distilled water was added to this mixture to obtain a final volume of 5 mL, and allowed to stand for 30 min at room temperature (25°C). Absorbance was measured at 415 nm. The total flavonoid content was calculated as quercetin, based on the calibration curve. The results were expressed as milligrams quercetin equivalent (QE)/g extract. The analysis was performed in triplicates.14
 
Determination of total phenolic content
Extracts were prepared at a concentration of 5,000 mg/L using 50% ethanol. The concentration of gallic acid used as a standard chemical was–10–200 mg/L. Each tested sample (1 mL) was added to 5 mL of 7.5% Folin-Ciocalteu solution and incubated for 8 min at room temperature (25°C). After incubation, 4 mL of 1% NaOH was added and the mixture was incubated for 1 h at room temperature (25°C). in the dark. Absorbance was measured at 730 nm. The total phenolic content was calculated as gallic acid from the calibration curve, and the results were expressed as milligrams of gallic acid equivalent (GAE)/g of extract. The analysis was performed in triplicates.14
 
Determination of total tannin content
The extracts were prepared at a concentration of 5,500 mg/L using 50% ethanol. The concentration of tannic acid used as a standard chemical was–55–220 mg/L. Each tested sample (0.5 mL) was added to 2.5 mL of 10% Folin-Ciocalteu solution and 2.5 mL of 7.5% Na2CO3. The mixture was incubated for 1 h. Absorbance was measured at 775 nm. The total tannin content was calculated as tannic acid from the calibration curve, and the results were expressed as milligrams of tannic acid equivalent (TAE)/g of extract. The analysis was performed in triplicates. 15,16
 
Determination of total alkaloid content
The extracts were prepared at a concentration of 5,000 mg/L with 2 N hydrochloric acid and then filtered. The concentration of atropine sulfate used as a standard chemical was 20–100 mg/L. Each tested sample (1 mL) was transferred to a separating tunnel, and 5 mL of phosphate buffer pH 4.7 was added, followed by 5 mL of 10-4 M bromocresol green solution, and 5 mL chloroform. The mixture was shaken, and the chloroform layer was collected. Absorbance was measured at 415 nm against a blank. The total alkaloid content was calculated as atropine sulfate from the calibration curve, and the results were expressed as milligrams of atropine sulfate equivalent (AE)/g extract. The analysis was performed in triplicates. 17
 
Determination of total saponin content
The extracts were prepared at a concentration of 5,500 mg/L with 50% ethanol. The concentration of saponin used as a standard chemical was–50–150 mg/L. Each tested sample (0.5 mL) was reacted with 8% vanillin solution and 4 mL of 72% sulfuric acid. The mixture was incubated at 60 °C for 10 min. Absorbance was measured at 544 nm. Total saponin content was calculated as saponin from the calibration curve and the results were expressed as milligrams of saponin equivalent (SE)/g of extract. The analysis was performed in triplicates. 18
 
Determination of SPF value
Extracts were prepared in triplicates at concentrations of 25 mg/L and 50 mg/L with 50% ethanol. The absorbance of the samples was measured at UV-B wavelength of 290–320 nm, at 5 nm increments, with three determinations made at each increment. Quercetin was used as a standard flavonoid with high SPF. SPF was calculated by applying the following equation: 19 
 
                                                                                (1)
Where CF (correction factor) is 10 (constant), EE is the erythemogenic effect, I is the intensity of the sun, and Abs is the absorbance of the sample. The constants EE and I were pre-defined according to Table 1.
 
 
Evaluation of DPPH free radical scavenging activity
Solution containing 0.4 mM DPPH was prepared in absolute ethanol. This solution (1 mL) was added to the test samples: 0.1 mL each of L-ascorbic acid as the standard (final concentration of 1­3 mg/L), C. hirta extract (final concentration of 1–5 mg/L), and M. affine extract (final concentration of 1–10 mg/L). The solutions were incubated for 30 min at room temperature (25 °C).  in the dark. Absorbance was measured at 517 nm. DPPH scavenging activity was calculated and expressed as the inhibition percentage using the following equation:
 
 
  
 Note: negative control is the DPPH with solvent 
The IC50 values were calculated using a regression equation from different concentrations of the tested samples. The analysis was performed in triplicates.20
 
Evaluation of antiglycation activity in BSA-glucose model
Protein glycation was assayed based on the method by Kim and Kim, with modifications.21 The extracts were dissolved in 50% ethanol to obtain a concentration of 10,000 mg/L. Each extract was diluted with deionized water to obtain a series of concentrations. The sample was added to a solution consisting of bovine serum albumin (20 mg/mL), d-fructose (235 mM), and d-glucose (235 mM) in potassium phosphate buffer (200 mM, pH 7.4). The mixture was incubated at 60 °C for 40 h. Fluorescence intensity was measured using a spectrofluorometer (Shimadzu, RF-6000) at excitation and emission wavelengths of 330 nm and 440 nm, respectively. Aminoguanidine hydrochloride was used as the standard inhibitor.
 
