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Abstract

Rice bran samples from dough and mature grain stages of rice were stabilized by heating in a
hot air oven at 70°C for 3h (or moisture <5.0%). Unstabilized and stabilized rice bran samples
were subsequently pressed for oil extraction using a screw press machine. The y-oryzanol,
physicochemical, and antioxidant properties of both the unstabilized and stabilized rice bran oil
(RBO) were determined. The fat content of fresh rice bran (unstabilized) from dough stage (19.19
%w.b.) was higher than that of the mature stage (13.22 %w.b.). Unstabilized RBO from mature
stage (URBO-MS) had the lowest L* (35.70) and the highest a* (4.28) values. The y-oryzanol
content detected by UV-Vis spectophotometer was not significantly different among URBO-MS,
stabilized RBO from the dough stage (SRBO-DS), and crude commercial RBO (CRBO). While
the y-oryzanol content of SRBO-DS detected by reversed-phase HPLC with diode array detector
(DAD) was the highest, with a value of 1.00 g/100 g oil. The DPPH scavenging activity of SRBO-
DS was the highest while that of CRBO was the lowest. The ABTS radical scavenging activity of
unstabilized RBO from the dough stage (URBO-DS), SRBO-DS, and URBO-MS were not
significantly different and were higher than that of stabilized RBO from the mature stage (SRBO-
MS) and CRBO. The peroxide and free fatty acid (FFA) contents of SRBO-DS were the lowest
with values of 1.19 meg/kg and 4.84% (as oleic acid), respectively. This finding suggests that
stabalizing rice bran at the dough stage can increase the color values (as L* and b* values), y-
oryzanol, and DPPH scavenging activity, and decrease peroxide and FFA values of RBO. Thus,
stabilized RBO from the dough stage grain may be a functional food with antioxidant activity.
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1. Introduction

Rice (Oryza sativa L.), an important food crop globally, is the main crop in Thailand. It is a
good source of vitamins, minerals, dietary fiber, proteins, fats, carbohydrate, and
antioxidants (Andriani et al., 2022; Preecharram et al., 2023), and is a primary part of the
diet of people in Thailand and many other countries in Asia. The USDA estimates Thailand
rice production was 19.5 million metric tons on a milled basis in the market year 2021-2022
(USDA Foreign Agricultural Services, 2021). Khao Dawk Mali 105 rice, known
internationally as Thai jasmine rice, is the most famous exported Thai rice (Kukusamude
& Kongsri, 2018). This strain is grown in the Thung Kula Rong Hai region, which includes
five provinces of Thailand's northeastern region: Surin, Yasothon, Roi-Et, Sisaket, and
Mahasarakham (Kukusamude & Kongsri, 2018). The Community Enterprise Banmao
Career Promotion Group Limited Partnership (CEBCPGLP) has 72 members and is
located at Suwannaphum district, Roi-Et province in the Thung Kula Ronghai region. Most
of the members are farmers who cultivate Khao Dawk Mali 105 rice. The CEBCPGLP
produces and sells Khao Dawk Mali 105 rice from both the dough and mature grains
stages. Dough and mature grains of the CEBCPGLP were collected on day 20-30 and 80-
90 after heading, respectively. Brown rice from the dough grain stage of the CEBCPGLP
contained high nutrient values, which were 7.11% protein, 2.93% fat, 1.30% ash, 2.89
dietary fiber, and 73.70% carbohydrate. In addition, the rice had in omega 3 (a-linolenic
acid) and omega 6 (linoleic acid) contents of 35.07 mg/100 g and 828.24 mg/100 g,
respectively. Therefore, the polishing process of brown rice into white rice from dough
stage grain could produce rice bran with high nutrient values. Anually, approximately
200,000 kg of organic Khao Dawk Mali 105 rice is produced from the CEBCPGLP. This
can yield approximately 20,000 kg of rice bran per year. However, rice bran is used only
as low-value animal feed. Therefore, attempts should be made to increase marketability of
rice bran from the dough grains.

