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Excessive exposure to ultraviolet (UV) radiation causes various skin problems, including skin 

cancer. Sunscreen, which contains UV filters, plays an important role in preventing sun damage. 

Sunscreen protects the skin from UV-induced damage as it absorbs or reflects UV radiation. 

Nevertheless, continuous exposure to chemical and physical UV filters can result in numerous 

adverse effects on the skin and the environment. An emphasis has been placed to incorporate 

natural components such as fruit and vegetable extracts in sunscreen due to their absorption in 

the UV region, and antioxidant properties. This study aims to evaluate the potential use of  

Malaysian fruits and vegetables as photoprotective agents by determining their sun protection 

factor (SPF), total phenolic contents, and antioxidant activity. Five fruit samples, guava, star 

fruit, sapodilla, dragon fruit, water apple, and five vegetable samples, tomato, brinjal, torch  

ginger, sweet potato, and onion were analysed for their SPF. The photoprotective activity was 

recorded using the spectrophotometric method and calculations were done using the Mansur 

equation. The phenolic content and antioxidant activity of all samples were assessed using the 

Folin-Ciocalteu method and DPPH radical scavenging assay, respectively. Among all fruit 

tested, the SPF of guava was found to be the highest, followed by star fruit, sapodilla, dragon 

fruit, and water apple. While among the vegetables, the onion had the highest SPF followed by 

torch ginger, brinjal, sweet potato, and tomato, at a concentration of 0.5-1.0 mg/ml. A strong 

correlation was found between SPF with concentration (r = 0.95-0.99, p < 0.05), a weak 

correlation between SPF with TPC (r = 0.02, p > 0.05), and a moderate correlation between TPC 

with DPPH (r = 0.46, p > 0.05). The study shows the possibility to incorporate several selected 

plant extracts into sunscreen in pharmaceutical preparations. 
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Exposure to UV radiations (UVR) from sunlight is 

considered a major modifiable environmental risk factor 

for skin problems, including keratosis, sunburns, 

photoaging, induction of oxidative stress, malignant 

transformation, and cancer [1-3]. Established by their 

wavelengths, the ultraviolet (UV) spectrum of the 

radiation is categorised into UVA (320-400 nm), UVB 

(280-320 nm), and UVC (200-280 nm). Around 95% 

of the UVA and 5% of the UVB radiations can be 

found in the atmosphere, while no UVC radiation can 

penetrate the earth’s atmosphere [4]. Both UVA and 

UVB can be absorbed by different cellular proteins 

present in skin cells, hence, exhibit significant effects 

on the skin health [5]. Despite only small percent 

present in the atmosphere, UVB accounts for most of 

the UVR damage on the skin. Exposure to UVR on the 

skin results in the activation of the cutaneous immune 

system, leading to an inflammatory response via different 

mechanisms, for example, production of UV photo-

products, such as, cyclobutane-type pyrimidine dimers 

(CPD) and pyrimidine-pyrimidone, which play a role 

in skin carcinogenesis, and production of reactive 

oxygen species (ROS) [6,7]. Thus, primary skin 

disease prevention focuses on minimizing UVR 

exposure through sun protection behaviours. Sunscreen 

is regarded as a vital adjunct to other types of UVR 

radiation protection from sunlight. It is a key component 

of public health efforts for skin disease prevention [8]. 

 

Sunscreens are typically used to avoid the 

noxious effects of UV radiations. Recently, human’s 

interest to incorporate plant extracts having antioxidant 

activity and the ability to absorb UV rays into sunscreens 

have considerably increased [9]. The effectiveness and 

quality of sunscreens are critically quantified by SPF. 

SPF value is defined as the ratio of the energy required 

to create a low erythema dosage (skin reddening or 

minor sunburn) with sunscreen usage, to the energy 

required to achieve the same reaction without sunscreen 

usage [10]. It is mainly against UVB radiation because 
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it is measured as protection thought to have the highest 

incidence during the day, when people are exposed for 

a longer period [11,12]. Hence, sunscreen product is 

considered to be more effective in preventing sunburn 

when the SPF value is higher [13].   

 

Sunscreens, both physical and chemical, are 

products with photoprotective properties that can help 

protect the skin by absorbing, scattering, or blocking 

carcinogenic and skin damaging UVR [14,15]. Chemical 

sunscreens that contain active ingredients such as 

avobenzone, benzophenone, sulisobenzones, and para- 

aminobenzoic acid (PABA) work by absorbing UV 

radiations, causing them to be excited to a higher-

energy state. As a result of their return to the ground 

state, the absorbed energy is converted into longer, 

lower-energy wavelengths, such as infrared radiation, 

therefore producing heat [16]. Meanwhile, physical 

sunscreens formulated with titanium dioxide (TiO2) and 

zinc oxide (ZnO) shield the skin from UV light by 

physically reflecting or scattering the incident radiation. 

A combination of physical and chemical sunscreens is 

said to be effective at blocking both UVA and UVB 

exposure [17]. 

 

While such UV filters provide UV protection, 

the extensive use of these in sunscreen products may 

lead to adverse effects to the skin in the case of 

continuous application over a long period. Some 

chemical incorporated into the products, such as 

benzophenone-3, have been linked to side effects, 

toxicity, and even ecological issues with frequent 

exposure [18]. Such synthetic chemicals may interact 

with cutaneous cells, generating skin reactions like 

contact dermatitis, photo-irritation, and photosensitivity 

[19]. These side effects are caused by oxidative DNA 

damage, either due to overproduction of reactive 

oxygen species (ROS) or potential systemic toxicity 

[20-22]. Apart from that, UV-filters pose a great 

threat towards the environment. The presence of 

oxybenzone, ZnO and TiO2 in the sea causes harm 

towards the ecological system [23]. Thus, there has 

been an interest in finding other potential alternative 

UV filters to be used in sunscreens that could  

potentially give the same UV protection as other 

standard sunscreens. Studies have been conducted in 

the search for natural new active compounds with 

UVR filtering ability, which are expected to be as 

effective and much safer [24]. 