Statistical analysis
All data were analyzed using Microsoft Excel (version 2016). Linear regression analysis was used to determine the concentration of secondary metabolites and IC50 to evaluate antioxidation and antiglycation activities. 
 
Results and Discussion
Proximate analysis and extraction
To obtain a reproducible extract, proximate analysis of simplicial was performed before extraction. The parameters determined in the proximate analysis included moisture content, ash content, acid-insoluble ash, water-soluble extractive value, and alcohol-soluble extractive value. Table 2 shows the results of proximate analysis of C. hirta and M. affine simplicial. The moisture content of simplicial powder from C. hirta and M. affine leaves was below 10%, which met the quality standards of simplicial. Low moisture content discourages the growth of bacteria, yeast, and fungi, which prevents the degradation of bioactive phytochemicals during storage. The amount of inorganic impurities and silicate, especially sand, in the leaves of both C. hirta and M. affine were relatively low, as indicated by the ash content and acid-insoluble ash, respectively. 
A similar extractive value for both simplicial were found for water (water-soluble extractive value) and alcohol (alcohol-soluble extractive value), indicating that the polar compounds can be collected using both solvents. To obtain a large range of polar compounds and easier extraction handling, 70% ethanol was used instead of only water or absolute ethanol. The extract of M. affine was more solid and dry than that of C. hirta; therefore, the yield of C. hirta extract was approximately 3.5 times higher than that of M. affine extract. The semi-solid state of C. hirta extract was probably caused by the water-absorbing compounds present in the extract. 
 
Phytochemical content
Five secondary metabolites, that is, phenolic compounds, flavonoids, tannins, alkaloids, and saponins, were analyzed based on reports of the benzene ring chromophores in phenolic compounds, flavonoids, tannins, and some alkaloids absorbing UV radiation.9 Flavonoids possess direct and indirect antioxidant properties, and modulate several signaling pathways.22 Saponin is known as an antioxidant and antiglycation compound.23,24
C. hirta extract contained more phenolic compounds, flavonoids, tannins, and alkaloids than M. affine extract (Table 3). In contrast, saponin in M. affine extract was 2.5 times more than in C. hirta extract. Among these metabolites, the amounts of phenolic compounds and saponins were the highest in C. hirta and M. affine extracts, respectively. The different amounts of metabolites present in the extracts might contribute to their difference in bioactivities with respect to the photoaging mechanism.
 
Table 1: EE and I constants for the calculation of in vitro SPF
 
	λ (nm)
	EE(λ) x I(λ)

	290
	0.0150

	295
	0.0817

	300
	0.2874

	305
	0.3278

	310
	0.1864

	315
	0.0839

	320
	0.0180


EE(λ), erythemogenic effect of wavelength radiation; I(λ), sun intensity at wavelength; λ, wavelength.19
 
Table 2: Characteristics of dried plant materials and their extraction yield
 
	Sample 
	Moisture content (%)
	Ash content (%)
	Acid insoluble ash (%)
	Water soluble extractive (%)
	Alcohol soluble extractive (%)
	Extraction yield
 (%)

	Clidemia hirta (L.) D.Don
	8.84
	5.29
	1.29
	3.72
	2.26
	25.34

	Melastoma affine D.Don
	9.11
	8.01
	2.15
	2.68
	2.27
	7.15


 
 
Table 3: Phytochemical contents of extracts
 
	Sample 
	Total phenolic content
(mg GAE/g extract)
	Total flavonoid
content 
(mg QE/g extract)
	Total tannin
content 
(mg TAE/g extract)
	Total alkaloid
content
(mg AE/g extract)
	Total saponin
content
(mg SE/g extract)

	Clidemia hirta (L.) D.Don
	251.02 ± 12.16
	43.74 ± 1.02
	73.42 ± 1.10
	3.25 ± 0.73
	145.45 ± 1.88

	Melastoma affine D.Don
	113.98 ± 1.56
	30.53 ± 1.11
	22.58 ± 2.55
	1.29 ± 0.26
	399.02 ± 7.15


