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Indonesia is geographically located on the equator and is presently faced with several complex
problems, among which are air pollution and ultraviolet radiation. On average, Indonesians lose
approximately 1.2-5 years of their life expectancy due to air pollution and high exposure to
ultraviolet radiation, which tends to increase risk factors for skin cancer (melanoma), skin aging,
sunburn, damage to collagen, inflammation, and skin elasticity. However, some plants, such as
black glutinous rice (Oryza sativa var. glutinosa) are believed to have hereditary protection
against ultraviolet radiation and contain antioxidant compounds. Therefore, this study tries to
find out the antioxidant activity and sun protection factor of O. sativa extract applying DPPH
(1,1-diphenyl-2-picrylhydrazyl) and UV-Vis spectrophotometry. The result showed that the O.
sativa extract showed weak antioxidant activity with an ICso value of 318.883 pg/mL, while the
SPF (Sun protection factor) test was at the ultra-protection level against UV-B with a value of
36.65 + 0.377 at a concentration of 10,000 pg/mL. Therefore, O. sativa extract has antioxidant
activity and protection against ultraviolet rays and has the potential to be considered as a new

sunscreen agent.
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Introduction

According to the World Health Organization (WHO),
Indonesians lose 1.2-5 years of their life expectancy due to air
pollution, with a significant percentage contributed by the energy
sector such as transportation, power generation activities, industry,
and housing.? Furthermore, due to the country’s geographic location
on the equator, it is highly exposed to ultraviolet radiation.® The
effects of exposure to ultraviolet radiation and air pollution increases
risk factors for skin cancer (melanoma), extrinsic aging, elasticity,
sunburn, damage to collagen, and inflammation, such as contact and
atopic dermatitis psoriasis, and acne.*® Therefore, it is necessary to
protect the body from air pollution and ultraviolet radiation using
antioxidants and sunscreen products.*® The sun protection factor
(SPF) of sunscreen is described as the amount of UV energy needed to
create a minimum erythema dose (MED) on protected skin separated
by the UV energy demanded to provide a MED on unprotected skin.
MED was established as the shortest time interval or lowest dosage of
UV irradiation that produces the least apparent erythema on exposed
skin.” The bigger the SPF number, the greater the protection given
toward UV rays. However, several studies reported that the
application of sunscreen to protect the skin from UV is not completely
harmless.'® Therefore, it is essential to examine the production of
sunscreen chemicals from natural components. Several studies have
demonstrated that natural chemicals can be exploited as possible
sources of sunscreen due to their UV absorption and antioxidant
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activities,"'Furthermore, natural extracts as antioxidants and protection
from ultraviolet radiation are widely used because they are flexible,
economical, easy to obtain, used as cosmetics, and have the least side
effects on the body."®** Indonesia has the second-largest biodiversity
globally with approximately 28,000 plant species, of which 2,500 are
medicinal.** Black glutinous rice (Oryza sativa var. glutinosa) (Figure
1) is a plant that has hereditary protection against ultraviolet radiation
and contains antioxidant compounds. Therefore, this study was carried
out to determine the antioxidant activity of O. sativa extract and to
measure its value of Sun Protection Factor (SPF) using in vitro testing.

Materials and Methods

Materials

Methanol solvent, ether, sulfuric acid, Mg powder, ferric chloride,
hydrogen chloride, ethanol, amyl alcohol, chloroform, potassium
hydroxide, gelatin, ascorbic acid, vanillin, and DPPH (1,1-diphenyl-2-
picrylhydrazyl) (Sigma Chemical Co. (St. Louis, MO, USA)). All
reagents are of analytical grade.

Plant determination and extraction

In November 2019, fresh rice of O. sativa weighing 10 kg, were taken
from Bungur Gede Village, Subang Regency, West Java, Indonesia,
and transported to Central Laboratory, Buana Perjuangan Karawang
University, for cleaning, air drying, grinding, and extraction. The plant
was identified as O. sativa by Dr. Iriawati from the School of
Biological Science and Technology, Bandung Institute of Technology
(No. 6721/11.C02.2/P1./2019).

Preparation of extract

The O. sativa powder weighing 500 g was macerated thoroughly in
96% ethanol (2 L) until 72 hours. The liquid extract was obtained and
concentrated using a rotary evaporator (Eyela OSB-2100) at a
temperature of 50°C to produce a concentrate of 5.05%, with the fixed
weights obtained by dividing simplicia weights multiplied by 100%.
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Phytochemical screening

The O. sativa extract was screened qualitatively to analyse the
presence of secondary metabolites, such as alkaloids, terpenoids,
flavonoids, phenolic compounds, saponins, tannins, and quinones.15

DPPH free radical scavenging activity

Determination of antioxidant activity was carried out using DPPH.'® A
stock solution of 50 pg/mL DPPH was prepared by dissolving 5 mg of
DPPH in 100 mL methanol. The sample solution was obtained by
dissolving 250 mg of O. sativa extract with 25 mL of methanol, then
the solution was diluted to 100, 250, 750, 2,500, and 7,500 pg/mL.
After that, 2 mL of each solution was mixed with 2 mL of DPPH stock
solution until homogeneous and incubated at 30°C for 30 minutes.
Antioxidant activity was read using UV-Vis spectrophotometry
(Thermo Fisher Scientific, USA) at a wavelength of 515.50 nm and
repeated four times. The blank sample was 1 mL of DPPH solution in
10 mL of methanol measured at the same time and wavelength (Ab).
Ascorbic acid was used as a comparison with various concentrations
of 1, 2, 4 and 8 pg/mL. The percentage of DPPH radical scavenging
activity was calculated by the following equation:

b — As

b x 100

A
Inhibition rate (%) =

Ab and As denote the absorbents of blank and sample. The percentage
of inhibition was plotted against the concentration and calculated from
the ICso graph.