 

The effectiveness of sunscreens is critically 

quantified by the sun protection factor (SPF). The 

higher the SPF, the more effective the product is in 

preventing sunburn. The presence of phenolic 

compounds including flavonoids and phenolic acids, 

give these plants their significant antioxidant  

activities and ability to absorb UV radiation [25]. 

Plant extracts with high antioxidants could provide 

protection against free radicals by inactivating ROS 

which is the main cause of skin damage due to UVR 

exposure and provide the ability to absorb UV 

radiation [26]. As such, in recent years, there has 

been a focus on the use of natural components such 

as extracts from fruits to aid in the filtering function 

of multifunctional sunscreen formulations due to  

their ability to promote photo-protection and provide 

additional protection against free radicals. When 

compared to the usage of standard UV filters alone, 

the inclusion of these antioxidant compounds in  

sunscreens are thought to be beneficial. This is due 

to the presence of phenolic chromophores in fruits 

and vegetables, which possess antioxidant properties 

and the UV protection [18]. 

 

Thus, the objective of this study was to determine 

SPF values of selected Malaysia fruits and vegetables, 

which are commonly used in everyday diet. Analyses 

was carried out to measure UV absorption capacity of 

five vegetables, onion (Allium cepa) brinjal (Solanum 

melongena) tomato (Solanum lycopersicum), sweet 

potato (Ipomoea batatas) and torch ginger (Etlingera 

elatior), and five fruits guava (Psidium guajava), star 

fruit (Averrhoa carambola), sapodilla (Manilkara 

zapota), dragon fruit (Hylocereus polyrhizus) and 

water apple (Syzygium aqueum). In addition, assays 

were conducted to determine the total phenolic content 

and antioxidant potential of above mentioned fruits 

and vegetables. 

 

The findings from this study provide possibilities 

for plant extracts to be used as alternatives to UV 

filters in the formulation of sunscreen products that 

elicit effective UV protective ability and may have 

less potential for adverse effects. Moreover, the  

increasing demand for use of natural and safe 

ingredients from plants in many cosmetics or beauty 

products presents remarkable economic growth for 

many related sectors in the future. Therefore, the  

results obtained from the present study open a wide 

opportunity for further research and studies to be 

done in the development of innovative, safe plant-

based cosmetics or beauty products from local 

plants. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

Methanol (RCL Labscan) was purchased from Merck, 

Malaysia. The ultra-pure water was purified at 18 MΩ 

cm by ELGA PURELAB® Option water purification 

system from Veolia Water Technologies, Paris, France. 

Folin-ciocalteu reagent, gallic acid, ascorbic acid, 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) were purchased 

from Sigma-Aldrich. Sodium carbonate is a common 

regent available in the laboratory.  

 

Five vegetable samples, onion, brinjal, tomatoes, 

orange-fleshed sweet potato, and torch ginger, and 

fruit samples, guava, star fruit, sapodilla, dragon fruit, 

and water apple were purchased from local supermarket 

and were collected based on similarities in maturity. 

The fruits were selected based on their uniform size, 

colour, and level of external ripeness. 
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Preparation of Plant Samples 

 

Whole plant samples were washed under running 

water, then cut into smaller pieces of similar size. The 

plant materials were stored to frozen at -20°C for 3 

days. The frozen samples were lyophilized in Labconco 

Freeze Dry System for 72 hours. The dried plant 

materials were then ground using Waring Commercial 

Blender into fine powders until fully homogenized and 

kept at 4°C in the refrigerator for future use. 

 

For TPC and DPPH free radical scavenging 

assay, 1 g of the powdered dried plant materials were 

dissolved in 100 ml of 80% methanol. The mixtures 

were then stirred at 150 rpm using a magnetic stirrer 

for 1 hour before filtration using Whatman No. 1 filter 

paper. The clear solution obtained was kept at 4°C in 

an airtight bottle for further analysis.  

 

To assess repeatability for the assays, three 

replicates of each plant sample were prepared, and 

assays were performed on the same day in a uniformed 

environment. Acceptable repeatability for absorbance 

values is set at mean SD of not higher than 1 for all 

replicates. 

 

SPF Determination of Plant Samples 

 

Five grams from each ground powder was weighed 

with analytical balance and transferred into separate 

beakers. The plant materials were soaked in 100 ml of 

80% methanol for 3 days at 4°C for 72 hours. The 

solutions were then individually stirred at 150 rpm 

using a magnetic stirrer for 1 hour before filtration using 

Whatman No. 1 filter paper to obtain a clear solution. 

Each filtrate was then diluted 50-fold to obtain a 1 mg/ml 

stock solution. From this, serial dilutions were performed 

to obtain different concentrations of samples (1, 0.50, 

0.25, 0.125, and 0.0625 mg/ml) to be analysed for SPF. 

The absorbance of each solution was measured within 

the range of UVB wavelength (290–320 nm) with 5-

nm increments using BMG Labtech SPECTROstar® 

Nano spectrophotometer and 80% methanol as blank. 

The SPF of each sample was determined using the 

methodology and equation provided by Mansur et al. 

[26]. The following Mansur equation was used to 

calculate the SPF: 

 

𝑆𝑃𝐹 = 𝐶𝐹 ∑ 𝐸𝐸(𝜆). 𝐼(𝜆). 𝐴𝑏𝑠(𝜆)

320

290

 

 

where: 

CF = correction factor 

EE = erythemogenic effect of radiation with 

 wavelengths 

I = solar intensity spectrum 

Abs (λ) = spectrophotometric absorbance values at  

wavelength 

 

The relationship between the erythemogenic 

effect (EE) and the solar intensity spectrum (I) at each 

wavelength was determined by Sayre et al. [27] 

whereby the values of EE (λ) × I (λ) were stated to be 

constant at each wavelength as seen in Table 1. 
 