Rice bran is a co-product obtained from the outer layer of the brown rice kernel
during the milling process and accounts for approximately 8-10% of the rice kernel. It is
rich in oil content, which ranges between 8.7-25% depending on the milling process, the
region of origin, and the rice variety (Lerma-Garcia et al., 2009; Liao et al., 2020). Due to
its high oil content, it can be used as a raw material for oil extraction in the rice bran oil
(RBO) industry. RBO is popular because it contains many healthy components such as, y-
oryzanol, tocopherols, tocotrienols, phytosterols, and monounsaturated fatty acids
(Bumrungpert et al., 2019; Endo & Aso, 2019). The y-oryzanol in RBO could increase
antioxidant activity in hyperlipidemic subjects and decrease LDL-C levels. Therefore, the
consumption of RBO with y-oryzanol may reduce cardiovascular disease risk factors
(Bumrungpert et al., 2019).

However, one problem with rice bran is the presence of lipolytic enzymes
(especially lipases) which hydrolyze triglycerides into free fatty acids (FFA) and cause
rancidity in the RBO. After milling process, the oil is exposed to the lipases, which break
down lipid triglycerides into FFA at a rate of 5-7% of the oil's weight every day (Gopinger
et al., 2019). To prevent the formation of FFA and rancidity in cold-pressed RBO, rice bran
is pressed within 24 h after rice polishing (Duangsi & Krongyut, 2023). However, it is not
practical to separate the oil immediately after milling in small and large-scale of rice
processing due to the limitations of distance and transportation of bran to the factory
(Thanonkaew et al., 2012). Therefore, the stabilization process of rice bran is needed to
overcome this problem and improve the quality and shelf life of rice bran as well as the
RBO by decreasing peroxidase, lipases, lipoxygenase, and auto-oxidation enzymatic
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activities (Lavanya et al., 2019). Recently, various stabilization processes have been
applied to inhibit lipases in rice bran including heat treatments (hot air drying, steaming,
toasting, roasting, and autoclaving) (Amarasinghe et al.,, 2009; llias et al., 2020;
Thanonkaew et al., 2012), microwave heating (Lavanya et al., 2019), ohmic heating, and
ultra-superheated stream (Moreno et al., 2021), extrusion (Guevara-Guerrero et al., 2019;
Rashid et al., 2023), hot air-assisted radio frequency heating (Liao et al., 2020), and
infrared radiation heating (Irakli et al., 2018). Among them, heat treatment is the most
common method used to stabilize rice bran due to the fact that it is a more economical
method. In addition, it is suitable for small scale industry and the CEBCPGLP. Therefore,
in this work, heat treatment in the form of hot air heating was selected to stabilize rice bran
before oil separation.

Generally, the two most common methods for extracting RBO from rice bran are
solvent extraction and mechanical pressing. Hexane is the most widely used solvent in
conventional method for commercial extraction due to its good availability, high oil
extractability, and the ease of usage (Punia et al., 2021). However, the use of hexane has
some drawbacks due to its toxicity, flammability, and the need for a high temperature
(Balachandran et al., 2008). In addition, the use of hexane can have negative effects on oll
quality such as higher contents of FFA, wax, and other undesirable products in the oil (Rigo
et al., 2014). Mechanical pressing (cold pressing) is cheaper and less labor intensive than
solvent extraction (Sayasoonthorn et al., 2012). Additionally, cold pressing requires no heat
or chemical treatments, making it an appealing alternative to consumers who value natural
and safe products (Uquiche et al., 2008). Furthermore, cold pressing is an easy process to
maintain and does not require much energy. Thus, it is a suitable method for small and
medium scale size RBO factories (Thanonkaew et al., 2012).

Therefore, the objectives of this work were to study the effects of stabilization (by
hot air heating) of rice bran on y-oryzanol content, peroxide value, FFA content,
physicochemical, and antioxidant properties. The experimental RBO samples were derived
from the dough and mature grain stages of organic jasmine rice.

