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ABSTRACT
Objective: The objectives of this study were to quantify γ-oryzanol in an ethanolic extract of Oryza sativa L. Indica (black rice) bran and to evaluate
its activity as a tyrosinase inhibitor.
Methods: Black rice bran was extracted via maceration in 96% ethanol, and the γ-oryzanol concentration in the extract was measured through
high-performance liquid chromatography. The applicability of the extract as a skin lightening agent was determined by evaluating its tyrosinase
inhibition activity.
Results: The dry rice bran contained 118.572 mg/g of γ-oryzanol, and the extract inhibited tyrosinase activity at an IC50 of 74.8%.
Conclusion: The black rice bran extract was sufficiently potent for use in skin lightening formulations.
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Fair skin is desired by most women who live in tropical countries
with high levels of ultraviolet (UV) exposure. This has lead to an
annually increasing demand for cosmetic products containing skin
lightening agents. According to the Zion Market Research Report
(2018) [1], the global market for skin lightening products was
valued at 4.075 million US dollars (USD) in 2017; it is expected to
increase to 8.895 million USD by 2024.
UV exposure can trigger the formation of radical oxygen species,
which cause lipid peroxidation that initiates melanogenesis, the
process of melanin formation in the skin [2]. Melanogenesis is
complex, gradual [3], and involves the biosynthesis of tyrosinase [4].
Tyrosinase inhibition is one of the most common mechanisms used
to achieve skin lightening [5].
The use of hydroquinone as a skin lightening agent has been restricted
because it has been reported to cause side effects such as skin
irritation, contact dermatitis, and exogenous ochronosis in individuals
with colored skin [6]. Therefore, skin lightening agents derived from
natural ingredients are preferred alternatives. In Indonesia,
Glycyrrhiza glabra, Pachyrhizus erosus, and Curcuma xanthorrhiza are
used empirically.[7] However, rice bran, a byproduct of the rice milling
process, also has potential value as a skin lightening agent. Moreover,
rice bran which formulated in cosmetic products are found to be
stable, free from heavy metals, and microbial contamination [8].
Miyazawa et al. reported that 0.4-mg/ml black rice bran extract
inhibited tyrosinase activity by as much as 80.5% [9].
Rice bran contains fat, protein [10], fiber, and minerals [11].
Additionally, it contains several bioactive compounds such as
vitamin E (tocopherol and tocotrienol), gamma (γ) oryzanol [12],
and anthocyanins, which are commonly found in pigmented rice
bran [11]. γ oryzanol restricts melanogenesis by inhibiting the
activity of the tyrosinase enzyme. In vitro, of 3-and 30-μM γ-oryzanol
doses, reduced melanin levels in B16 melanocytes by 13% and 28%,
respectively [4]. γ-oryzanol is a chemical compound that mainly
comprises complex ester trans-ferulate (trans-hydroxy cinnamic
acid) with phytosterols (sterols and alcohol triterpene), including
cycloartenol, β-sitosterol, 24-methylene cycloartenol ferulate, and
predominant campesterol [13, 14].

Fig. 1: The chemical structure of γ-oryzanol [13]

The concentration of γ-oryzanol in black rice bran ranges from 3.95
to 7.72 mg per gram of dry matter; this is higher than those in red
and white rice bran, which are 3.59–3.69 and 1.55–3.13 mg per gram
of dry matter, respectively [15]. Mingyai et al. [16] reported a γoryzanol concentration of 281.95 mg/g in Hom-nin black rice bran
oil.
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In this study, we determined the γ-oryzanol concentration using
black rice bran (Oryza sativa L. Indica) ethanol extract. Ethanolic
black rice bran extract showed the highest phenolic content,
flavonoid content, and carotenoid content [17]. Ethanolic extracts of
natural ingredients are approved for cosmetic use by The National
Agency of Drug and Food Control of the Republic of Indonesia [18].
γ-oryzanol was isolated and quantified using high-performance
liquid chromatography (HPLC), and its IC50 was determined to
evaluate its applicability as a skin lightening agent.
Black rice bran was obtained from Ciletuh Geopark in Sukabumi,
West Java. Standard γ-oryzanol was purchased from Sigma-Aldrich
(St. Louis, MO, USA). HPLC-grade methanol, acetonitrile, and
isopropanol were obtained from Merck (Darmstadt, Germany). Kojic
acid, mushroom tyrosinase EC 1.14.18.1, and L-tyrosine were
obtained from Sigma-Aldrich.
The black rice bran was extracted via maceration for three days
using 96% ethanol in a 1:4 (w/v) ratio. After extraction, the mixture
was evaporated in a water bath at 80 °C for 24 h to obtain a slimy

mixture. The extract was tested for water residue by a distillation
method.
γ-oryzanol was isolated and quantified using high-performance liquid
chromatography (HPLC), The standard and extract, each of 20 µl, were
injected into the HPLC system (Shimadzu Corp., Kyoto, Japan) equipped
with an Inertsil ODS-3 column (5 µm, 250 mm × 4.6 mm) obtained from
GL Sciences (CA, USA). A 50: 40: 10 mixture of methanol: acetonitrile:
isopropanol was used as the mobile phase under isocratic conditions.
The UV detector wavelength was set to 327 nm, and the flow rate was set
to 1 ml/min. Each sample was injected in triplicate [19].
The γ-oryzanol standard calibration curve is shown in fig. 2. HPLC
chromatograms for the 30-ppm γ-oryzanol standard and 600-ppm
ethanolic rice bran extract are shown in fig. 3. The extract contained
four of the main components of γ-oryzanol identified by Lerma–
García et al. [20]. The 24-methylene cycloartenol ferulate (2) peak
had the largest area compared with the other peaks; Its antioxidant
activity has been reported to be higher than those of cycloartenol
ferulate (1), campesteryl ferulate (3), and sitosterol ferulate (4) [21].