 

Table 1. EE and I constants for the calculation of sun 

protection factor (SPF) [26]. 

 

Wavelength (nm) EE(λ) × I(λ) 

290 

295 

300 

305 

310 

315 

320 

0.0150 

0.0817 

0.2874 

0.3278 

0.1864 

0.0839 

0.0180 
 
 

Erythemogenic effect of wavelength radiation, 

EE(λ) and Sun intensity at wavelength, I (λ) 

 

Determination of Total Phenolic Content of Plant 

Samples 

 

Determination of the total phenolic content of the 

samples was performed using the Folin-Ciocalteu 

method [28], with slight modification. For this assay, 

gallic acid was used as a standard. Briefly, 250 mg of 

dry gallic acid was dissolved in 1 ml extracting solvent 

(80% methanol), and then diluted to 500 ml volume 

with ultra-pure water to prepare for 0.5 mg/ml stock 

standard solution. Then different concentrations of 

working standards (0.01, 0.02, 0.03, 0.04, and 0.05 

mg/ml) were prepared by diluting previously prepared 

gallic acid stock solution with ultra-pure water. The 

sample was prepared at 1mg/ml concentration. 100 μl 

of the sample solution was added to 750 μl Folin-

Ciocalteu reagent (previously diluted 10-fold with 

ultra-pure water) in a test tube. The mixture was 

allowed to stand at room temperature for five minutes 

before adding 750 μl of 6% (w/v) sodium carbonate 

and mixed gently. After standing for 90 minutes at 

room temperature, the absorbance was read at 725 nm. 

The standard calibration curve of gallic acid (0.01-

0.05 mg/ml) was plotted. The total phenolic contents 

were expressed as mg of gallic acid equivalent (mg 

GAE) per g dry weight (DW) of samples. 

 

DPPH Free Radical Scavenging Assay of Plant 

Samples 

 

The DPPH free radical scavenging assay was 

performed according to methods [29], with slight 

modification. For this assay, ascorbic acid was used as 

the standard reference. The samples were prepared in 

serial dilutions to obtain different concentrations 

(0.01562, 0.03123, 0.06250, 0.12500, 0.25000, and 

0.50000 mg/ml). One mM DPPH solution was 

prepared by dissolving 5.0 mg DPPH in 100 mL 

methanol. Then, 25 μl of standard and each sample 

solution were added into a 96-well round bottom 

microplate. 200 μl of 1mM DPPH solution was mixed 
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into each well, and the mixtures were incubated for 30 

minutes at room temperature in the dark. After 30 

minutes incubation period, the absorbance of each 

sample and ascorbic acid was read at 517 nm. The 

control used in this assay was 25 μl of 80% methanol 

and 200 μl of 1 mM DPPH, while 80% methanol was 

used as blank. The antioxidant activity, which is the 

ability of the standards and sample to scavenge DPPH 

free radical was calculated using the following equation: 

 

A higher scavenging activity was indicated by 

lower absorbance, which was followed by a decrease in 

the intensity of the purple to yellow colour of the 

solutions. The DPPH radical scavenging activity of each 

sample was expressed in percentage.  

 

Statistical Analysis 

 

Pearson test and regression analyses were used to  

correlate SPF with concentration, SPF with TPC, and 

TPC with DPPH. All these analyses were determined 

using Microsoft Excel with its Data Analysis add-in 

whereby the significant difference was set at p < 0.05. 

 

RESULTS 

 

Total Phenolic Contents (TPC) Assay  

 

A linear regression equation with R2=0.9831 was 

obtained from the standard calibration curve of gallic 

acid (Figure 1) by taking into consideration the 

relationship between absorbance and concentration. 

The total phenolic content of the samples was  

determined at a concentration of 1 mg/ml and  

expressed as milligrams of gallic acid equivalents 

(GAE) per gram of dried weight (mg GAE/ g DW) as 

shown in Table 2. Figure 2 shows the highest TPC for 

fruit extracts was exhibited by star fruit, followed by 

sapodilla, guava, dragon fruit, and water apple, whereas 

in vegetable samples, torch ginger had the highest 

TPC followed by onion, brinjal, tomato, and sweet 

potato.

  

 

 

Figure 1. Gallic acid standard calibration curve. 

 

 

Table 2. TPC of fruits and vegetables at 725 nm 

Sample 
Total Phenolic Content (mg 

GAE/g DW) 

Guava 4.46 

Star fruit 6.57 

Sapodilla 6.43 

Dragon fruit 3.03 

Water apple 3.71 

Onion 4.09 

Brinjal 3.97 

Sweet potato 2.40 

Tomato 3.19 

Torch ginger 16.92 

 

y = 7.7x + 0.024
R² = 0.9831
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𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
)  ×  100% 
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Figure 2. Total phenolic content (TPC) of plant samples 

 

Antioxidant Activity (DPPH Free Radical Scavenging 

Assay) 

 

DPPH radical values were assayed to assess the anti-

oxidant potential of the selected fruits and vegetables. 

The results (Table 3) showed a significantly low 

percentage of DPPH radical scavenging activity 

compared to the standard for every concentration. 

Among the vegetable samples, torch ginger generally 

indicated a high percentage of DPPH radical scavenging 

activity compared to other samples (Figure 3). At the 

highest concentration (0.5 mg/ml), star fruit obtained 

the highest scavenging activity of 22.67% whereas 

water apple demonstrated the lowest scavenging activity 

of 6.68% (Figure 4). Although the order of highest to 

lowest percentage of DPPH radical scavenging activity 

among the samples varied for all concentrations,  

the samples overall follow the trend of increasing 

percentage of DPPH radical scavenging activity 

with concentration. 

