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Abstract – Rice bran oil (RBO) is valued for its bioactive compounds, which are beneficials for food and
health. The oil characteristics from pigmented rice brans, such as red and black, are still limitedly explored.
This study investigates RBO extracted from white (WRB), red (RRB), and black (BRB) rice brans using
modified three-phase partitioning (TPP). The highest rice bran oil yield is observed at 2 hours of extraction
for all rice brans, demonstrating the best oxidative stability. All rice bran oils had linoleic acid as the
dominant fatty acid. The advantage of rice bran oil is the presence of bioactive compounds, including
phenolics, flavonoids, phytosterols, tocotrienols, and g-oryzanol. Black rice bran oil had the highest
phenolics, anthocyanins, g-oryzanol, and tocotrienols, contributing to its highest oxidative stability. The
highest phytosterols level was found in red rice bran oil. Meanwhile, white rice bran oil had the superiority
due to the highest flavonoid content. This study provides some insights about characteristics of pigmented
rice bran oils for future applications.
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Highlights

* Modified three-phase partitioning is suitable for
extracting rice bran oil as a part of consecutive rice
bran macro components separation.

* Rice bran with different colors reveals different oil
characteristics.

* Black rice bran oil exhibits the highest oxidative

stability, contributed by phenolics, anthocyanins,
g-oryzanol, and tocotrienols.
1 Introduction

Rice bran is the by-product of rice milling and polishing,
which consists of pericarp, aleurone, and sub-aleurone
(Sapwarobol et al., 2021). The brown outer layer of the rice
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grain is rice bran, consisting of carbohydrates, lipids, fiber,
protein, oryzanols, unsaturated fatty acids, and phenolic
compounds. The high nutritional value and bioactive com-
pounds of rice bran are currently gaining attention for obtaining
health benefits such as treatment against cancer, diabetes, and
inflammation (Manzooret al., 2023). The abundance of rice bran
is a challenge to explore for its added value. TheUSDepartment
of Agriculture (USDA) projected that global rice production
reached 503.6 million tons in 2022–2023 (Nidhishree et al.,
2024), at least 78.9 million tons of rice bran are being produced
(Morales-Ramos et al., 2020).

Rice bran oil (RBO) is a constituent of rice bran produced
commercially and available in the market for several purposes,
such as cooking oil. This oil is unique due to its unique fatty
acid composition, and contains g-oryzanol and vitamin E
(Punia et al., 2021). About 15-22% of oil can be found in rice
bran (Balachandran et al., 2008). The biggest RBO production
is from India and China, followed by Japan and Thailand. RBO
total production can reach more than 1.2 million tons, and the
trend is expected to increase over the years ahead. In general,
RBO contains around 22% saturated fatty acids, 43%
monounsaturated fatty acids, and 35% polyunsaturated fatty
acids (Lai et al., 2019).
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Saturated fatty acids are found to be high in RBO, around
18.4–25.5% (Lai et al., 2019). As an edible oil, a higher
percentage of saturated fatty acids can be a drawback as it
affects blood cholesterol levels. On the contrary, RBO has a
lowering cholesterol function. This property is affected by
unsaponifiable compounds, such as gamma-oryzanol, tocoph-
erol, and tocotrienol, compared to its fatty acid composition
(Pal and Pratap, 2017; Ali et al., 2023).

The components of rice bran are candidates for valuable
food ingredients. Separation of oil, protein, starch, and fiber,
both soluble and insoluble, from rice bran by a simultaneous
preparation will produce potential ingredients efficiently. One
method has been explored to obtain all rice bran components is
three-phase partitioning (TPP) (Wang et al., 2020). TPP is a
method for the separation and purification of biomolecules,
where the partitioning into three phases depends mainly on the
concentration of alcohol and salt used (Chew et al., 2018). The
study of Wang et al. (2020) revealed the optimal conditions to
obtain rice bran oil (RBO), rice bran protein (RBP), and rice
bran polysaccharides (RBPS) was ammonium sulphate
concentration of 28%, slurry to t-butanol ratio of 1:1.1
(v/v), extraction temperature of 40 °C, pH 5.10, and extraction
time 1 h, which yielded RBP, RBO, and RBPS of 6.81%,
17.28%, and 2.09%, respectively.

Pigmented rice is gaining popularity due to its higher
bioactive compounds, health benefits, and biological activities
(Bhat et al., 2020), leading to increased production of
pigmented rice bran. RBO from pigmented rice bran is
supposed to possess superiority due to more bioactive
compounds. Modified TPP enables simultaneous extraction
and separation of rice bran components, including RBO, RBP,
rice bran starch, rice bran fiber, and the pigment from
pigmented rice brans in one process. This method uses
multiple organic solvents in one step of extraction to obtain a
three-phase extract that consists of the upper phase (organic
solvents and oil), middle phase (water, protein, soluble dietary
fiber, pigments), and lower phase (starch and insoluble dietary
fiber).

This study examines a modified TPP to isolate rice bran oil
(RBO) from red and black rice, in comparison to white rice
bran. Typically, the TPP method utilizes t-butanol combined
with ammonium sulfate ((NH4)2SO4), resulting in a top layer
rich in oil and a precipitate containing proteins (Chew et al.,
2018; Liu et al., 2019; Wang et al., 2020). However, n-hexane,
being significantly more nonpolar than t-butanol, dissolves
neutral triglycerides more efficiently, where conventional
hexane extraction generally recovers over 95% oil (Peng et al.,
2021). In contrast, the partial polarity of t-butanol limits lipid
solvation. Furthermore, (NH4)2SO4 creates a strong “salting-
out” effect on proteins, starch, and fiber, which aids in protein
purification but is unnecessary when the goal is solely oil
extraction. By omitting the salt and using only water and
n-hexane, the process is streamlined into two phases: hexane
rapidly captures nearly all the oil in the organic layer, while
proteins and insoluble solids remain in the aqueous phase. This
modification simplifies the recovery process and improves oil
yield, which is the primary goal when extracting rice bran oil,
compared to traditional TPP methods that focus on native
protein partitioning.

