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Abstract

Background: Ultraviolet exposure is an extrinsic factor to initiate melanogenesis, the process of melanin formation in the skin.
Nowadays, natural ingredients tend to be more prevalent in cosmetic formulations due to consumers’ concern about synthetic
ingredients and the risks they may represent for human health. Rice bran, the outer layer of a rice grain, can be utilized as a skin-
lightening agent.
Objectives: This study aimed to determine the efficacy of a lotion containing black rice bran (Oryza sativa L. indica) ethanolic extract
as a skin lightening agent.
Methods: The black rice bran ethanolic extract was formulated into oil in water (o/w) lotion. In this study, 34 women applied the
lotion at one side of the forearm and base placebo lotion as control at the other side of forearm. The results were tested with a paired
t-test by GraphPad Prism 8.3.0 software.
Results: There was a significant decrease in the melanin index and erythema index in the forearm with a lotion containing black
rice bran extract (P-value < 0.0001).
Conclusions: The lotion containing 10% black rice bran extract was effective as a skin lightener because it effectively reduced skin
melanin production when applied topically.
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1. Background

Ultraviolet irradiation, through several pathways,

could modulate melanogenesis, which is the process of

melanin formation in the skin. It is a complex process

involving the activities of tyrosinase and other tyrosinase-

related proteins (1-3). Tyrosinase inhibition is one of the

most common mechanisms used to achieve skin lighten-

ing (4). The search for non-cytotoxic natural whitening is

based on the fact that natural ingredients tend to be more

prevalent nowadays in cosmetic formulations due to con-

sumers’ concern about synthetic ingredients and the risks

they may represent for human health (5). Natural prod-

ucts and their derivate are known to be a potential source

as biologically active ingredients used in phyto-cosmetics

(6).

Rice bran, an abundant rice mill by-product contain-

ing gamma oryzanol, could be used as a skin brightening

agent (3). Miyazawa et al. (7) reported that 0.4 mg/ml black

rice bran extract inhibited tyrosinase activity by 80.5%. The

dry black rice bran (Oryza sativa L. indica) contained 118.572

mg/g of gamma oryzanol, and the extract inhibited tyrosi-

nase activity at an IC50 of 74.8µg/mL (8). Gamma oryzanol

in bran is a ferulic acid belonging to the phenolic com-

pound (9, 10). Ferulic acid is the dominant phenolic acid

in bran, containing 56 - 77% of the total phenol (11, 12).

Tyrosinase is an enzyme that plays a role in the forma-

tion of melanin in the epidermis. Its mechanism of action

is catalyzing L-tyrosine’s hydroxylation reaction to L-DOPA

and the oxidation of L-DOPA to dopaquinone, the two main

reactions in melanin biosynthesis. Dopaquinone is a com-

pound with a very high reactivity that can polymerize to

form a dopachrome, which then forms melanin (13).

2. Objectives

The present study aimed to evaluate the effects of

lotion containing 10% black rice bran extract on skin
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melanin and erythema index. The effects produced by this

lotion were compared with placebo, which is a base lotion

without black rice bran (Oryza sativa L. indica) extract.

3. Methods

3.1. Materials

3.1.1. Plant Material

Black rice bran was obtained from Ciletuh Geop-

ark in Sukabumi, West Java, and authenticated

(No.1672/II.CO2.2/PL/2020) at School of Life Science and

Technology, Institut Teknologi Bandung, Indonesia.

3.1.2. Chemicals

In this study, we used ethanol 96% (Merck, Germany),

demineralized aqua (Brataco, Indonesia), olive oil (Brat-

aco, Indonesia), vaseline album (Brataco, Indonesia), dime-

thicone (Brataco, Indonesia), cetyl alcohol (Brataco, In-

donesia), isopropyl myristate (Brataco, Indonesia), span

80 (Brataco, Indonesia), propylparaben (Brataco, Indone-

sia), BHT (butylated hydroxytoluene) (Brataco, Indonesia),

tween 80 (Brataco, Indonesia), methylparaben (Brataco, In-

donesia), and glycerin (Brataco, Indonesia).

3.2. Method

3.2.1. Preparation of Plant Extract

The black rice bran was extracted using maceration for

three days using 96% ethanol in a 1:4 (w/v) ratio. The mix-

ture was evaporated in a water bath at 80°C for 24 h to ob-

tain a slimy mixture after the maceration process.

3.2.2. Preparation of Lotion

The oil-phase materials consist of olive oil, vaseline al-

bum, dimethicone, cetyl alcohol, isopropyl myristate, span

80, and melted at 70°C. Furthermore, BHT was melted into

the oil phase. Materials in the water phase consisted of

propylparaben, tween 80, methylparaben, and glycerin.

They were dissolved in demineralized aqua at 70°C.

We mixed the oil phase and the water phase at 70°C and

used a homogenizer for 15 minutes at a speed of 3000 rpm.