 

 

Table 3. Radical scavenging activity at different concentration 

 

 

Conc. (mg/ml) 

Radical scavenging activity (%) 

0.5000 0.2500 0.1250 0.0625 0.0313 0.0156 

Standard 

Guava 

Star fruit  

Sapodilla  

Dragon fruit 

Water apple 

Torch ginger 

Onion 

Brinjal 

Tomato 

Sweet potato 

92.25 

20.62 

22.67 

9.68 

9.97 

6.68 

42.28 

13.93 

14.29 

14.11 

12.19 

89.81 

13.12 

22.46 

7.89 

5.76 

6.63 

25.37 

12.47 

9.97 

7.15 

5.85 

88.87 

10.75 

14.83 

4.53 

5.75 

5.27 

10.12 

9.11 

6.11 

4.87 

4.60 

88.27 

10.27 

12.61 

4.39 

1.93 

4.79 

9.06 

6.62 

3.44 

4.25 

2.33 

51.02 

10.22 

9.46 

2.37 

1.39 

3.95 

8.34 

3.76 

0.88 

2.40 

2.17 

30.69 

8.99 

5.63 

1.97 

0.48 

3.58 

5.70 

2.40 

0.64 

1.99 

1.89 
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Figure 3. DPPH radical scavenging activity of vegetable extracts 

 

 

 

 

Figure 4. DPPH radical scavenging activity of fruit extracts 

 

 

 

SPF Determination of Plant Samples 

 

To provide effective protection against UV-induced 

skin damage, the plant samples should have a wide 

range of absorbance in the UVB region, which is  

between 290 nm to 320 nm. Therefore, in vitro sun 

protection factor (SPF) determination was conducted 

for each sample at different concentrations. In Figure 

5, the SPF values of the fruit sample ranged from 

11.05 (highest) to 2.98 (lowest). At 1 mg/ml, the 

SPF values of the fruits were in the decreasing order 

of guava > star fruit > sapodilla > dragon fruit > water 

apple. However, starting from concentrations of 0.50 

to 0.0625 mg/ml, this pattern was not closely followed 

as the order of fruits from highest SPF value to lowest 

SPF values varied at each concentration. SPF values 

for vegetable samples are shown in Figure 6. At 

concentrations, 0.0625 to 0.2500 mg/ml, the SPF 

values for all samples were negligible, because they 

do not follow the trend in which onion is the highest 

and tomato is the lowest. All reported SPF of each 

sample were significantly different (p < 0.05). 

 

Correlation between SPF with concentration, SPF 

with TPC and TPC with DPPH 

 

The regression value and significance between SPF 

with concentration were strong (r = 0.95-0.99, p < 

0.05), whereas the correlation of SPF with TPC (r = 

0.02, p > 0.05) was weak. The correlation of TPC with 

DPPH radical scavenging activity of the fruit samples 

was moderate (r = 0.46, p > 0.05). Meanwhile, in 

vegetable samples, regression analysis showed the 

SPF value for onion, torch ginger, brinjal, sweet 

potato, and tomato strongly correlates with the  

concentration (r = 0.92-0.99, p < 0.05). The correlation 

of TPC with DPPH radical scavenging activity of the 

vegetable samples was moderate (r = 0.44, p > 0.05). 

 

 

 

 

0

5

10

15

20

25

30

35

40

45

0 0.1 0.2 0.3 0.4 0.5 0.6

S
ca

v
en

g
in

g
 A

ct
iv

it
y
 (

%
)

(mg/ml)

Onion Sweet Potato Tomato Torch Ginger Brinjal

0

5

10

15

20

25

0 0.1 0.2 0.3 0.4 0.5 0.6

S
ca

v
en

g
in

g
 A

ct
iv

it
y
 (

%
)

(mg/ml)

Guava Star fruit Sapodilla Dragon fruit Water apple



93   Emily Edna Anak Nigel, Nurul Shafiqah   Determination of Sun Protection Factor (SPF) of  

       Mohamad Nasir, Amerul Afiq Aspa and   Malaysian Fruit and Vegetable Extracts Using  

       Nurhuda Manshoor   UV–Visible Spectroscopy 

Table 4. SPF values at different concentration 

 

Conc. (mg/ml) 

Sun Protection Factor  

 1.00 0.50 0.25 0.125 0.0625 

Guava 

Star fruit  

Sapodilla  

Dragon fruit 

Water apple 

Torch ginger 

Onion 

Brinjal 

Tomato 

Sweet potato 

 

11.05 ±0.05 

5.02 ±0.02 

4.14 ±0.11 

3.73 ±0.12 

3.46 ±0.23 

5.01 ±0.05 

5.42 ±0.15 

4.87 ±0.22 

4.11 ±0.15 

4.56 ±0.33 

5.05 ±0.03 

4.17 ±0.06 

3.77 ±0.32 

3.24 ±0.25 

3.27 ±0.26 

4.02 ±0.08 

4.53 ±0.55 

3.94 ±0.76 

3.63 ±0.56 

3.82 ±0.44 

3.80 ±0.12 

4.09 ±0.05 

3.37 ±0.21 

3.18 ±0.06 

3.16 ±0.05 

2.96 ±0.33 

2.95 ±0.46 

3.47 ±0.27 

2.98 ±0.08 

3.33 ±0.22 

3.65 ±0.21 

3.96 ±0.15 

3.29 ±0.15 

3.02 ±0.05 

3.09 ±0.09 

2.76 ±0.12 

2.63 ±0.25 

3.07 ±0.15 

2.97 ±0.22 

2.79 ±0.37 

3.28 ±0.15 

3.52 ±0.45 

3.14 ±0.05 

2.98 ±0.55 

3.05 ±0.12 

2.68 ±0.43 

2.59 ±0.50 

2.80 ±0.32 

2.73 ±0.09 

2.73 ±0.10 

 

 

 

Figure 5. SPF values of fruit samples at different concentration 

 

 

 

Figure 6: SPF values of vegetable samples at different concentrations 

 

 

 

DISCUSSION 

 