2. Materials and Methods

Rice bran samples from the dough and mature grain stages of organic Jasmine rice were
obtained from the Community Enterprise Banmao Career Promotion Group Limited
Partnership (Suwannaphum, Roi Et, Thailand). The dough and mature grains were at days
20-30 and 80-90 after heading, respectively. Crude commercial rice bran oil (CRBO) was
purchased from Roidham (Bangkok, Thailand). y-Oryzanol was purchased from Toronto
Research Chemicals Inc (Toronto, ON, Canada). 2, 2’-Azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) was purchased from Biochemika (Buchs, Switzerland). DPPH (2,2-
diphenyl-1-picryl-hydrazyl-hydrate) and 8-tetramethylchroman-2-carboxylic acid (Trolox)
were purchased from Sigma-Aldrich Company Ltd. (St. Louis, MO, USA). Other chemicals
and reagents used were of analytical grade.

2.1 Proximate composition analysis

The proximate compositions of the fresh rice bran samples (unstabilized) from the dough
and mature stages of rice were determined according to the method of AOAC (2000).
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2.2 Rice bran stabilization

In preliminary study, rice bran samples from dough and mature stage grains were stabilized
by both heating in hot air oven (70°C for 3 h) or by steaming (100°C for 3 h, followed by
heating in hot air oven at 60°C for 4 h). However, the steaming process produced an
undesirable lowering of the oil extraction yield when compared to unstabilized and
stabilized rice bran heated in a hot air oven. Therefore, in this work, only heat treatment by
a hot air oven was used to stabilize rice bran. In brief, 10 kg of rice bran powder from the
dough and mature grain stages were put in trays. The samples were then stabilized by
heating in a hot air oven (Memmert, UF110, Germany) at 70°C for 3 h or until the moisture
content was below 5.0%. Next, the samples were cooled down to room temperature, after
which they were placed into polyethylene bags and kept at -20°C until the oil extraction
was performed.

2.3 Rice bran oil separation by screw press

Ten kilograms of unstabilized and stabilized rice bran from the dough and mature stages
were pressed for RBO separation using a screw press machine (Model FEA-200A) at
Energy Friend Ltd., Part, Thailand. The screw press had a 7.5 hp motor and ran at 380 V
with a screw speed of 103.18 rpm. Fine particles in the crude rice bran oil were separated
by using double layers of filter cloth and then the oil was centrifuged at 8,000 rpm for 5 min.
The extracted oil samples were designated as follows: URBO-DS, oil from unstabilized rice
bran of dough stage grain; SRBO-DS, oil from stabilized rice bran from dough stage grain;
URBO-MS, oil from unstabilized rice bran from mature stage grain; and SRBO-MS, oil from
stabilized rice bran from mature stage grain . The extracted oil samples were put in glass
bottle and kept at 4°C in the dark for further experiments.

2.4 Color values measurement

The color values of RBO samples (URBO-DS, SRBO-DS, URBO-MS, SRBO-MS, and
CRBO) were measured in terms of CIE L*, a*, b* values using a color measurement device
(Hunter Lab, Color flex 4510, USA), where L*, a*, and b* are lightness, redness, and
yellowness, respectively.

2.5 y-Oryzanol analysis
2.5.1 UV-Vis spectophotometry

The y-oryzanol contents in RBO samples (URBO-DS, SRBO-DS, URBO-MS, SRBO-MS,
CRBO) were determined according to the method described by Lilitchan et al. (2008), with
slight modifications. In brief, 100 yL of RBO samples were diluted with 100 mL of
isopropanol at concentration of 0.10% (v/v). The absorbance was meastured at 314 nm
using a UV-Vis spectophotometer (Thermo Fisher, Scientific Genesys 10 UV scanning,
USA). A stock standard y-oryzanol (0.10 mg/mL) was prepared by mixing 10 mg of y-
oryzanol with 10 mL of isopropanol. A standard curve for y-oryzanol was prepared in a
concentration range of 0.0025-0.050 mg/mL. The y-oryzanol content in RBO was
calculated against the standard curve and expressed as mg/mL oil.
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2.5.2 Reversed-phase high-performance liquid chromatography (RP-HPLC)