The RBO from pigmented rice bran is still limitedly
studied for its physicochemical characteristics, methods of
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extraction, and the occurrence of bioactive compounds. This
study aimed to apply modified TPP to separate oil from white,
red, and black rice bran and characterize the extracted oil,
including physicochemical properties, oxidative stability, and
bioactive compounds. Modified TPP was performed in this
study as part of a series of major constituents of rice bran
separation to firstly separate oil in the upper layer, protein,
pigments, and soluble dietary fiber in the middle layer, and
starch and insoluble dietary fiber in the bottom layer.
Therefore, modification with the use of hexane for oil
extraction and not using ammonium sulfate to precipitate
protein aimed to obtain all components of the rice bran in one
series of separations. The difference with traditional solvent
extraction was that in the modified TPP, the RBO was mixed
with water and solvent in the ratio of 1:1 (v/v). The drawbacks
of solvent extraction are that it is performed in high
temperatures, and the residual can not be used for other rice
bran macro component separation

2 Materials and methods

2.1 Materials

Commercial non-glutinous white, red, and black rice bran
was obtained from rice milling at Ngawi (white and black rice
bran) and Salatiga (black rice bran) Regency, Indonesia, which
was sold offline and online. These milling units function as
rentals, processing various paddy types provided by farmers.
Therefore, the specific rice cultivars examined in this study are
not defined and reflect typical regional landraces or mixed
cultivars frequently cultivated in these region, and the bran is
sold commercially. Therefore we used the term of commercial
rice bran to represent this conditions. Rice brans were sieved
through a 100-mesh sieve, sealed, and stored �20 °C before
analysis. No stabilization steps were done for samples
preparation. Chemicals used for analysis are hexane (technical
grade), methanol, iron (II), ammonium thiocyanate, n-hexane,
acetic acid glacial, NaOH, phenolphthalein, Folin-Ciocalteu,
sodium carbonate, BF3-methanol, etc. The abovementioned
reagents were analytical grade, unless stated otherwise.

2.2 Modified TPP to separate RBO

Modified TPP was done by mixing 20 g of rice bran with
100ml distilled water and 100ml hexane for 1, 1.5, and 2 hours
at 40 °C and 600 rpm, then centrifuged at 6000 rpm for 10min
(Wang et al., 2020 with modifications). The extraction was
performed only once. The upper phase was pooled, and the
hexane was evaporated using a rotary evaporator for 5min at
40 °C. The yields were recorded, and the RBO was transferred
into a dark glass bottle and stored at around �20 °C. The
treatments were performed in three replications.

The extracted oil from each 20 g sample of rice bran, which
typically yielded between 1 and 2.8 g of oil (representing a 5–
14% yield), was promptly weighed and placed into 2ml amber
glass vials with caps to reduce light and oxygen exposure.
Multiple replicates were performed for each extraction to
ensure enough pooled oil for all analyses. After pooling, the oil
was gently shaken to homogenize and then divided into
separate vials assigned for different time points in the oxidative
stability test. The peroxide value, p-anisidine value, and total
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oxidation (TOTOX) value were determined at intervals of 0, 7,
14, 21, and 28 days. The highest yield and oxidative stability
determined the best extraction time. The oil obtained from the
best extraction time was then analyzed for its color, free fatty
acid content, acid value, total phenolics, flavonoids, antho-
cyanins content, fatty acid profile, gamma-oryzanol, phytos-
terols, and vitamin E. The extraction at the best time was
conducted with three repetitions.

2.3 Oxidative stability analysis

The oil was stored in a dark bottle with tightly capped and
placed in an incubator at 60 °C, and the oxidation rate was
measured by peroxide (Mehta et al., 2015), p-anisidine
(Deepika et al., 2014 with modifications), and total oxidation
value (Matthäus, 2010) for 28 days. The accelerated oxidative
stability analysis was conducted at a temperature of 60 °C, and
sampling was performed every 7 days, starting from day 0.
Heating for 28 days was sufficient to describe the oxidative
stability of RBO. The extraction produced the highest yield for
each rice bran, which was determined as the best extraction
time, and the oil was subjected to physicochemical and
oxidative stability analysis.

2.4 Color analysis

Color analysis (Khan et al., 2009) of RBO from the best
extraction time, using a color reader Konica Minolta CR-10
(Tokyo, Japan), which includes L, a, b, C, and h.

2.5 Free fatty acid (FFA) and acid value (AV) analysis

FFA and acid AV were analyzed in RBO from the best
extraction time, using the method from Franklin et al. (2020).

2.6 Total phenolics, flavonoids, and anthocyanins
content

The analysis was conducted for the RBO of the white, red,
and black rice bran from the best extraction time. TPC was
determined using the Folin-Ciocalteu method (Sharma et al.,
2011), TFC was determined using a modified method
(Marinova et al., 2005), and TAC was determined using the
pH differential method (Wrolstad and Giusti, 2001).

2.7 Fatty acid profile analysis

Fatty acid profile analysis was conducted for the RBO of
the white, red, and black rice bran from the best extraction
time. RBO was esterified by the in situ transesterification
method (Park and Goins, 1994) to FAME (fatty acid methyl
ester). The fatty acid composition was analyzed using a GC
Agilent Technologies 7890B (USA) equipped with a flame
ionization detector (FID). The amount of 1ml of samples was
injected into the GC apparatus. The analytical column was an
HP-88 (USA) (100m� 0.3mm� 0.2mm film thickness) from
Agilent, Inc. The column oven temperature started at 100 °C
with a 5min hold time, then 240 °C at 4 °C/min and hold for
15min, with the total running time of 55min. The analysis was
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done by split injection at a 10 to 1 ratio. Helium (He) and
nitrogen (N­­2) were the carrier and makeup gas, respectively.
The temperature of the injector and detector was kept at
260 °C. Comparisons between standards and sample retention
times were made to determine the samples’ FAME. FAME
standards containing 37 fatty acid mixtures were obtained from
Supelco, Inc.