SPF values are considered high when SPF ≥30, 

moderate from 12-30, and minimal when they are 

ranging from 2–12 [30]. Based on this grading, the 

SPF values of all the study samples fall in the category 

of low SPF. The result showed that torch ginger, 

onion, brinjal, tomato, and sweet potato contain 

natural compounds that can provide UV blockage of 

at least 50%. In the present study, onion obtained the 

highest SPF value among other plants. Phenolics such 

as apigenin and flavonoids, mainly flavonol and  

quercetin were found in onion [31,32]. Apigenin 

presented an absorption spectrum in the UVB range 

and could accelerate the reversal of UVB-induced 
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CPD [33]. Comparably, quercetin provides a photo-

protective effect against both UVA and UVB by 

increasing antioxidant enzymes and effectively  

scavenging intracellular UVB-induced ROS respectively 

[34,35]. Anthocyanins are flavonoids that can absorb 

sections of the UV-A (315–400 nm) and UV-B (280–

315 nm) spectra [36]. Anthocyanins exhibit photo-

protective roles in plants by acting as scavengers of 

ROS [37]. As such, these components in onions may 

have contributed to their photoprotective ability against 

UV radiation which gives its high SPF value. 

 

The highest SPF obtained from the fruit samples 

was that of guava, which demonstrated an SPF value 

of 11.05 at 1 mg/ml concentration. Phenolic substances, 

which are ellagic acid and anthocyanin are present in 

guava [38]. Ellagic acid prevents DNA damage, 

malondialdehyde, reactive oxygen species (ROS), 

and apoptosis brought on by UV-A [39]. Anthocyanins 

shield the photosynthetic apparatus from the detrimental 

effects of excessive visible or UVB light as well as 

photooxidative stress. They absorb both visible and 

UV light and are strong antioxidants and scavengers 

of reactive oxygen species [40]. Guava also contains 

flavonoids and tannins, but an absence of coumarins 

[41]. Tannin is able to absorb UV light during an 

evaluation of the UV spectrum absorption profile. It 

has a substantially greater molar absorptivity coefficient 

and a wider wavelength range of absorption that includes 

the entire UVB range (280-315 nm) compared to gallic 

acid. This suggests that tannin may, to some extent, 

block UV photons from interacting with biological 

components [42]. Coumarins are contraindicated in 

prolonged exposure to the sun as there is a risk of 

photodermatitis, melanomas, and burns. This makes 

their absence crucial when characterising plant extracts 

as their presence in cosmetic formulations can induce 

hyperchromic patches on the skin after exposure to UV 

light. Hence, guava’s high SPF value can be contributed 

to these properties it possesses. Guava supplementation 

in 7.5% 2-ethyl-hexyl methoxycinnamate cream 

formulation improved the photoprotective ability of 

the cream by 134%. It is due to the synergistic effect 

between extract components and synthetic sunscreens. 

As such, this finding revealed that it is possible to 

utilize fewer synthetic filters, reduce product toxicity, 

and lower the end cost of a sunscreen product [41]. 

 

The remarkable antioxidant activity of torch 

ginger extract is attributed to the presence of poly-

phenolic compounds such as flavonols, flavone, and 

isoflavanones [43]. This could explain the values for 

TPC, and antioxidant activity of torch ginger obtained 

in the present study. Otherwise, sweet potatoes in 

which the TPC was the lowest among other samples 

showed poor antioxidant activity. However, as seen 

in brinjal and tomato, although their TPC was lower 

than that of onion, their antioxidant activity was higher. 

The antioxidant can be attributed to other chemicals 

than phenolic compounds. A study showed that the 

high antioxidant activity of spinach and swamp cabbage 

was due to high levels of α-tocopherol, β-carotene, 

and ferulic acid [44]. Tomato is the main source of 

lycopene, but it also contains other important anti-

oxidants such as ascorbic acid and α-tocopherol 

[45,46]. Thus, this could explain why tomatoes had 

high antioxidant activity than onions despite their  

lower TPC value. Free radical scavenging activity is 

not fully attributed to the presence of polyphenols 

[47]. The antioxidant activity could be due to the 

presence of other non-phenolic compounds such as 

vitamins, amino acids, organic acids, metal complexes, 

and inorganic acids that are reactive to Folin-Ciocalteu 

reagent, leading to overestimation of TPC measurement 

[48,49]. Additionally, variations may also be due in 

part, to the structure-antioxidant activity relationship 

of phenolics, whereby flavonoids are considered stronger 

antioxidants than those phenolic acids [50]. 

 

Correlation analyses between SPF with TPC and 

TPC with DPPH revealed a weak correlation between 

SPF with TPC (r = 0.02, p > 0.05) and a moderate 

correlation between TPC with DPPH (r = 0.46, p > 

0.05). The free radical scavenging activity was not 

specially attributed to their polyphenols because the 

Folin-Ciocalteu assay only gave a rough estimation 

of the presence of TPC in the samples [47]. TPC may 

not necessarily include all of the anti-oxidants that 

may be present in an extract, which would explain the 

moderate correlation between TPC and DPPH [50]. 

Besides, the presence of non-phenolic substances 

(vitamins, ketones, aldehydes, amines, nucleotides, 

unsaturated fatty acids, thiols, proteins, amino acids, 

and carbohydrates) can cause overestimation of TPC 

as they are also reactive to the Folin-Ciocalteu 

reagent [51]. As a result, it is difficult to anticipate 

the fruits’ antioxidant capability just based on their 

phenolic content only. Antioxidant activity can also 

be caused by non-phenolic compounds. 

 

CONCLUSION 

 

The conventional belief that high SPF value is due to 

their phenolic contents and their scavenging effects 

on DPPH is not demonstrated in this study. Literatures 

showed that there are many types of organic compounds 

that can filter either UVA or UVB (eg. Anthranilates, 

cinnamates, salicylates, benzophenones etc). In this 

study, guava showed the highest SPF value, but 

relatively low phenolic content and DPPH radical 

value as compared to torch ginger. whereas other 

samples showed the relatively low photoprotective 

property. Analysis of vegetable extracts indicates a 

weak correlation between TPC and SPF values, 

however, significant correlations were observed 

between TPC and antioxidant activity of all samples. 