Then, 10% black rice bran extract was added gradually after

the emulsion began to form. Homogenization process was

carried out again for the next 15 minutes at 3000 rpm until

a homogeneous lotion was developed, then cooled until it

reached room temperature.

3.2.3. Product Evaluation on Skin

This clinical trial was approved by the Ethics Commit-

tee of University of Indonesia (protocol number 19 - 10 -

1170, version: 00, September 2019). The samples in this

study included 34 healthy women aged 18 - 25 years.

3.2.3.1. Inclusion Criteria

The participants of this study included 34 females aged

18 - 25 years, who were students of the Faculty of Pharmacy,

University of Indonesia, with an Asian race. The partici-

pants were requested to discontinue applying other cos-

metic products to the forearm’s skin within a week before

and during the study. An informed consent was obtained

from all participants.

3.2.3.2. Exclusion Criteria

The exclusion criteria were women with skin disor-

ders such as psoriasis, acne, allergies, wounds, scars, and

other skin diseases; pregnant, menopausal, lactating, and

smoker women; women suffering from illness, taking oral

or topical medications that affect skin conditions; and un-

willingness to follow the research.

3.2.3.3. Irritation Test

In this study, the lotion containing 10% black rice

bran extract and placebo were tested using Finn chamber

patches attached to the skin on the back. The patches were

then removed after 24 hours. Skin reactions were observed

and evaluated after 1 hour, 24 hours, and 72 hours from

the removal of patches. The reactions observed were in the

form of allergies and irritation objectively and subjectively

(14, 15).

3.2.3.4. Lotion Application

Lotion was applied on volar forearm, which represents

the facial skin anatomy because its skin surface is smooth,

hairless, and has few sebaceous glands. Therefore, testing

the benefits of facial care products such as brightening,

moisturizing, and anti-aging products on the volar section

is very relevant (16). The application of the lotion contain-

ing 10% black rice bran extract and the lotion containing

the placebo as much as 0.5 g (area 40 - 50 mm2) was car-

ried out two times daily. We labeled the lotions as ’Right’

and ’Left’ to help participants apply them correctly. Re-

searchers and volunteers did not know the content of each

lotion (double-blind). This clinical study was conducted

from February to March 2020.
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3.2.3.5. Measurement of Skin Brightness and Erythema Level

Measurement of the skin brightness and erythema

level using Mexameter MX-18 (Courage + Khazaka Elec-

tronic, Köln, Germany) was carried out at first when the

lotion was not applied (day 0), then measured again after

day 14 to assess the lotion’s benefits. Mexameter is a spec-

trophotometer measurement technique based on the re-

flection and absorption of light. The results are displayed

in 1 second as a melanin and erythema index number be-

tween 0 and 999. The melanin index is an indicator that

measures the level of pigmentation in the skin. The ery-

thema index is an indicator that measures the level of ery-

thema on the skin.

Mexameter reads the melanin index at 660 nm and 880

nm. In comparison, the erythema index (hemoglobin) on

the device is read at 568 nm and 660 nm to eliminate skin

discoloration bias caused by other factors such as biliru-

bin.

Measurements using this tool were carried out verti-

cally perpendicular to the volar. Mexameter worked when

contacted with the skin. Measurements were taken for 3

seconds until a ’beep’ sound was heard. Then, the screen

showed the measured skin brightness level. The Mexame-

ter was not moved during measurement.

4. Result and Discussion

The results were tested with a paired t-test by GraphPad

Prism 8.3.0 software. The lotion test containing 10% black

rice bran extract and placebo results mean melanin index

measurement before applying the lotions (day 0) and then

re-measured at the end of the test (day 14) are shown in Ta-

ble 1.

From the measurement data obtained, a paired t-

test was performed to determine statistical significance.

The results of the paired t-test showed a significant de-

crease in the melanin index (P-value < 0.0001) in the

forearm applied with lotion test (containing 10% black

rice bran extract) and a slight insignificant decrease in

the melanin index (P-value = 0.3311) in the forearm ap-

plied with placebo. The data tested statistically passed the

Kolmogorov-Smirnov normality test and the F-Fisher ho-

mogeneity test. Mexameter can also show the erythema in-

dex. Erythema index measurement was done at first before

using the lotion (day 0), then re-measured after day 14 to as-

sess the lotion’s benefits. The results are displayed in Table

2.

The results of the paired t-test showed a significant

decrease in erythema index in both intervention (P-value

< 0.0001) and placebo (P = 0.0223) groups. The data

tested statistically passed the Kolmogorov-Smirnov nor-

mality test and the F-Fisher homogeneity test.

In this study, a significant decrease in the melanin in-

dex and the skin’s erythema index was recorded when the

skin was applied with a lotion containing 10% black rice

bran extract. The erythema index of the skin in the placebo

group also decreased significantly. In this study, both lo-

tions reduced the erythema index. A decrease in the ery-

thema index indicates that the lotion did not irritate the

skin (17). Water content above 60% in the preparation

causes a cold feeling after applying both lotions to the skin

(18).