Determination of SPF value
SPF is a parameter of sunscreen efficacy, defined as the UVB energy required to produce minimum erythemal dose (MED) on protected skin divided by the UVB energy required to produce an MED on unprotected skin. The higher the SPF, the more protection the sunscreen offers against sunburn.25 The SPF value for screening sun protecting materials is usually determined by an in vitro technique involving measuring the spectral transmittance at UVB wavelengths from 290–320 nm. 
In this study, to determine the SPF value the absorbance range of the samples was 0.1–1.5, such that the instrument detector correctly measured light intensity. At concentrations of 25 ppm and 50 ppm, all samples, that is, C. hirta extract, M. affine extract, and quercetin showed absorbance of 0.1–1.5 at 290–320 nm. Therefore, both concentrations were chosen to compare the SPF values of the three samples. The absorbance of C. hirta extract at 290–320 nm was higher than that of M. affine extract at the same concentration (25 ppm and 50 ppm). Both extracts had lower absorbance than quercetin (Table 4). Flavanol quercetin effectively absorbs UV rays compared to homosalate (a reference filter established as the FDA standard).26 Therefore, quercetin was used as a positive control material in this study. The SPF values of the 50 ppm C. hirta and M. affine extracts were 6.10 and 3.53, respectively (Figure 1). At the same concentration, quercetin had an SPF value of 12.37. Concentrations of the extracts and quercetin were correlated with the SPF value. Results showed that the higher the concentration, the higher the SPF value. Thomas B. Fitzpatrick (1988) categorized the skin into six types based on sun reactivity (sunburn and tan): skin types I, II, III, IV, V, and VI. Skin type VI needs highest MED to get sunburn and tan, while skin type I needs the lowest MED compared to other skin types. The minimum recommended SPF value for skin type VI is 4, V is 5–10, and IV is 6–15.27 Based on these recommendations, we suggest that 50 ppm C. hirta extract will be suitable for skin type IV, V and VI, while 50 ppm M. affine extract can be used for skin type VI. To obtain higher SPF values for both extracts, the concentration of the extracts should be increased to more than 50 ppm when used in sunscreen products. 
In previous study, analysis of 20 extracts from four antioxidant medical plants showed that SPF had a good correlation with phenolic content, but not with flavonoid content and antioxidation activity.25 Phenolic content in C. hirta extract was 2.2 times higher than in M. affine extract. This caused C. hirta extract to have about two times higher SPF value than that of M. affine extract.
 
Antioxidation and antiglycation activity
DPPH contains an unpaired valence electron at the nitrogen bridge atom. This stable free radical makes DPPH widely used for the antioxidant assay.28 Ascorbic acid as a positive control of antioxidation can scavenge DPPH free radical instantaneously.29 In this study, C. hirta extract showed higher antioxidation activity than ascorbic acid (Table 5). M. affine extract had slightly lower antioxidation activity than ascorbic acid. These data confirmed previous findings by Nurwijayanto et al.13
The DPPH scavenging activity of extracts might be carried by hydroxyl groups as proton-donating compounds, which are many in phenolic compounds, some types of flavonoids, and tannins. C. hirta extract contained more phenolic compounds, flavonoids, and tannins than M. affine extract; therefore, the high antioxidant activity of C. hirta was likely caused by these metabolites.
UV-induced AGEs are known to contribute towards skin photoaging, such as skin wrinkling and pigmentation. To prevent the formation of AGEs, inhibition of nonenzymatic glycation is necessary. The anti-glycation BSA-glucose assay in this study represented two steps of a spontaneous non-enzymatic glycation reaction. The first step is the oxidation of glucose and fructose, which leads to the production of ketoaldehyde and superoxide radicals. Ketoaldehyde reacts with the amino groups of BSA-producing amadori products. The second step is the autooxidation of amadori products into active dicarbonyl compounds, which leads to the production of AGEs and radical superoxide. This glycation reaction causes the carboxylation of the cysteine residues of BSA and decreases the reduced thiol content. 30 Aminoguanidine is a well-known synthetic compound which can block the formation of AGEs by interacting with amadori-derived products.31 Therefore, aminoguanidine was used as a positive control material in the antiglycation BSA-glucose assay.
C. hirta extract had higher anti-glycation activity than M. affine extract (Table 5). Both extracts had lower glycation activity than aminoguanidine. Many studies have reported that phenolic and flavonoid compounds in plant extracts are responsible for their antiglycation activity.32 Polyphenols, flavonoids, and tannins can act at different stages of AGEs formation. They can inhibit Schiff base rearrangement and decrease the formation of amadori products in the first step or cause block oxidation or hydrolysis of amadori products in the second step.
[image: OEBPS/images/image0003.png] 
Figure 1: Sun protection factor (SPF) values of extracts calculated through spectrophotometry with quercetin as a positive control. Data given as mean ± standard deviation of triplicate test.
 