2.8 Analysis of gamma-oryzanol, phytosterols, and
tocols

Bioactive compounds were analyzed for the RBO of the
white, red, and black rice bran from the best extraction time.

2.8.1 Sample preparation

Sample preparation of RBO was performed following the
method of Mo et al. (2013) method with slight modifications.
Briefly, 60mg RBO was mixed with 2ml ethanolic KOH 2M
and heated at 80 °C for 60 mins. Then, 2ml of deionized water
and 3ml of n-hexane were mixed thoroughly and centrifuged
to obtain the upper layer. The extraction process was repeated
twice more. The evaporation was then carried out with
nitrogen gas, and the residue was reconstituted in 2mL of
ethanol. The samples were then filtered with a 0.45mm filter
paper and stored in �20 °C, waiting for HPLC analysis.

2.8.2 Analysis of gamma-oryzanol

The gamma-oryzanol was measured using HPLC Shi-
madzu LC 20AT (Japan) with SPD-40/40V detector (Japan)
and Shim-pack VP ODS 5mm 150� 4.6mm column
(Japan). The column temperature was set to 40 °C using
isocratic mobile phase (methanol:acetonitrile:isopropanol,
50%:40%:10%) with 1ml/min flow rate and 20ml injection
volume at 327 nm absorbance. The total runtime was 25min.
The gamma-oryzanol component consists of the total peak area
of cycloartenyl ferulate, 24-methylene cycloartenyl ferulate,
campesteryl ferulate, and sitosteryl ferulate compared to the
gamma-oryzanol standard series (0–0.5mg/ml).

2.8.3 Analysis of phytosterols

The analysis was done in reference to Khatoon et al. (2010)
with modifications. Around 20ml samples were injected into
the HPLC Shimadzu LC-20AD (Japan) with a column from
Shim-pack VP-ODS 250mm� 4.6mm (Japan). The detector
was a UV/VIS SPD-20A (Japan) with 206 nm absorbance. An
isocratic mobile phase of methanol/bidistilled water (99:1, v/v)
with a 0.5ml/min flow rate was applied. Phytosterols were
determined using campesterol, stigmasterol, and b-sitosterol
standards by comparing their area under the curve. Campes-
terol, stigmasterol, and b-sitosterol retention times were
around 31, 32, and 34 mins, respectively.
2.8.4 Analysis of vitamin E

The analysis was following Pokkanta et al. (2019) with
modifications. About 20ml was injected into the HPLC
Shimadzu LC-20AD (Japan) (the column type was the same as
stated before). The detector used was UV/VIS SPD-20A
f 13



Table 1. Oil yield and recovery of white, red, and black rice brans based on extraction time

Extraction time (hours) Oil yield (%) Oil recovery (%)

White rice bran Red rice bran Black rice bran White rice bran Red rice bran Black rice bran

1.0 5.38 ± 0.58b 8.06 ± 1.39a 12.84 ± 0.94a 47.31 ± 5.05b 52.50 ± 9.05a 74.72 ± 5.46a

1.5 5.99 ± 0.12ab 8.81 ± 0.12a 13.79 ± 0.43a 52.62 ± 1.00ab 57.37 ± 0.78a 80.38 ± 2.51a
2.0 6.83 ± 0.08a 9.73 ± 1.13a 14.00 ± 0.31a 60.04 ± 0.68a 63.34 ± 7.33a 81.65 ± 1.81a

Data are expressed as the mean ± SD of three replicates. Means with different letters in columns for each measurement are significantly different
at p < 0.05.
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(Japan) with 295 nm absorbance. Methanol/bidistilled water
(95:5, v/v) was applied as the isocratic mobile phase with a
0.5ml/min flow rate. The determination of vitamin Ewas using
a-tocopherol and b-, d-, g-tocotrienols standards by compar-
ing their area under the curve. The retention times of
a-tocopherol and b-, d-, g-tocotrienols were around 74, 36, 30,
and 37 mins.

2.9 Statistical analysis

Data were analyzed using Minitab 20. The Kolmogorov–
Smirnov test checked the normality of the data. One-way
ANOVA was performed to identify significant differences
among the three rice bran oils. Tukey’s post-hoc test for
multiple comparisons using the value of p< 0.05. The data are
the results of three or two repetitions and are expressed as the
mean ± SD.

3 Results

3.1 Yield, recovery, and oxidative stability of RBO
using modified TPP extraction method

Table 1 provides oil yield and recovery data across
extraction time and rice bran types. The oil yields from white,
red, and black rice bran vary significantly with extraction time
(1, 1.5, and 2 h). The highest yield is observed at 2 h of
extraction time for all types of rice bran. BRB possesses the
highest yield at 14.00%, followed by RRB (9.73%) and WRB
(6.83%). The rice bran used in this study, as raw materials,
have the fat content of 11.38% forWRB, 15.36% for RRB, and
17.15% for BRB to count oil recovery using modified TPP. The
highest recovery was found in BRB, reached 81%, while the
WRB produced the lowest oil recovery. The results are
statistically different (p < 0.05).

Figure 1 displays the oxidative stability of RBO from
different rice brans and extraction times during storage.
Among three RBOs on day 0 of 2 hours of extraction time,
white RBO shows the highest PV of 15.94 mEq O2/kg,
followed by red RBO (14.47 mEq O2/kg) and black RBO
(13.55 mEq O2/kg). RBO must meet the Codex standard for
Named Vegetable Oils (CODEX STAN 210-1999) with a
maximum peroxide value of 15 mEq/kg for cold-pressed or
virgin oils. White RBO shows levels slightly higher than the
Codex Stan maximum. All RBOs are unrefined crude oils.
Therefore, a series of refining processes will reduce the PV,
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such as bleaching and deodorization. Mingyai et al. (2017)
found refined RBO from pigmented bran had a PV of 0.77–
2.24mEq/kg, below Codex thresholds. Similarly, the PV
slightly above 15 supports reports of quick deterioration in un-
stabilized rice bran; without enzyme inactivation, endogenous
lipases hydrolyze triglycerides to FFA and promote oxidation.