The y-oryzanol contents in RBO samples were analyzed by reversed-phase HPLC with
diode array detector (DAD) (Agilent 1100, HPLC system, USA). The RBO samples were
filtered through a 0.45 uM syringe filter and then 20 pL of samples were injected to PFP
HPLC column (4.6 x 250 mm, 5 um). The initial mobile phase contained the mixure of 45%
acetonitrile, 45% methanol, 5% isopropanol, and 5% of aqueous acetic acid (1%) which
were used for the separation investigations, with a flow rate of 0.8 mL/min for 6 min. The
mobile phase was changed to a linear gradient of acetonitrile: methanol: isopropanol at
the ratio of 25:70:5 (v/v/v) over the next 10 min and then kept constant for 12 min before
returning to the initial conditions. The y-oryzanol were detected by the Diode array detector
at 325 nm. Finally, the y-oryzanol contents in RBO were calculated against the standard
curve of pure y-oryzanol (Azrina et al., 2008; Chen & Bergman, 2005).

2.6 Antioxidant activity assays
2.6.1 DPPH radical scavenging activity

The DPPH radical scavenging activities of RBO samples were performed according to the
method described by Sanchez-Moreno et al. (1999), with some modifications. In brief, 50
pL of each diluted RBO sample at concentration of 20% (v/v) was mixed with 1950 pL of
40 mg/L DPPH in absolute ethanol. Then, the mixture was left at room temperature in the
dark for 30 min. The absorbance of each mixture was read by a UV-Vis spectophotometer
at 517 nm. Trolox solution at concentrations of 0.0-1.5 mM were used as standard. Abslute
ethanol was used as the blank. The DPPH radical scavenging activity of the samples was
calculated and expressed as mg Trolox equivalents (Eq.)/mL oil.

2.6.2 ABTS radical scavenging activity

The ABTS radical scavenging activities of RBO samples were performed according to the
method described by Khongla et al. (2022a), with some modifications. Briefly, 20 pL of
each diluted RBO samples at concentration of 5% (v/v) were mixed with 1980 pL of ABTS
working solution (initial Abs. of 0.70+0.02). Then, each mixture was left at room
temperature in the dark for 5 min. The absorbance of the mixture was read by a UV-Vis
spectophotometer at 734 nm. Trolox solution at concentrations of 0.0-2.5 mM were used
as standard. Abslute ethanol was used as the blank. The ABTS radical scavenging
activities of the samples were calculated and expressed as mg Trolox equivalents (Eq.)/mL
oil.

2.7 Peroxide value and free fatty acid (FFA) assays

The peroxide and FFA values of RBO were analyzed according to the method of AOAC
(1990). The FFA content was calculated as % of oleic acid.

2.8 Statistical analyses

All experiments were performed in triplicate, except for RP-HPLC. Statistical analyses were
carried out using a SPSS package. The results were analyzed using a one-way analysis
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of variance (ANOVA) at p < 0.05. Duncan's multiple range test (DMRT) was used to
determine significant mean differences at the 95% confidence level.