Among the fruit samples, no significant correlation 

between SPF and TPC as well as TPC and DPPH. 

This could be due to various reasons including 

variation in phenolic content, and other non-phenolic 

compounds. Despite having low photoprotection 

properties, the findings of this study showed the 

potential of Malaysian fruits and vegetables as sun 

protection agents, to be used as alternatives to the 
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currently available synthetic photoprotective agent. 

These extracts could be of greater significance in 

preventing the harmful effects of UV radiation and 

can be used in sunscreen formulations. Further  

research is to establish the efficacy and safety of the 

products to be used as an alternative photoprotective 

agent in sunscreen. It is also important to find out in 

which form the formulation will be stable and shows 

the best effects.  

 
ACKNOWLEDGEMENTS 

 

The authors acknowledge Atta-ur-Rahman Institute 

for Natural Products Discovery (AuRIns) and the 

Faculty of Pharmacy, Universiti Teknologi MARA, 

Malaysia for technical support and research supplies. 

Highest gratitude is dedicated to the laboratory staffs 

for their help and assistance throughout this study.  

 
REFERENCES 

 
1. Lassoued, M. A., Ben Fatma, N. E. H., Haj  

Romdhane, M., Faidi, A., Majdoub, H., Sfar, S. 

(2021) Photoprotective potential of a Tunisian 

halophyte plant Carpobrotus edulis L. European 

Journal of Integrated Medicine, 42, 101286. 

 

2. Watson, M., Holman, D. M., Maguire-Eisen, M. 

(2016) Ultraviolet radiation exposure and its 

impact on skin cancer risk. Seminar on Oncology 

and Nursing, 32(3), 241–254. 

 

3. Sarkany, R. P. E. (2019) Ultraviolet radiation 

and the skin. 2nd ed. Encyclopedia of Environmental 

Health. Elsevier Inc, Houston. 

 

4. Maverakis, E., Miyamura, Y., Bowen, M. P., 

Correa, G., Ono, Y., Goodarzi, H. (2010) Light, 

including ultraviolet. Journal of Autoimmunity, 

34(3), 247–257. 

 

5. Khan, A. Q., Travers, J. B., Kemp, M. G. (2018) 

Roles of UVA radiation and DNA damage 

responses in melanoma pathogenesis. Environ-

mental and Molecular Mutagenesis, 59(5), 

438–460. 

 

6. Mohania, D., Chandel, S., Kumar, P., Verma, V., 

Digvijay, K., Tripathi, D., Choudhury, K., Mitten, 

S. K., Shah, D. (2017) Ultraviolet radiations: 

Skin defence-damage mechanism. Advances in 

Experimental Medicine and Biology, 996, 71–87. 

 

7. Mao, P., Wyrick, J. J., Roberts, S. A., Smerdon, 

M. J. (2017) UV-Induced DNA damage and 

mutagenesis in chromatin. Photochemistry and 

Photobiology, 93(1), 216–228. 

 

8. da Silva, E. S., Tavares, R., Paulitsch, F., Zhang, 

L. (2018) Use of sunscreen and risk of melanoma 

and non-melanoma skin cancer: A systematic 

review and meta-analysis. European Journal of 

Dermatology, 28(2), 186–201. 

 

9. El Aanachi, S., Gali, L., Rammali, S., Bensouici, 

C., Aassila, H., Dari, K. (2021) In vitro study of 

the antioxidant, photoprotective, anti-tyrosinase, 

and anti-urease effects of methanolic extracts 

from leaves of six Moroccan Lamiaceae. Journal 

of Food Measurement and Characterization, 

15(2), 1785–1795. 

 

10. McKay, M. (2008) Sun-associated problems. 

Travel Medicine, 1, 423–427. 

 

11. Oliveira, R. G., Ferraz, C., Souza, G. R., Guimarães, 

A. L., Oliveira, A. P., Lima-Saraiva, R., Rolim, L. 

A., Rolim-Neto, P. J., Almeida, J. R. (2017) Phyto- 

chemical analysis and evaluation of anti-oxidant 

and photoprotective activities of extracts from 

flowers of Bromelia laciniosa (Bromeliaceae). 

Pharmaceutical Biotechnology, 31(3), 600–605. 

 

12. Sambandan, D. R., Ratner, D. (2011) Sunscreens: 

An overview and update. Journal of the American 

Academy of Dermatology, 64(4), 748–758. 

 

13. Zarkogianni,  M., Nikolaidis,  N. (2016) 

Determination of sun protection factor (SPF) and 

stability of oil-in-water emulsions containing 

greek red saffron (Crocus sativus L.) as a main 

antisolar agent. International Journal of Advanced 

Research in Chemical Sciences, 3(7), 1–7. 

 

14. Cefali, L. C., Ataide, J. A., Moriel, P., Foglio, M. 

A., Mazzola, P. G. (2016) Plant-based active photo- 

protectants for sunscreens. International Journal 

of Cosmetic Science, 38(4), 346–353. 

 

15. Yadav, H. K. S., Kasina, S., Raizaday, A. (2016) 

Nanobiomaterials in galenic formulations and 

cosmetics: applications of nanobiomaterials, in 

Sunscreen, vol 1. Elsevier Inc., Houston. 

 

16. Mori, S., Wang, S. Q. (2021) Sunscreens.  

Comprehensive Dermatologic Drug Therapy. 1, 

565–575. 

 

17. Tyagi, N., Srivastava, S. K., Arora, S., Omar, Y., 

Ijaz, Z. M., AL-Ghadhban, A., Deshmukh, S. K., 

Carter, J. E., Singh, A. P., Singh, S. (2016) 

Comparative analysis of the relative potential of 

silver, zinc-oxide and titanium-dioxide nano-

particles against UVB-induced DNA damage for 



94   Emily Edna Anak Nigel, Nurul Shafiqah   Determination of Sun Protection Factor (SPF) of  

       Mohamad Nasir, Amerul Afiq Aspa and   Malaysian Fruit and Vegetable Extracts Using  

       Nurhuda Manshoor   UV–Visible Spectroscopy 

the prevention of skin carcinogenesis. Cancer 

Letters, 383(1), 53–61. 