The trend for all RBO is similar, as it is increasing until day
21 and is decreasing until day 28. This curve is typical of PV
during storage (Matthäus, 2010). The highest PV value for
each white, black, and red RBO is 45.13, 39.76, and 40.45mEq
O2/kg on day 21, respectively. Like the PV, white RBO has the
highest p-AnVon day 0 of 2 hours of extraction, with a level of
5.50, followed by red RBO (4.13) and black RBO (4.02).
Differing with PV, the increasing trend of p-AnV in RBO is
consistent throughout storage time. The increase of t p-AnV is
sharp on day 28, where the value ranges from 24-28 among rice
bran types.

Furthermore, because PVand p-AnValone do not describe
the whole oil quality, total oxidation (TOTOX) combines PV
and p-AnV to determine more comprehensive oil quality. The
TOTOX value of black RBO is the lowest (on day 0 of 2 hours
of extraction) with the level of 31.12, followed by red RBO
(33.08) and white RBO (37.38). The value keeps increasing
with the highest TOTOX value on day 28, ranging from 99-112
among rice bran types. It was concluded that the best extraction
time based on oil yield was 2 hours.

3.2 RBO color value

Color values of RBOs are shown in Table 2, and the
appearance of RBO from the best extraction time is shown in
Figure 2. The color value of RBOs extracted fromWRB, RRB,
and BRB shows distinct differences. As shown in Figure 2, the
visual appearance of the RBO differs among rice bran types.
These visual differences align with the colorimetric data.
White RBO has the highest lightness value (L= 42.3), which
indicates that it is the lightest in color, while black RBO has the
lowest L value of 26.9. A similar trend is also observed in
chroma value (C). White RBO has the highest C of 28.6, and
BRB has the lowest C of 3.9, indicating more vibrant
coloration of white RBO. The hue angle (h) also differs, with
red RBO having the highest value of 68.5, which indicates a
more yellowish color, while black RBO exhibits a dark reddish
color from an h angle of 19.3. The differences (p < 0.05) in
color could be attributed to the pigment content and the profiles
of different types of rice bran.
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Fig. 1. Peroxide, p-anisidine, and TOTOX value of rice bran oil from white (WRB), red (RRB), and black (BRB) rice bran obtained by 1-, 1.5-,
and 2-hours of extraction. (x-axis labels consists of rice bran type abbreviations and the number represents days of incubation. Bars indicate
standard deviations (n= 3). PV: peroxide value; p-AnV: p-anisidine value; TOTOX: total oxidation; mEq: milliequivalent; WRB: white rice
bran; RRB: red rice bran; BRB: black rice bran).

Page 5 of 13

Miftahurrahmi et al.: OCL 2025, 32, 23



Table 2. Color value of white, red, and black rice bran oils from 2 hours of extraction

Color value Rice bran

White Red Black

L (lightness) 42.3 ± 0.6a 33.5 ± 0.5b 26.9 ± 0.1c
a (greenness to redness) þ9.7 ± 0.3a þ4.8 ± 0.1b þ3.7 ± 0.1c
b (blueness to yellowness) þ26.9 ± 1.0a þ12.4 ± 0.3b þ1.1 ± 0.1c
C (chroma) 28.6 ± 0.8a 13.3 ± 0.2b 3.9 ± 0.1c
h (hue) 63.3 ± 0.6b 68.5 ± 0.6a 19.3 ± 0.5c

Fig. 2. Rice bran oil appearance obtained from white (a), red (b), and black (c) rice bran from two hours of extraction.
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3.3 Free fatty acid and acid value

Figure 3 exhibits the data for free fatty acid (FFA) and acid
value (AV) of RBOs from 2 hours of extraction time. These
parameters are indicators of hydrolytic rancidity. Black RBO
has the highest FFA content of 7.08%, followed by red RBO
(6.52%) and white RBO (3.78%). The AV indicates a similar
trend to the FFA value. The AV obtained is 7.52, 12.97, and
14.09mg NaOH/g for white, red, and black RBOs, respec-
tively. These findings suggest that black RBO may have more
hydrolytic degradation. The higher FFA content in black and
red RBOs indicates that these oils are probably more prone to
hydrolysis.

3.4 Total phenolics, flavonoids, and anthocyanins
content

Figure 4 displays the total phenolics (TPC), flavonoids
(TFC), and anthocyanins content (TAC) of RBOs. RBO with
the highest TPC and TAC belonged to the black RBO,
followed by red and white RBOs. Although WRB oil has the
lowest TPC, it significantly (p < 0.05) has the highest TFC,
and the lowest is black RBO. Two of the colored RBOs have
anthocyanins, while these compounds are not detected in white
RBOs. Black RBO has more anthocyanins than the red one.
3.5 Fatty acid profile of RBO

The fatty acid profile of RBO from white, red, and black
rice bran is shown in Table 3. The fatty acid profile shows that
all RBOs contain saturated and unsaturated fatty acids, with
significant differences among rice bran types (p < 0.05).
Palmitate is the only detected saturated fatty acid in all
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samples, with the highest of 39.66% in black RBO, while white
RBO has the lowest (37.87%). RBO from different colors of
rice bran has higher unsaturated fatty acids, with the
predominant being linoleic acid. White RBO has higher
linoleic acid (38.83%) than black RBO (35.32%). Different
fatty acid profiles of RBO with different rice bran colors will
affect the physicochemical properties of the oils, such as the
propensity to oxidation, density, melting points, and others.
3.6 Gamma-oryzanol, phytosterols, and tocols
content of RBO

Table 4 displays the concentrations of g-oryzanol
comprising cycloartenyl ferulate, oryzanol C (24-methylene
cycloartanyl ferulate), camperteryl ferulate, and sitosteryl
ferulate. The phytosterols consist of campesterol, stigmasterol,
and b-sitosterol. Meanwhile, vitamin E comprises of
a-tocopherol, b-, d-, and g-tocotrienol.