3. Results and Discussion

3.1 Proximate composition of rice bran

The proximate composition of the fresh rice bran from the dough and mature stage grains
is presented in Table 1. The fat content of rice bran from the dough stage was
19.19+0.91%, which was higher than rice bran from mature grains, which were
13.22+0.80%. Ranathunga et al. (2023) reported that crude fat in milky stage of rice grain
was the highest (3.8%, db), followed by bran from the dough (3.5%, db) and mature stages
(1.3%, db). In addition, Juliano & Tuafio (2019) reported that non-starch-bound lipids and
starch-bound lipids in rice grains increased until 12 days after flowering (DAF) and 20 DAF,
respectively. Rice bran is the brown outer layer of rice grain and is obtained from polishing
the rice down to the white starchy rice kernels. Therefore, in this study, the higher fat
content in dough grain stage of rice resulted in a higher fat content in rice bran derived
from the dough stage grain compared to rice bran from mature grain. Many researchers
reported that rice bran had oil levels of 11.42% (Putri & Sukanta, 2012), 17.87% (Faria et
al., 2012), 11.0-18.0% (Kumari et al., 2018), 16.32% (Pimpa et al., 2021), 12-22% (Devi et
al., 2021), 13.92-19.81% (Chatha et al., 2011), and 19.23% (Khongla et al., 2022b). Based
on our analysis of fat content, rice bran from immature rice (dough stage) appears to be a
promising new source of rice bran oil. Rice bran from mature grain contained higher
carbohydrate level (46.94%) than rice bran from dough stage (42.25%) (Table 1).
Ranathunga et al. (2023) also stated that the carbohydrate content of rice grain increased
with maturation because of a starch-filling process. Previous studies reported that rice bran
had carbohydrate at levels of 46.75% (Pimpa et al., 2021), 57.39% (Faria et al., 2012), 34-
62% (Kumari et al., 2018), and 46.51% (Khongla et al., 2022b). The moisture content of
rice bran from mature stage (12.99%) was higher than that from the dough stage (10.30%)
(Table 1). Previous studies reported that rice bran had moisture contents of 11.22% (Putri
& Sukanta, 2012), 14.56% (Thanonkaew et al., 2012), 10-15% (Devi et al., 2021), 7.65%
(Pimpa et al., 2021), 8.41% (Faria et al., 2012), and 12.70% (Khongla et al., 2022b). The
ash, protein, and fiber content were not significantly different between rice bran from the
dough and mature grain stages, which were 8.78-9.03% ash, 11.55-12.41% protein, and
6.27-7.08% fiber (Table 1). However, Ranathunga et al. (2023) reported that the protein,
fat, fiber, and ash contents of rice grain decreased with maturation. It was reported that
rice bran possessed 11-17% of protein, 6-14% of fiber and 8-17% of ash (Khongla et al.,
2022b). Wisetkomolmat et al. (2022) reported that 11 Thai rice bran varieties contained
6.19-10.27% of ash, 4.29-6.72% of fiber, and 12.04-15.20% of protein. Faria et al. (2012)
reported that rice bran contained 16.61% of protein and 8.13% of ash. Pimpa et al. (2021)
reported that rice bran contained 12.65% of protein, 6.38% of ash, and 6.38% of fiber.
While Khongla et al. (2022b) stated that protein and ash in rice bran were 12.63% and
8.93%, respectively. In our findings, the proximate compositions of rice bran from the
dough and mature stages were within the range of previous reports as mentioned above.
The chemical composition of rice bran depends on the variety, milling method, other
agroclimatic conditions, and the stage of rice grain. Moreover, the proximate analysis of
rice bran from the dough and mature grain in this work provides nutritional information for
further applications of rice bran in foods.
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Table 1. Proximate compositions of fresh (unstabilized) rice bran from the dough and
mature grain stages

Proximate Content (%wet basis)
Composition Dough Stage Mature Stage
Moisture 10.30£0.15P 12.99+0.182
Ash s 8.78+0.29 9.03+0.06
Fat 19.1940.912 13.22+0.80°
Protein s 12.4110.47 11.55+0.30
Fiberns 7.08+0.42 6.27+0.41
Carbohydrate 42.25+0.83P 46.94+0.252

Different superscripts within a row are significantly different (p<0.05) ; ns is not significantly
different (p=0.05).