Fig. 2: γ Oryzanol standard calibration curve

Fig. 3: HPLC chromatograms for (a) the 30-ppm γ-oryzanol standard and (b) 600-ppm black rice bran extract. The 24-methylene cycloartenol
ferulate (2) peak had the largest area compared with the other peaks and it was considered to be the highestThis compound has been
reported to have higher antioxidant activity than (1) cycloartenol ferulate, (3) campesteryl ferulate, and (4) sitosterol ferulate [20]
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The HPLC chromatogram of the γ-oryzanol standard showed four
major constituents (fig. 3a): cycloartenol ferulate (28.27%), 24methylene cycloartenol ferulate (38.10%), campesteryl ferulate
(23.46%), and sitosterol ferulate (10.15%).
The four γ-oryzanol components identified in the ethanolic black
rice bran extract (fig. 3b) were cycloartenyl ferulate (26.78%), 24methylene cycloartenyl ferulate (37.78%), campesterol ferulate
(22.24%), and sitosteryl ferulate (13.18%). The results obtained in
this study were consistent with those obtained by Goufo et al. (2014)
[22]. The contributions of these components to the total γ-oryzanol
content in that study were 19%−26% (cycloartenol ferulate),
34%−44% (24-methylene cycloartenyl ferulate), 15%−23%
(campesteryl ferulate), and 7%−17% (sitosteryl ferulate).
γ-oryzanol in the ethanolic black rice bran extract was quantified
using the standard calibration curve (fig. 2). The regression equation
was y= ax+b. (y). After the concentration of γ-oryzanol (x) in the
extract was determined, the γ-oryzanol content in the dry sample
was measured using the formula mentioned below.
Content (mg/g) = [x(mg/ml) x sample volume (ml)] / sample weight (g)
Based on the aforementioned equations, the γ-oryzanol content in
the dry black rice bran was found to be 118.572 mg/g. This was
higher than the γ-oryzanol content found in a previous study by
Huang and Lai [15], who reported γ-oryzanol concentrations in
black rice bran range from 3.95 to 7.72 mg/g dry matter. However,
our result was lower than that reported by Mingyai, Kettawan,
Srikaeo, and Singanusong [16]. They reported a γ-oryzanol
concentration of 281.95 mg/g in Hom-nin black rice bran oil via
solvent extraction 12 h using hexane in a 1:3 (w/v) ratio. This
concentration is higher than that reported by Huang and Lai [15]
might have been because of the extraction method. They performed
extraction and fractionation gradually using 80% ethanol and 95%

ethanol solutions to obtain a dry powder. However, Mingyai,
Kettawan, Srikaeo, and Singanusong [16] performed a conventional
extraction and reported a higher γ-oryzanol concentration.
Imsanguan et al. [23] reported that ethanol was a better solvent for
γ-oryzanol extraction than hexane owing to the relatively high
polarity of the γ-oryzanol molecules; in such cases, the polarity of
the solvent may significantly affect the extractability of the γoryzanol. Furthermore, rice varieties differ depending on the
growing location, altitude, cultivar, and farming technique; these
differences cannot be ignored during the production of high-quality
natural products.
The tyrosinase inhibition activity of the rice bran ethanol extract
was determined using a microplate reader. Approximately 40 μL of
the enzyme (31 units/ml) and 40 μL of the extract were added to a
96-well microplate containing 40 μL of 10-µM L-tyrosine and 80 μL
of a 0.1-M buffer solution (pH 6.8) [24]. γ-oryzanol standards were
prepared at concentrations of 20–130. The mixtures were shaken for
60 s and incubated for 30 min at 37 °C. Then, absorbance was
measured at 490 nm using a microplate reader. The result was
compared with kojic acid. Tyrosinase inhibition activity by the rice
bran ethanol extract was calculated using the equation mentioned
below and reported as percent inhibition.
% Inhibition = [(A − B) − (C − D)]/(A − B) × 100.
Where A is the absorbance of the enzyme without sample, B is the
absorbance without enzyme and sample, C is the absorbance of
enzyme and sample, and D is the absorbance of a sample without
enzyme. The result was reported in terms of IC50, which was the
concentration of the inhibitor required to restrict the activity of the
enzyme to half under the test conditions.
The inhibitory activities of the black rice bran extract and using kojic
acid as a positive control against tyrosinase are shown in fig. 4.

Fig. 4: Tyrosinase inhibition by kojic acid (a) and black rice bran ethanol extract (b)
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Inhibitor strength is usually expressed in terms of the IC50 value,
which is the concentration of an inhibitor needed to restrict
enzymatic activity to half under the test conditions [26]. IC50 of the
rice bran ethanol extract was 74.8%, which was higher than that of
kojic acid (14.7%). γ-oryzanol in the black rice bran extract contains
ferulic acid, which is a phenolic acid antioxidant [19]. Other phenolic
compounds in black rice bran that act as antioxidants include
flavonoids and anthocyanins [22]. These phenolics have high
affinities for the enzyme and prevent dopachrome formation.
However, they are weaker inhibitors than kojic acid, which chelates
copper at the active site of the enzyme [25]. However, we could
conclude that black rice bran ethanol extract has potential as a
tyrosinase inhibitor [26].
Current study shows that the ethanolic extract of black rice bran
(Oryza sativa L. Indica) contains rich γ-oryzanol via HPLC
chromatogram analysis and has inhibitory activities against
tyrosinase. Further, black rice bran ethanolic extract is the potential
to be formulated in skin lightening cosmetic products.
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