Sun protection factor (SPF) assay

SPF is described as the increase in exposure time needed to induce
erythema, and it is used to measure screening activity against the
sun.'” A total of 250 mg of O. sativa extract with 25 mL ethanol was
prepared and diluted to 1,000, 5,000, and 10,000 pg/mL. After that,
the solution was filtered and precipitated at 3,000 rpm for 10 minutes
using a centrifuge (Gemmy Industrial Corp., Taiwan) and filtered in a
Whatman no.1 paper.’®*® The SPF value was determined using a UV-
Vis spectrophotometer at 290, 295, 300, 305, 310, 315, and 320 nm
wavelengths. It was also compared four times using an ethanol
solution as a blank. The SPF value was estimated using the Mansur
equation.?

320

SPF spectrophotometric = CF X Z EE () x1(Q) x abs (1)
290

Where:

CF =10 (correction factor).

EE = Erythemaous radiation effect spectrum.

| = Sunlight intensity spectrum.

Abs = Absorbance value of sunscreen products.

Table 1: SPF effectiveness category

SPF value Protection level

2-4 Weak protection

4-8 Medium protection

8-15 Maximum protection
15-24 Very maximum protection
25-39 Ultra-protection

40-50+ Power protection

Statistical analysis

Data were investigated using SPSS version 22. One-way analysis of
variance (ANOVA) was used for statistical analysis. The results were
reported as the meanzstandard deviation (SD) of the four replicates
with p-value less than 0.05 considered significant. Meanwhile, the
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ICsp value at 50% inhibition was obtained from the regression plot
using the AAT Bioquest application.

Results and Discussion

Phytochemical screening

Phytochemical screening of O. sativa extract showed the existence of
chemical elements such as alkaloids, polyphenols, flavonoids, quinones,
sesquiterpenoids, monoterpenoids, triterpenoids, and steroids. Table 2
shows a summary of the phytochemical screening of O. sativa extracts.

Antioxidant activity

Antioxidant activity was quantitatively determined by the DPPH
method expressed as 1Cso, which is the concentration needed to inhibit
50% of DPPH free radicals.”® The antioxidant activity of O. sativa
extract was carried out at different concentrations. It was observed that
the higher the concentration of the extract, the higher the percentage
value of inhibition (Table 3). The results proved that the antioxidant
power of O. sativa extract is in the weak antioxidant range, in contrast
to the ascorbic acid, which has a very strong antioxidant power.

Table 2: Classification of antioxidants based on ICx, values.”

1Csp value (pg/mL) Antioxidant activity

<50 Very strong
50-100 Strong
101-250 Medium
250-500 Weak

> 500 Not active

Table 3: Phytochemical screening of O. sativa extract

No. Phytochemical screening Result
1 Alkaloids +
2 Flavonoids +
3 Polyphenols +
4 Tannins -
5 Quinones +
6 Saponins -
7 Monoterpenoids and Sesquiterpenoids +
8 Triterpenoids and Steroids +

(+) = Present, (-) = Absence

Figure 1: Black glutinous rice (Oryza sativa var. glutinosa).
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Sun protection factor (SPF)

The SPF value is a measure of protection from UV-B radiation, where
the higher the SPF value, the higher the protection against UV-B
radiation.?? The simple mathematical equation developed by Mansur
in 1986 is used to determine its value,® as well as the efficacy and
effectiveness of sunscreen.?? The results of determining the SPF value
of O. sativa extract is shown in Table 5. The effectiveness of
protection against UV-B of O. sativa extract at each concentration
showed a very good result. The SPF value of O. sativa extract is in
accordance with the Indonesian National Standard,* which outlines
that a sunscreen preparation needs to have a minimum protection
factor of 4. Most Indonesians have skin types IV and V, therefore the
recommended SPF used is 5-15.% The high SPF value in the O.
sativa extract is due to the flavonoid compounds contained in it which
have protective activity from ultraviolet radiation. This process occurs
because flavonoid compounds can activate antioxidant enzymes, 252
catalyze metal chelates, transfer-free electrons,*®* reduce alpha-
tocopherol  radical,®* inhibit oxidase,®® and acts as an
immunomodulator.®
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Table 4: Antioxidant activity of O. sativa extract and ascorbic
acid

Sample Concentration I 1Csp
No % Inhibition
(g/mL) (Hg/mL)
100 4.017 £ 0.048
250 28.730 £ 0.016
Oryza
1 ) 750 71.640 £0.005 318.883
sativa
2,500 77.912 £0.019
7,500 82.647 + 0.006
1 14.719 £ 0.013
Ascorbic 2 23.869 + 0.002
2 . 3.688
acid 4 53.612 £ 0.019
8 73.842 £0.014

Table 5: Category of SPF value effectiveness of O. sativa extract

Concentration

Level of protection against

No SPF value Effectiveness
(ng/mL) UV-B (%)
1 1,000 11.93+£0.051 Maximum protection 91.62
2 5,000 23.61£0.194 Very maximum protection 95.77
3 10,000 36.65 + 0.377 Ultra-protection 97.27
Conclusion Dermatol Alergol. 2017; 34(1):6-14.

This research revealed that O. sativa extract has weak antioxidant
activity compared to ascorbic acid. It also has an ultra-protection level
against UV-B at a concentration of 10,000 pug/mL. All SPF values in
this test are in accordance with the Indonesian National Standard
(SNI). Therefore, O. sativa can be used as a new sunscreen agent for
protection against ultraviolet radiation. However, further research still
needs to be carried out to determine the action mechanism of the
active compounds contained in O. sativa, which protect against
ultraviolet radiation.
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