3.2 Color values

Another important feature that determines the visual acceptability of rice bran oil is color
(Thanonkaew et al., 2012). The L*, a*, and b* values indicate the lightness, redness, and
yellowness of the sample, respectively. The highest L* value (41.17) was observed in crude
commercial rice bran oil (CRBO), followed by oil from stabilized rice bran of the dough
stage (SRBO-DS), oil from unstabilized rice bran of the dough stage (URBO-DS), oil from
stabilized rice bran of the maturity stage SRBO-MS, and oil from unstabilized rice bran of
the mature stage (URBO-MS) (Table 2). This indicated that CRBO had more lightness than
others. The a* value of CRBO was the lowest (2.12) while URBO-MS had the highest a*
value (4.28) (Table 2). It was observed that URBO-MS had darker color than the others.
SRBO-DS had the highest b* value (12.00) while URBO-MS had the lowest b* value (6.24).
These findings suggested that SRBO-DS had more yellowness than the others.
Stabilization of rice bran increased the L* and b* values, and decreased the a* value of
RBO when compared with the respective RBO from unstabilized samples. In generally, the
darked color of rice bran increases with increase in heating temperature and time of
stabilization because rice bran contains moderately high amounts of reducing sugars and
proteins that may induce Maillard reactions during heating (Velasquez & Villarino, 2021).
In our experiment, oil was separated from unstabilized and stabilized rice bran using a
screw press machine at a large scale (10 kg of rice bran). Thus, Maillard reactions may
occur during oil separation due to heat generated from frictional phenomena associated
with the screw and barrel. Yeo & Shibamoto (1991) reported that maximum browning
intensity occurred at approximately 14% moisture. Unstabilized rice bran derived from the
dough and mature grain stages contained moisture contents of 10.30+0.15% and
12.99+0.18%, respectively (Table 1). These comparatively higher moisture levels might
promote increased levels of Maillard reactions than stabilized rice bran (moisture content
< 5.0 %) during oil separation. This may also explain the lower L* and b* but higher a*
values in unstabilized RBO than that of stabilized RBO. Thanonkaew et al. (2012) reported
that the lightness value of RBO derived from rice bran stabilized by hot air was comparable
with unsabilized rice bran, but roasting and steaming reduced the lightness of RBO.
Besides, Duangsi & Krongyut (2023) suggested that RBO from infrared-stabilized rice bran
had darkened color at the beginning due to the immediate effects of IR heating on non-
enzymatic oxidation leading to the formation of colored pigments. However, the colored
pigments were further oxidized into colorless compounds, resulting in lightening of the color
as storage progressed (Duangsi & Krongyut, 2023). They also suggested that the RBO
extracted from unstabilized rice bran was lighter at the beginning but became darker during
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storage due to the lipid oxidation (Duangsi & Krongyut, 2023). The oxidation f oil or fat by
light, air, or heat produces free radicals which combine with oxygen to form yellow to brown
secondary products (Marei et al., 2017; Rodchuajeen et al., 2016). In our experiment,
unstabilized RBO might be oxidized by lipase during the oil separation with double layers
of filter cloth. This was indicated by the peroxide and FFA contents in unstabilized RBO
being higher than that of respective stabilized RBO (Table 2). It could also explain the
darkening of RBO derived from unstabilized rice bran being greater than that of stabilized
rice bran. This suggested that the stabilization of rice bran by heating at 70°C for 3h in a
hot air oven improved the lightness and yellowness of RBO.

When compared between grain stage, the RBO from dough stage had higher L*
and b* values but lower a* value than mature stage (Table 3). Jiamyangyuen et al. (2017)
reported that rice grain of different stages had different pigments or colors, and white rice
acquired a green color at dough stage. Thus, after rice polishing, the obtained rice bran
from the dough stage had a green-yellow color, while rice bran from the mature stage had
a brown color. Therefore, the observation in our study could explain why RBO derived from
the dough and mature grain stages were of different color.

Table 2. Peroxide values and free fatty acid of unstabilized and stabilized RBO of rice bran
from the dough and mature grain stages.

Rice Bran Oil Peroxide (meg/kg Free Fatty Acid (% as oleic
oil) acid)
URBO-DS 3.00£0.06°¢ 6.98+0.602
SRBO-DS 1.19+0.21¢ 4.84+0.37°
URBO-MS 10.49+0.182 7.4240.642
SRBO-MS 8.86+0.09° 5.12+0.18°
CRBO 2.14+0.134 7.66+0.662

Different superscripts within a column indicate significant differences (p<0.05).