All RBOs containg-oryzanol with the highest is found in the
red RBO. According to Xu and Godber (1999), three major
g-oryzanol from crude RBO were 24-methylenecycloartanyl
ferulate, cycloartenyl ferulate, and campesteryl ferulate. Table 4
shows BRB oil has the highest g-oryzanol and the lowest is the
oil fromWRB.OryzanolC (24-methylene cycloartanyl ferulate)
is the predominant g-oryzanol in all RBO samples.

Phytosterols are also detected in all RBOs, and red RBO
shows the highest phytosterols, with a total phytosterol
concentration almost twice that found in white RBO, which
has the lowest phytosterol level. Campesterol, stigmasterol,
and b-sitosterol are found in all RBOs, but the high variability
of each phytosterol concentration among RBOs from different
rice bran colors. The concentration of phytosterols is higher
than that of g-oryzanol and tocotrienols.
f 13
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acid; AV: acid value; WRB: white rice bran; RRB: red rice bran; BRB:
black rice bran).
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Rice bran is well-known as the source of vitamin E, mainly
tocotrienols (Ahsan et al., 2015). Table 4 shows that no
tocopherol is detected in all RBOs, and some tocotrienols are
found. The concentration of total tocotrienols is 82.25 ± 5.71,
17.73 ± 0.39, and 257.32 ± 19.51mg/100 g in white, red, and
black RBOs, respectively. b- and d tocotrienol are found in all
RBOs, while g-tocotrienol is only found in RBO from WRB.
Black RBO has the highest tocotrienol,s and the lowest is RBO
from RRB. The concentration of d-tocotrienol is much higher
than that of b-tocotrienol in all RBOs samples.

4 Discussion

4.1 Yield, recovery, and oxidative stability

The increasing extraction time increases oil yield, although
BRB slightly increases between 1.5 and 2 hours of extraction.
Oliveira et al. (2012) exhibited an oil yield of 8.56 to 20.05%
from white rice bran with varying ethanol extraction
experimental conditions. Wongwaiwech et al. (2023) showed
the oil yields of 4.2 to 26.0% for the white rice bran and 5.4 to
20.8% for the red rice bran extracted by three green
technologies. The rice varieties, rice bran particle size, and
Page 7 o
extracting solvents affected the yield of oil extraction. The
solvents for extraction were n-hexane, petroleum ether, and
chloroform, for 120min using a Soxhlet extractor. Chloroform
with rice bran particle size of 150mm resulted in the highest oil
yield (Ajali and Emembolu, 2024).

At the same time, RBO extraction using the modified TPP
method is more efficient for BRB than WRB and RRB. The oil
recovery for BRB can reach 81%, while BRB and RRB only
reached around 60-63%, indicating modified TPP’s effective-
ness in obtaining BRB oil. The extraction time is one of the
determinants of RBO yield. Wang et al. (2020) revealed that
there was no need to extend extraction time more than 1 h, as it
did not significantly improve the yield of RBO. The findings in
this research display different phenomena. The longer
extraction time, more than 1.5 h, shows a significant increase
in RBO yield from WRB. The difference in the results
compared to the previous study can be attributed to several
factors, such as the type of solvent, temperature, and the use of
ammonium sulphate salt.

Commercially, rice bran oil is extracted with hexane
(Garofalo et al., 2021). Other alternative organic solvents for
extraction have been evaluated by Ribas et al. (2023), and the
results showed that the highest oil yield was found in ethanol
solvent extraction (24.45%), followed by ethyl acetate
(22.39%), and n-hexane (19.92%). The extraction was carried
out at a boiling solvent temperature for 4 h at a rice bran to
solvent ratio of 5:150 (w/v). Improvement of rice bran oil yield
was performed by pretreatment of fermentation before hexane
extraction with Saccharomyces cerevisiae with the yield of
24.15% and Aspergillus niger with the yield of 14.20%
(Yunardi et al., 2020). The oil yield from this study was much
lower than that reported by Ribas et al. (2023). The modified
TPP extraction may not have been carried out under optimum
conditions because this extraction was first used for rice bran
oil, and our focus was not yet on optimizing the oil yield. This
study is an initial study as part of our consecutive studies to
separate macro constituents from rice bran with different
colors.

Figure 1 shows the pattern of oxidation products
generation which is similar for all rice bran types. PV
increases to the 21-day storage and decreases on day 28.
Meanwhile, the p-AnV increases slowly to day 21 and sharply
increases at day 28. PV is an indicator of primary oxidation
products that are easily decomposed into secondary oxidation
products. The decrease in PV was accompanied by an increase
in p-AnVas an indicator of secondary oxidation products from
peroxide degradation. Perhaps on day 28, no more primary
oxidation products were produced, and peroxide decomposi-
tion began to occur, resulting in a decrease in PV and an
increase in p-AnV. This phenomenon was also explained by
Kumari et al. (2014), who found that PV increased up to
15 days of fish oil emulsion storage and then decreased. The
study by Rahmania et al. (2020) exhibited the fragmentation of
lipid peroxide during thermal oxidation.

Increasing extraction time also increases the oxidative
stability of all RBOs (Fig. 1). Longer extraction time
presumably enhances the extractability of bioactive com-
pounds from rice bran. Tocotrienols are potent antioxidants
that scavenge free radicals by donating their phenolic
hydrogen (Mendonça et al., 2022). g-Oryzanol is the most
potent antioxidant in rice bran, acting as a scavenger for free
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Fig. 4. Total phenolics (TPC) (A), flavonoids (TFC) (B), and
anthocyanins (TAS) (C) content of rice bran oil from white, red, and
black rice bran from two hours of extraction. (Bars indicate standard
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radical (Rungratanawanich et al., 2020). Phytosterols also
exhibit antioxidant activity (Mohamad et al., 2019), by
inhibiting the generation of various radicals such as hydro-
peroxides (El Omari et al., 2024). Increasing PV and p-AnV
during storagemight also relate to the degradation of antioxidant
compounds in RBOs. Rattanathanan et al. (2022) reported a
decrease in antioxidant contents of rice bran during storage,
following zero- and first-order reaction kinetics.