Table 4: Absorbance of extracts and quercetin
 
	Wavelength (nm)
	Clidemia hirta (L.) D.Don
	Melastoma affine D.Don
	Quercetin

	50 ppm
	25 ppm
	50 ppm
	25 ppm
	50 ppm
	25 ppm

	290
	0.891 ± 0.037
	0.451 ± 0.021
	0.448 ± 0.019
	0.2287 ± 0.010
	1.127 ± 0.003
	0.573 ± 0.007

	295
	0.792 ± 0.032
	0.402 ± 0.019
	0.411 ± 0.018
	0.2100 ± 0.010
	1.182 ± 0.003
	0.602 ± 0.007

	300
	0.693 ± 0.027
	0.355 ± 0.017
	0.381 ± 0.017
	0.1953 ± 0.009
	1.218 ± 0.003
	0.621 ± 0.007

	305
	0.596 ± 0.022
	0.307 ± 0.016
	0.350 ± 0.017
	0.1800 ± 0.009
	1.242 ± 0.003
	0.634 ± 0.007

	310
	0.508 ± 0.016
	0.265 ± 0.014
	0.320 ± 0.017
	0.1650 ± 0.009
	1.256 ± 0.003
	0.641 ± 0.008

	315
	0.429 ± 0.013
	0.227 ± 0.012
	0.291 ± 0.017
	0.1510 ± 0.008
	1.289 ± 0.004
	0.659 ± 0.008

	320
	0.366 ± 0.011
	0.196 ± 0.011
	0.267 ± 0.016
	0.1390 ± 0.008
	1.361 ± 0.004
	0.696 ± 0.009


Note: Data given as mean ± standard deviation of triplicate test
 
 
 
 
 
Many studies have suggested that the inhibitory mechanism of polyphenols against glycation is partly due to their antioxidant properties that hinder the autooxidation of amadori products.33 Based on these data, it is reasonable that C. hirta extract had higher antiglycation activity than M. affine extract because it contained more phenolic compounds, flavonoids, and tannins, and also had higher antioxidant activity, as proven by the DPPH assay.
Methanol and ethyl acetate extracts of C. hirta leaves from Selangor, Malaysia were also reported to possess high SPF values (around 21) at a concentration of 500 ppm along with high DPPH antioxidant activity.34 Considering the large production of herbal extracts for sunscreen products, the ethanol solvent in our study is relatively safer to handle and preferable to other organic solvents; therefore, our study provided evidence for the application of the ethanol extract of C. hirta leaves for sunscreen production. A previous study reported that Tibouchina pulchra Cogn., a Melastomataceae species, had different genetic structures in different altitudes (low and high).35 Different environmental conditions, such as elevational gradients, may influence the genetic structure of plants, which may in turn affect its metabolite production. In this study, C. hirta growing in Mount Merapi National Park may have different genetic structures and metabolites compared to C. hirta growing in other areas because of the elevational gradient and other environmental conditions. Hence, this study displays the bioprospection of C. hirta which specifically grows in Mount Merapi National Park, for cosmeceutical use.
The results of this study suggested that ethanol leaf extracts of C. hirta from Mount Merapi National Park, Indonesia can potentially be used as a photo-protecting material by absorbing UV rays, scavenging ROS, and restraining the formation of AGEs in the skin. Other important photoaging-related mechanisms, such as anti-inflammatory effects, need to be investigated in vitro and in vivo to comprehensively understand the mechanism of the extract in antiphotoaging. Moreover, the application of C. hirta ethanol extract in sunscreen products requires optimization of the concentration and specific formulation to meet product claims.
 
Table 5: Antioxidant and antiglycation activity of extracts
 
	Sample
	IC50 (mg/L)

	Antioxidation activity
	Antiglycation activity

	Clidemia hirta (L.) D.Don
	2.55
	161.23

	Melastoma affine D.Don
	4.71
	251.47

	Ascorbic acid
	3.88
	N.A.

	Aminoguanidine
	N.A.
	22.34


 N.A.: Not applicable
 
Conclusion
In conclusion, the ethanol extract of C. hirta leaves had higher SPF values, antioxidant and antiglycation activities than the ethanol extract of M. affine leaves. These bioactivities were possibly due to phenolic compounds, flavonoids, and tannins, which were higher in the ethanol extract of C. hirta leaves compared to that of M. affine leaves. The ethanol extract of C. hirta leaves was developed as a potential ingredient to be used in sunscreen products for skin photoprotection. 
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