Table 3. Color values of unstabilized and stabilized RBO from rice bran from dough and
mature stages of organic jasmine rice

Rice Bran Oil T CoI;r Value b
URBO-DS 37.58+0.60¢ 3.18+0.02¢ 8.05+0.12¢
SRBO-DS 40.18+0.23b 2.52+0.02d 12.00+0.152
URBO-MS 35.70+0.31¢ 4.28+0.012 6.24+0.18¢
SRBO-MS 36.38+0.244 3.94+0.02° 7.04+0.10d

CRBO 41.17+0.012 2.12+0.04¢ 10.23+0.01b

Different superscripts within a columen indicate significantly difféerences (p<0.05).

3.3 y-Oryzanol

y-Oryzanol levels detected in SRBO-DS, URBO-MS, and CRBO by UV-Vis
spectrophotometry were not significantly different, and were higher than URBO-DS and
SRBO-MS, respectively (Table 4). Stabilization of rice bran from dough stage could
improve y-oryzanol of rice bran oil (1.67%) when compared with the respective URBO-DS
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(1.40%). According to related research, y-oryzanol may increase after stabilization using
various methods, including autoclaving (121°C, 20 min), hot air (150°C, 10 min), roasting
(150°C, 10 min), steaming (130°C, 2 min), microwaving (800 W, 2450 mHz, 150°C, 3 min),
and steaming (130°C, 10 min) (Patil et al., 2016; Pranowo et al., 2023; Thanonkaew et al.,
2012). According to Yu et al. (2020), heating may cause an increase in y-oryzanol by
improving extractability of y-oryzanol. This could be the reason for the increase in y-
oryzanol of SRBO-DS after stabilization. However, stabilization of rice bran from mature
stage decreased y-oryzanol of SRBO-MS (1.31%) when compared with the respective
URBO-MS (1.61%) (Table 4). Additionally, Pranowo et al. (2023) found that a decrease in
y-oryzanol of rice bran oil was due to a prolonged stabilization period. The main reaction
that caused the degradation of y-oryzanol may be the oxidation of the compound by the oil
oxidation products generated during heat treatment (Khuwijitjaru et al., 2004). Furthermore,
several variables, including the weather, rice type, growing location, extraction technique,
solvent, and rice grain stage, affect the amount of y-oryzanol in rice bran (Kim et al., 2015;
Sangpradab et al., 2021). The chromatogram of y-oryzanol in crude RBO is presented in
Figure 1A-D. Three main peaks (1-3) and a small peak area (4) of y-oryzanol were detected
in RBO, with peak 2 being the highest. y-Oryzanol is a complex mixture of esters of ferulic
acid with sterols and triterpenic alcohols (Chen & Bergman, 2005). The three major
components of y-oryzanol in RBO were cycloartenyl ferulate, 24-methylenecycloartanyl
ferulate, and campesteryl ferulate (Chen & Bergman, 2005; Xu & Godber, 1999). Pestana
et al. (2008) reported that the predominant components of y-oryzanol in RBO were
cycloartenyl ferulate, 24-methylene cycloartenyl ferulate, aA’-campestenyl ferulate,
campesteryl ferulate, and A’-Sitostenyl ferulate. Also, the four main components of y-
oryzanol were 24-methylene cycloartanyl ferulate, cycloartenyl ferulate, pB-
sitosterylferulate, and campesteryl ferulate (Lerma-Garcia et al., 2009). The four main
components of y-oryzanol were cycloartenyl ferulate, 24-methylene cycloartanyl ferulate,
campestryl ferulate, and the mixtures of B—sitosteryl ferulate and cycloartanyl ferulate
(Azrina et al., 2008; Pattananandecha et al., 2019). Banchuen et al. (2010) also reported
that the 1st, 2nd, 31d and 4™ main peaks of y-oryzanol from Thail brown rice were cycloartenyl
ferulate, 24-methylene cycloartanyl ferulate, campesteryl ferulate, and sitosteryl ferulate,
respectively. Phan et al. (2021) reported that the 4 peaks of y-oryzanol in rice bran oil were
cycloartenyl ferulate, 24-methylene cycloartanyl ferulate, campesteryl ferulate, and (-
sitosteryl ferulate, respectively. Based on the literature and the order of elution, the three
major peaks (1-3) observed in our experiment might be cycloartenyl ferulate, 24-methylene
cycloartanyl ferulate, and campesteryl ferulate, respectively. In our study, y-oryzanol of
SRBO-MS detected by HPLC was the highest with a value of 1.00%, followed by URBO-