RBO from BRB shows the best oxidative stability,
followed by RRB oil. The lowest oxidative stability is RBO
from white rice bran. Vargas et al. (2018) reported that ferulic
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acid was the most dominant phenolic compound in black and
red rice bran, and black rice bran also contains anthocyanins.
The study ofWongwaiwech et al. (2023) showed that crude red
RBO had higher total phytosterols than white RBO. All those
compounds are potent antioxidants that prolong the oxidative
stability of pigmented RBOs. Accordingly, Table 4 shows that
the lowest antioxidant compounds comprising g-oryzanol,
tocotrienols, and phytosterols are white RBO. The oxidative
stability of black RBO is better than that of red RBO, although
red RBO has the highest g-oryzanol, a typical strong
antioxidant of rice bran (Lisnawati et al., 2022) and much
higher phytosterol levels, which also contribute to antioxidant
activity. However, black RBO contains higher phenolics and
anthocyanins, which also have a role as antioxidants. Possibly,
synergism occurs in black RBO to have the best oxidative
stability among RBO from different rice bran.

4.2 Color value

The color of RBOs is one parameter affecting human/
consumer acceptance (Lakshmi, 2014). White RBO has the
lightest appearance, which is also proved by the L value of
42.3, meanwhile, black RBO has the lowest lightness value.
Although red and black RBOs seem to have a similar
appearance (Fig. 2). However, red RBO is more yellowish than
black RBO, which is a purplish-red color. The color of black
RBO is supported by the anthocyanins content (Fig. 4),
especially from cyanidin 3-glucoside (Sompong et al., 2011),
which has a bright red color (Han and Xu, 2015). High
flavonoids of white RBO contribute to the yellowish color that
also in accordance to the data of yellowness (þb). The C value
of this RBO indicates the deep yellow color. Meanwhile, the
red RBO has higher lightness than that of the black one, due to
lower phenolics, flavonoids, and anthocyanins (Figure 4). The
depth of black RBO is lower than that of the red one, indicating
that the color of black RBO is brighter due to the bright red
color of cyanidin 3-glucoside. Based on the hue value, all
RBOs indicate the color in quadrant 1 of the chromaticity
diagram, with black RBO tending to be near quadrant IV,
indicating reddish and purplish colors. The two other RBOs
have hue values that tend to be yellowish for the white RBO
and reddish for the red RBO.
4.3 Free fatty acid and acid value

Free fatty acid (FFA) and acid value (AV) are parameters
for describing the hydrolytic state of the RBOs. The hydrolysis
might occur because the presence of sufficient water and the
residual native lipase activity from rice bran, indicated by high
free fatty acid and acid value, exceeds the maximum level of
acid value based on the Codex Standard of 0.5mg KOH/g.
This fatty acid can be removed by refining steps, mainly in
neutralization or deodorization. Higher FFA and AV are
observed in black and red RBOs than in white RBO (p< 0.05),
although Rattanathanan et al. (2022) reported a higher lipase
activity in white rice bran than in black one. Li et al. (2023)
revealed that flavonoids, depending on their structure, can
inhibit lipase activity. White RBO has the highest flavonoids,
thus it might reduce the lipase hydrolytic activity in the white
RBO, producing lower FFA and AV.
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Table 3. Fatty acid profile of the oils from white, red, and black rice brans from two hours of extraction

Classification Fatty Acid Relative area (%)

White RB Red RB Black RB

Saturated fatty acid Butyric acid (C4:0) <0.1 <0.1 <0.1

Hexanoic acid (C6:0) <0.1 <0.1 <0.1
Octanoic acid (C8:0) <0.1 <0.1 <0.1
Decanoic acid (C10:0) <0.1 <0.1 <0.1
Lauric acid (C12:0) <0.1 <0.1 <0.1
Myristic acid (C14:0) <0.1 <0.1 <0.1
Palmitic acid (C16:0) 37.87 ± 0.06b 37.10 ± 0.01c 39.66 ± 0.01a
Stearic acid (C18:0) <0.1 <0.1 <0.1
Arachidic acid (C20:0) <0.1 <0.1 <0.1
Docosanoic acid (C22:0) <0.1 <0.1 <0.1
Lignoceric acid (C24:0) <0.1 <0.1 <0.1
Total saturated fatty acids 37.87 ± 0.06b 37.10 ± 0.01c 39.66 ± 0.01a

Unsaturated fatty acid Myristoleic acid (C14:1v-5) <0.1 <0.1 <0.1
Palmitoleic acid (C16:1v-9) 1.98 ± 0.01 <0.1 <0.1
Cis-9-oleic acid (C18:1v-9) 19.46 ± 0.04b 20.02 ± 0.07a 20.05 ± 0.01a
Linoleic acid (C18:2v-6) 38.81 ± 0.00b 41.06 ± 0.01a 35.32 ± 0.01c
a-Linolenic acid 1.90 ± 0.09b 1.82 ± 0.08b 2.53 ± 0.03a
cis-11-eicosenoate <0.1 <0.1 <0.1
g-Linolenic acid <0.1 <0.1 <0.1
cis-11,14-eicosadienoate (C20:2v-6) <0.1 <0.1 <0.1
cis-8,11,14-eicosatrienoic (C20:3v-6) <0.1 <0.1 <0.1
cis-11,14,17-eicosatrienoate <0.1 <0.1 <0.1
Methyl erucate <0.1 <0.1 <0.1
cis-5,8,11,14-eicosatetraenoic (C20:3v-6) <0.1 <0.1 <0.1
cis-13,16-docosadienoic (C22:2v-6) <0.1 <0.1 <0.1
cis-5,8,11,14,17-eicosapentaenoate (C20:5v-3) <0.1 <0.1 <0.1
Nervonic acid (C24:1v-9) <0.1 <0.1 <0.1
cis-4,7,10,13,16,19-docosahexanoate (C22:6v-3) <0.1 <0.1 <0.1
Total unsaturated fatty acids 62.15 ± 0.15b 62.90 ± 0.16a 57.90 ± 0.05c

Data are expressed as the mean ± SD of two replicates. Means with different letters in rows for each measurement are significantly different at p
< 0.05. (RB=Rice Bran).