 

18. Morocho-Jácome, A. L., Freire, T. B., Oliveira, A. 

C., Almeida, T. S., Rosado, C., Velasco, M. V. R., 

Baby, A. R. (2021) In vivo SPF from multi-

functional sunscreen systems developed with 

natural compounds-A review. Journal of Cosmetic 

Dermatology, 20(3), 729–737. 

 

19. Lassoued, M. A., Ben Fatma, N. E. H., Haj 

Romdhane, M., Faidi, A., Majdoub, H., Sfar, S. 

(2021) Photoprotective potential of a Tunisian 

halophyte plant Carpobrotus edulis L. European 

Journal of Integrative Medicine, 42, 101286. 

 

20. Sharma, T., Tyagi, V., Bansal, M. (2020)  

Determination of sun protection factor of  

vegetable and fruit extracts using UV–Visible 

spectroscopy: A green approach. Sustainable 

Chemistry and Pharmacy, 18, 100347.  

 

21. Matta, M. K., Zusterzeel, R., Pilli, N. R., Patel, 

V., Volpe, D. A., Florian, J., Oh, L., Bashaw, E., 

Zineh, I., Sanabria, C., Kemp, S., Godfrey, A., 

Adah, S., Coelho, S., Wang, J., Furlong, L. A., 

Ganley, C., Michele, T., Strauss, D. G. (2019) 

Effect of sunscreen application under maximal 

use conditions on plasma concentration of  

sunscreen active ingredients: A randomized clinical 

trial. Journal of American Medical Association, 

321(21), 2082–2091. 

 

22. Manayi, A., Saeidnia, S. (2014) Cosmetics and 

personal care products. Encyclopedia of Toxicology, 

1, 1043–1049.  

 

23. Schneider, S., Lim, H. (2019) Review of 

environmental effects of oxybenzone and other 

sunscreen active ingredients. Journal of the 

American Academy of Dermatology , 80(1), 

266–271.  

 

24. He, H., Li, A., Li, S., Tang, J., Li, L., Xiong, L. 

(2004) Natural components in sunscreens: Topical 

formulations with sun protection factor (SPF). 

Biomedicine and Pharmacotherapy, 134, 111161. 

 

25. Ismail, A., Marjan, Z. M., Foong, C. W. (2004) 

Total antioxidant activity and phenolic content in 

selected vegetables. Food Chemistry, 87(4), 

581–586. 

 

26. Mansur, M. C., Leitão, S. G., Coutinho, C. C., 

Vermelho, A. B., Silva, R. S., Presgrave, O. A. 

F., Leitão, A. A. C., Leitão, G. G., Ricci, E., 

Santos, E. P. (2016) In vitro and in vivo 

evaluation of efficacy and safety of photoprotective 

formulations containing antioxidant extracts. 

Revista Brasileira de Farmacognosia, 26(2), 251–

258. 

 

27. Sayre, R. M., Agin, P. P., LeVee, G. J., Marlowe, 

E. (1979) A comparison of in vivo and in vitro 

testing of sunscreening formulas. Photochemistry 

and Photobiology, 29(3), 559–566. 

 

28. Almey, A. A., Jalal Khan, C. A., Syed Zahir, I., 

Suleiman. M. K., Aisyah M. R., Kamarul Rahim, 

K. (2010) Total phenolic content and primary 

antioxidant activity of methanolic and ethanolic 

extracts of aromatic plants’ leaves. International 

Food Research Journal, 17(4), 1077–1084. 

 

29. Nafi, N. E. M., Zin, N. B. M., Pauzi, N., Khadar, 

A. S. A., Anisava, A. R., Badiazaman, A. A. M., 

Mohd, K. S. (2019) Cytotoxicity, antioxidant, 

and phytochemical screening of propolis extracts 

from four different Malaysian stingless bee 

species. Malaysian Journal of Fundamental and 

Applied Sciences, 15(2-1), 307–312. 

 

30. Lefahal, M., Zaabat, N., Ayad, R., Makhloufi, E., 

Djarri, L., Benahmed, M., Laouer, H., Nieto, G., 

Akkal, S. (2018) In vitro assessment of total 

phenolic and flavonoid contents, antioxidant and 

photoprotective activities of crude methanolic 

extract of aerial parts of Capnophyllum peregrinum 

(l.) Lange (Apiaceae) growing in Algeria. Medicines. 

5(2), 26–36. 

 

31. Santiago, B., Arias Calvo, A., Gullón, B., Feijoo, 

G., Moreira, M. T., González-García, S. (2020) 

Production of flavonol quercetin and fructooligosac- 

charides from onion (Allium cepa L.) waste: An 

environmental life cycle approach. Chemical 

Engineering Journal, 392, 123772. 

 

32. Hu, S., Zhang, X., Chen, F., Wang, M. (2017) 

Dietary polyphenols as photoprotective agents 

against UV radiation. Journal of Functional 

Foods, 30, 108–118. 

 

33. Das, S., Das, J., Paul, A., Samadder, A., Khuda-

Bukhsh, A. R. (2013) Apigenin, a bioactive 

flavonoid from Lycopodium clavatum, stimulates 

nucleotide excision repair genes to protect skin 

keratinocytes from ultraviolet b-induced reactive 

oxygen species and DNA damage. Journal of 

Acupuncture and Meridian Studies, 6(5), 252–

562. 