The skin lightening mechanism is a complex pro-

cess that can be obtained through the tyrosinase inhibi-

tion pathway, inhibition of pigment production, inhibi-

tion of melanosome transfer activated by PAR-2 (protease-

activated receptor), and reactive oxygen species reduction

(19).

The extract of black rice bran could inhibit the activity

of the tyrosinase enzyme. Black rice bran extract contains

gamma oryzanol, which belongs to a phenol group (8) with

a strong potential as an inhibitor of the tyrosinase enzyme.

Phenolic compounds have a good affinity for the ty-

rosinase enzyme, thereby preventing the formation of

dopachrome. Competitive inhibitors, such as phenol, gen-

erally have a substrate-like structure. Glucosides, protonic

acid, vanillic acid, and anthocyanins in black rice bran are

tyrosinase inhibitors (20, 21).

In a study conducted by Jun et al. (3), gamma oryzanol

inhibited pigment production in B16 melanoma cells by in-

hibiting transcription of microphthalmia-associated tran-

scription factor (MITF), which can stimulate melanin for-

mation. In general, antioxidants reduced Melanocyte-

stimulating hormone (MSH) activity to inhibit the expres-

sion of MITF (22).

Jung et al. showed a strong correlation between phe-

nol and Oxygen radical absorbance capacity (ORAC) val-

ues (r = 0.6770) in 21 types of Korean rice bran, includ-

ing black rice bran (22). The ORAC value obtained reached

1101.31 µM per Trolox Equivalent/g. Gamma oryzanol in

black rice bran is a strong antioxidant. The potential is

stronger than vitamin E, namely alpha-tocopherol, alpha

tocotrienol, gamma-tocopherol, and gamma-tocotrienol

(23). Anthocyanins, flavonoids responsible for the color

pigment in black rice bran, are also powerful antioxidants.
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Table 1. Melanin Index Measurement Before and After the Test in the Intervention and Control Groups

Treatment
Melanin Index

Day 0 (Mean) Day 14 (Mean) Deviation Standard Deviation P-Value

Lotion test 240.21 214.38 25.82 21.37 < 0.0001

Placebo 232.77 229.74 3.03 17.96 0.3311

Table 2. Erythema Index Measurement Before and After the Test in the Intervention and Control Groups

Treatment
Erythema Index

Day 0 (Mean) Day 14 (Mean) Deviation Standard Deviation P-Value

Lotion test 196.09 173.91 22.18 26.41 < 0.0001

Placebo 196.69 186.35 10.34 25.13 0.0223

This component accounts for 20% of the total flavonoids

in black rice bran (24). Antioxidants demonstrate some ef-

ficacy in downregulating UV induced hyperpigmentation

in the skin (20).

Antioxidants in anthocyanins are inhibitors of inflam-

matory mediators, namely by inhibiting the production of

TNF-α, IL-6, and NO in macrophages that are activated by

lipopolysaccharides (24).

In this study, there was a significant decrease in both

melanin and erythema indices after applying a lotion con-

taining 10% black rice bran extract. Mexameter read the

melanin index at 660 nm and 880 nm. In comparison, the

erythema index (hemoglobin) on the device was read at

568 nm and 660 nm to eliminate skin discoloration bias

caused by other factors such as bilirubin. Hemoglobin also

played a role in skin color (25) because deoxyhemoglobin

could be read at a wavelength of 630 - 700 nm (26). A corre-

lation test was also conducted in this study to measure the

relationship between melanin and erythema index.

The results of Pearson’s correlation test (Figure 1)

showed that the decrease in the melanin and erythema in-

dex in the right arm (lotion test) had a weak correlation

with a correlation coefficient of 0.366.

Melanin formation occurs in the epidermis, while

hemoglobin is found in blood vessels located in the dermis

layer (25). In clinical studies on UV-induced skin, there was

an increase in the melanin index (tanning) and deoxyhe-

moglobin, causing the skin to become darker. The tanning

process takes place from the seventh day after induction

and lasts for three weeks. Meanwhile, the increase in de-

oxyhemoglobin lasts since exposure on the first day and

could persist for up to two weeks (26). Melanin index is a

better parameter in determining skin color than the ery-

thema index because it is less affected by blood flow (27).

A decrease in the erythema index indicates that the lotion

formulation has a soft texture and does not irritate the skin

(17).

5. Conclusions

According to the results of this study, the lotion con-

taining 10% black rice bran extract was effective as a skin

lightener because it effectively reduced skin melanin pro-

duction when applied topically. The formulation had no

harmful effects on the skin and could be used as natural

skin-lightening product. However, the long-term safety

study of lotion containing 10% black rice bran extract is rec-

ommended.
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