Miftahurrahmi et al.: OCL 2025, 32, 23
The FFA andAVin this study are in the range of 3.78-7.08%
and7.52-14.09mgNaOH/g, respectively.According toMingyai
etal. (2017),whichextractedRBOfromThaipaddy, theFFAwas
found in the lower concentration of 2-6%, while AV was in the
range of 4-12mg NaOH/g using three extraction methods,
including cold-press, solvent, and supercritical CO2 extractions.
A studybyRattanathanan et al. (2022) showed that raw rice bran
has high lipase activity, leading to antioxidant loss during
storage, while stabilized bran suppresses lipase and preserves
antioxidants content. The extractionwithmodifiedTPP involves
mixing with water, which increases the susceptibility to
oxidation. The extraction methods affect the degree of RBO
hydrolysis (Punia et al., 2021). No pretreatment to inactivate
lipase also plays a role in the high FFA and AV.

4.4 Total phenolics, flavonoids, and anthocyanins
content

The phytochemical concentration of RBOs is represented
by total phenolics (TPC), flavonoids (TFC), and anthocyanins
content (TAC). The TPC content of RBOs ranged from 4.90 to
5.96mg GAE/g. On the other hand, TFC and TAC ranged from
1.75 to 3.40mgQE/g and 2.30-4.19mg cyanidin 3 glucoside/g,
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respectively. Pigmented RBOs have higher TPC than non-
colored RBOs (Fig. 4). Meanwhile, the highest TFC is
observed in white RBO. Bani et al. (2024) revealed that
pigmented rice had higher TPC and higher antioxidant activity.

The TPC from this study is lower than that reported by
Mingyai et al. (2017) ranging from 6 to10mg GAE/g oil,
which might be affected by the extraction methods, rice
varieties, paddy growing conditions, environment, and others.
The pigmented RBOs contain higher phytochemical concen-
trations than those of white RBO. Bopitiya and Madhujith
(2015) reported that methanolic extracts of colored rice bran,
especially red rice bran, contain higher TPC than white rice
bran, with the value of 2.63mg GAE/g extract. Meanwhile,
Junyusen et al. (2022) reported the TPC and TFC concen-
trations ranged from 3.79 to 6.57mg GAE/g and 0.35 to
1.95mg CE/g, respectively, depending on the extraction
methods.

In contrast, WRB exhibited an unusually high total
flavonoid content (TFC) of 340mg QE/100 g, surpassing that
of RRB and BRB oils. This unusual finding is likely due to the
specific composition of WRB, which contains non-colored
flavonoids such as flavonols and flavones in abundance.
Notably, published studies on white rice bran have revealed
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Table 4. Bioactive compound of the oils from white, red, and black rice brans from two hours of extraction

Classes Compounds Rice bran

White Red Black

g-oryzanol (mg/100 g) Cycloartenyl ferulate 98.30 ± 0.22c 133.50 ± 0.21b 170.54 ± 0.56a
Oryzanol C (24-methylene
cycloartanyl ferulate)

249.03 ± 1.15c 310.94 ± 0.99b 352.46 ± 1.36a

Campesteryl ferulate 97.13 ± 0.86c 119.88 ± 0.92b 138.02 ± 0.21a
Sitosteryl ferulate 29.62 ± 0.65c 57.61 ± 0.78b 69.83 ± 1.19a
Total g-oryzanol 474.08 ± 2.87c 621.93 ± 2.90b 730.85 ± 2.10a

Phytosterols (mg/100 g) Campesterol 270.81 ± 36.11b 751.93 ± 14.45a 658.40 ± 57.15a
Stigmasterol 368.28 ± 42.20a 79.75 ± 5.69c 162.98 ± 14.07b
b-Sitosterol 91.67 ± 14.10c 509.44 ± 5.57a 157.61 ± 11.38b
Total phytosterols 730.76 ± 92.41c 1433.19 ± 25.71a 978.99 ± 82.60b

Tocols (mg/100 g) a-Tocopherol n.d n.d n.d
b-Tocotrienol 22.41 ± 1.80a 1.86 ± 0.10a 4.86 ± 0.24a
d-Tocotrienol 46.82 ± 2.21b 15.87 ± 0.29b 252.46 ± 19.27a
g-Tocotrienol 13.02 ± 1.70 n.d n.d
Total tocotrienols 82.25 ± 5.71b 17.73 ± 0.39c 257.32 ± 19.51a
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considerable amounts of flavonols like rutin (quercetin-3-
rutinoside), various quercetin derivatives, and myricetin, along
with flavones including kaempferol glycosides and the
methylated flavone tricin (Andriani et al., 2022; Chen et al.,
2022). Tricin, a flavone unique to bran, constitutes the majority
of flavonoids found in rice bran (Poulev et al., 2019). These
colorless flavonoids produce a strong reaction in the AlCl3-
based flavonoid assay (quantified as quercetin equivalents),
indicating that a WRB rich in quercetin, kaempferol, and tricin
can easily result in a very high TFC.

Black and red RBOs have considerable amounts of
anthocyanins, but no anthocyanins are detected in white RBO.
Anthocyanins contribute generously to the color of rice bran
and their corresponding RBO. Chen et al. (2024) explained
that the anthocyanin composition of rice bran depends on the
type of colored rice. However, there is a typical anthocyanin,
such as cyanidin 3-glucoside, in the red, purple, and black rice
brans. It seems that only part of the anthocyanins are soluble in
the RBO, since the polarity of the anthocyanin compound
might vary, depending on their structures. Some anthocyanins
exhibit lower polarity and higher hydrophobicity (Sang et al.,
2018), that might dissolve in RBO.