 

34. Kahraman, A., Inal, M. E. (2002) Protective 

effects of quercetin on ultraviolet A light-

96   Emily Edna Anak Nigel, Nurul Shafiqah   Determination of Sun Protection Factor (SPF) of  

       Mohamad Nasir, Amerul Afiq Aspa and  Malaysian Fruit and Vegetable Extracts Using  

       Nurhuda Manshoor  UV–Visible Spectroscopy 



95   Emily Edna Anak Nigel, Nurul Shafiqah   Determination of Sun Protection Factor (SPF) of  

       Mohamad Nasir, Amerul Afiq Aspa and   Malaysian Fruit and Vegetable Extracts Using  

       Nurhuda Manshoor   UV–Visible Spectroscopy 

induced oxidative stress in the blood of rat. 

Journal of Applied Toxicology, 22(5), 303–309. 

 

35. Zhu, X., Li, N., Wang, Y., Ding, L., Chen, H., 

Yu, Y., Shi, X. (2017) Protective effects of 

quercetin on UVB irradiation-induced cytotoxicity 

through ROS clearance in keratinocyte cells. 

Oncology Reports, 37(1), 209–218. 

 

36. Landi, M., Tattini, M., Gould, K. S. (2015) 

Multiple functional roles of anthocyanins in 

plant-environment interactions. Environmental 

and Experimental Botany, 119, 4–17. 

 

37. Kytridis, V. P., Manetas, Y. (2006) Mesophyll 

versus epidermal anthocyanins as potential in 

vivo antioxidants: evidence linking the putative 

antioxidant role to the proximity of oxy-radical 

source. Journal of Experimental Botany, 57(10), 

2203–2210. 

 

38. Misra, K., Seshadri, T. R. (1968) Chemical 

components of the fruits of Psidium guava. Phyto- 

chemistry, 7(4), 641–645. 

 

39. Ichihashi, M., Ueda, M., Budiyanto, A., Bito, T., 

Oka, M., Fukunaga, M., Tsuru, K., Horikawa, T. 

(2003) UV-Induced skin damage. Toxicology, 

189(1-2), 21–39. 

 

40. Gould, K. S. (2004) Nature’s Swiss Army knife: 

The diverse protective roles of anthocyanins in 

leaves. Journal of Biomedicine and Biotechnology, 

2004(5), 314–320. 

 

41. Mota, M. D., Costa, R. Y. S., Guedes, A. S., 

Silva, L. C. R. C, Chinalia, F. A. (2019) Guava-

fruit extract can improve the UV-protection 

efficiency of synthetic filters in sun cream 

formulations. Journal of Photochemistry and 

Photobiology B: Biology, 201, 111639. 

 

42. Daré, R. G., Nakamura, C. V., Ximenes, V. F., 

Lautenschlager, S. O. S. (2020) Tannic acid, a 

promising anti-photoaging agent: Evidence of its 

antioxidant and anti-wrinkle potentials, and its 

ability to prevent photodamage and MMP-1 

expression in L929 fibroblasts exposed to UVB. 

Free Radical Biology and Medicine, 160, 342–

355. 

 

43. Ghasemzadeh, A., Jaafar, H. Z. E., Rahmat, A., 

Ashkani, S. (2015) Secondary metabolites 

constituents and antioxidant, anticancer and anti- 

bacterial activities of Etlingera elatior (Jack) 

R.M.Sm grown in different locations of Malaysia. 

BMC Complementary Medicine and Therapies, 

15(1), 1–10. 

 

44. Ismail, A., Marjan, Z. M., Foong, C. W. (2004) 

Total antioxidant activity and phenolic content in 

selected vegetables. Food Chemistry, 87(4), 

581–586.  

 

45. Martí, R., Leiva-Brondo, M., Lahoz, I., Campillo, 

C., Cebolla-Cornejo, J., Roselló, S. (2018) Poly-

phenol and l-ascorbic acid content in tomato as 

influenced by high lycopene genotypes and organic 

farming at different environments. Food Chemistry, 

239, 148–156. 

 

46. Siddiqui, M. W., Ayala-Zavala, J. F., Dhua, R. S. 

(2015) Genotypic variation in tomatoes affecting 

processing and antioxidant attributes. Critical 

Reviews in Food Science and Nutrition, 55(13), 

1819–1835. 

 

47. Prior, R. L., Wu, X., Schaich, K. (2015) 

Standardized methods for the determination of 

antioxidant capacity and phenolics in foods and 

dietary supplements. Journal of Agricultural and 

Food Chemistry, 53(10), 4290–4302. 

 

48. Padmanabhan, P., Cheema, A., Paliyath, G. 

(2016) Solanaceous fruits including tomato, egg-

plant, and peppers. Encyclopedia of Food Healing, 

1, 24–32. 

 

49. Everette, J. D., Bryant, Q. M., Green, A. M., 

Abbey, Y. A., Wangila, G. W., Walker, R. B. 

(2010) A thorough study of reactivity of various 

compound classes towards the Folin-Ciocalteu 

reagent. Journal of Agricultural and Food 

Chemistry, 58(14), 8139–8144. 

 

50. Niño-Medina, G., Urías-Orona, V., Muy-Rangel, 

M. D., Heredia, J. B. (2017) Structure and content of 

phenolics in eggplant (Solanum melongena) - a 

review. South African Journal of Botany, 111, 

161–169. 

 

51. Alali, F. Q., Tawaha, K., El-Elimat, T., Syouf, 

M., El-Fayad, M., Abulaila, K., Nielsen, S. J., 

Wheaton, W. D., Falkinham, J. O., Oberlies, N. 

H. (2007) Antioxidant activity and total phenolic 

content of aqueous and methanolic extracts of 

Jordanian plants: An ICBG Project. Natural 

Products Research, 21(12), 1121–1131. 

97   Emily Edna Anak Nigel, Nurul Shafiqah   Determination of Sun Protection Factor (SPF) of  

       Mohamad Nasir, Amerul Afiq Aspa and  Malaysian Fruit and Vegetable Extracts Using  

       Nurhuda Manshoor  UV–Visible Spectroscopy 