4.5 Fatty acid profile

In all RBOs, unsaturated fatty acids are higher than
saturated ones, which only comprise palmitate (Tab. 3).
Wisetkomolmat et al. (2022) reported the predominant
palmitic acid in the various varieties of rice bran. Other
saturated fatty acids found are C14:0-C24:0, with a much
lower concentration than palmitate. This study only detected
one saturated fatty acid, palmitate. Unsaturated fatty acids are
dominated by linoleic acid; others are palmitooleate, oleate,
and a-linolenate. Wisetkomolmat et al. (2022) and Amrinola
et al. (2022) indicated that the predominant unsaturated fatty
acid is oleate, followed by linoleate. Pigmented RBOs have
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lower unsaturated fatty acids than those of white RBO. This
means that pigmented rice is slightly more stable to oxidation
due to higher saturated fatty acids, besides the presence of
antioxidant compounds.

4.6 Gamma-oryzanol, phytosterols, and vitamin E
content

All bioactive compounds analyzed are found in unsapo-
nifiable matters of RBO and fat-soluble properties. Table 4
shows the concentration of g-oryzanol is 474=730mg/100 g,
phytosterols of 730-1433mg/100 g, and tocotrienols are
17-257mg/100 g. In comparison, Sawadikiat and Hongsprab-
has (2014) reported that crude RBO had 1362–1376mg/100 g
phytosterol per 100 g, 1599–1666mg/100 g g-oryzanol.

Table 4 shows that four compounds of g-oryzanol are
detected in all RBO samples, in which three compounds
(cycloartenyl ferulate, 24-methylene cycloartanyl ferulate,
campesteryl ferulate) are the major typical of rice bran, with a
significant antioxidant activity (Xu and Godber, 2001).
g-Oryzanol is composed mainly of esters of trans-ferulic acid
with phytosterols and triterpenic alcohols (Lerma-García et al.,
2009). In this study, two compounds are esterified with
sitosterol and campesterol, and two compounds are bound to
triterpenic alcohol.

The major g-oryzanol in all RBOs is oryzanol C (24-
methylene cycloartanyl ferulate) (Tab. 4), with the highest
concentration found in black RBO and the lowest in white
RBO. This compound had more vigorous anti-inflammation
activity than cycloartenyl ferulate on the mice ear edema (Liu
et al., 2013). Meanwhile, cycloartenyl ferulate, a second major
g-oryzanol in all RBOs, is an anti-allergic agent (Oka et al.,
2010). The two phytosterol ferulate compounds might have
hypolipidemic activity (He et al., 2024). The higher presence of
g-oryzanol compounds in pigmented RBO, mainly black RBO,
with the highest concentration, makes the pigmented RBOs
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healthier. These compounds also improve RBO oxidative and
vitamin E stability due to heat treatment (Ali et al., 2023).

The concentration of phytosterols in all RBOs is higher
than that of g-oryzanol and tocotrienols. The highest level is
observed in red RBO, and the lowest is in white. Among
phytosterols, campesterol is the most abundant in pigmented
RBOs; meanwhile, in the white RBO, the predominant is
stigmasterol. Campesterol, stigmasterol, and b-sitosterol
concentrations ranged between 270–658, 79–368, and 91–
509mg/100 g, respectively. Phytosterols of crude and refined
RBO were 848–1034mg/100 g and 1362–1376mg/100 g,
respectively (Sawadikiat and Hongsprabhas, 2014), and
878–1143mg/100 g (Mingyai et al., 2018). Wongwaiwech
et al. (2023) reported that hexane extracted red RBO had
higher content of various phytosterols than white RBO, with
the levels of campesterol, stigmasterol, and b-sitosterol being
180, 240, and 736mg/100 g, respectively. Meanwhile, hexane
extracted white RBO had 72mg/100 g campesterol, 132mg/
100 g stigmasterol, and 371mg/100 g b-sitosterol. Factors
affecting phytosterol levels in RBO were rice varieties, paddy
growing conditions, environment, cultivation system, and
extraction (Chew and Teng, 2023).

The vitamin E family comprises four tocotrienols (a, b, d,
g) and tocopherols (a, b, d, g) (Jiang, 2014). Tocotrienols have
superior anti-inflammatory and antioxidant properties over
a-tocopherol (Peh et al., 2016). Table 4 shows that not all
tocopherols and tocotrienols are detected in RBO samples. b-
and d-tocotrienols range from 1 to 22 and 15 to 252mg/100 g,
respectively, with total tocotrienols ranging from
17-257mg/100 g. g-Tocotrienol is only found in white
RBO with a level of 13.02mg/100 g. Tian et al. (2024)
summarized the tocotrienol concentrations in RBO, in which
g-tocotrienol was 10.7-78.3mg/100 g, and d-tocotrienol was
0.5-3.86mg/100 g. This study shows higher tocotrienol levels
than those previously reported. The black RBO has the highest
tocotrienol level,while the redRBOhas the lowest. Tocotrienols
contribute to the oxidative stability of RBO, in which the black
RBO is the highest, and the lowest is the white RBO. The red
RBO has the lowest tocotrienol level, but this oil contains high
phytosterols and moderately g-oryzanol that also contribute to
inhibiting lipid oxidation.

5 Conclusions

This study highlights a modified TPPmethod for extracting
RBO oil fromwhite, red, and black rice bran, as a simultaneous
method to separate macro components of rice bran. The RBO
oxidative stability is affected by the presence of antioxidant
bioactive compounds, with black RBO being the highest. The
color of RBOs is affected by the bioactive compounds, mainly
anthocyanins and flavonoids. RBO reveals high hydrolytic
products, free fatty acids, with significant concentrations in
pigmented RBOs. Dominated unsaturated fatty acids in RBOs
lead to oxidation susceptibility, with the highest found in white
RBO. Lower bioactive compounds and higher unsaturated
fatty acids make white RBO the most susceptible to oxidation.
Phytosterols, g-oryzanol, and tocotrienols, besides phenolics,
flavonoids, and anthocyanins, contribute to the oxidative
stability and color of RBOs. This study provides insight into
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the superiority of pigmented RBOs over non-colored RBOs for
food and health purposes and as food ingredients.
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