Table 4. y-Oryzanol values of unstabilized and stabilized RBO from rice bran from the
dough and mature grain stages as detected using UV-Vis spectrophotometer.

Rice Bran Qil y-Oryzanol (g/100 mL oil)
URBO-DS 1.40+0.04°
SRBO-DS 1.67+0.032
URBO-MS 1.61+0.022
SRBO-MS 1.31+0.05¢

CRBO 1.58+0.062

Different superscripts within a column indicate significant differences (p<0.05).
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B
-

Figure 1. Reversed-phase HPLC chromatogram for y-oryzanol determination. (A) Oil
from unstabilized rice bran of dough grain stage; (B) Oil from stabilized rice bran of dough
grain stage; (C) Oil from unstabilized rice bran of mature grain stage; (D) Oil from
stabilized rice bran of mature grain stage.

MS (0.94%), URBO-DS (0.90%), and SRBO-MS (0.87%), respectively (Table 5). These
results correlated well with the y-oryzanol results for RBO detected by UV-Vis
spectrophotometry where y-oryzanol in SRBO-DS was the highest. The y-oryzanol
contents in RBO ranged between 0.9-2.9% (Lerma-Garcia et al., 2009). The average y-
oryzanol content of 12 kinds of crude RBO as determined by the four methods were 1.75%
by the absorptiometry, 1.29% by the existing normal-phase HPLC, 1.51% by reversed-
phase HPLC, and 1.54% by novel reversed-phase HPLC method (Yoshie et al., 2009). The
y—oryzanol content detected in the crude RBO in this study was similar to those of previous
reports. The differences among y-oryzanol in crude RBO could be due to the differences
in stabilization and extraction methods (cold-press or solvent extraction), mature stage of
rice, cultivar, climate, genetic and environmental factors.

3.4 Antioxidant activity

Reactive oxygen species (ROS), or free radicals, can adversely affect food quality and
human health. Antioxidants can reduce oxidative processes in food systems as well as the
harmful effects of ROS in the human body (Gulcin, 2020). The DPPH method uses the in
vitro antioxidant activity of reducing substances based on electron and/or proton donors to
methanolic DPPH radical solution (Alam et al., 2013). The DPPH radical scavenging
activity of SRBO-DS was the highest (1.73 mg Trolox eq./mL oil), followed by URBO-MS
and URBO-DS, SRBO-MS, and CRBO (1.45 mg Trolox eq./mL oil), respectively (Table 6).
Stabilization of rice bran from the dough stage improved the DPPH radical scavenging
activity of RBO when compared with the respective URBO-DS. However, stabilization of
rice bran from the mature grain decreased the DPPH radical scavenging activity of RBO
when compared with the respective URBO-MS (Table 6). This result correlated with the y-
oryzanol content results. Because it contained more phenolic, flavonoid, and y-oryzanol
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Table 5. y-Oryzanol values of unstabilized and stabilized RBO from rice bran from dough
and mature grain stages detected by RP-HPLC.

Rice Bran Oil Peak Retention Area Area of y-Oryzanol
No. Time Components (Yow/w)
(min)

URBO-DS 1 15.238 3,074.3 17.79 0.90
2 16.539 11,400.7 65.96
3 17.993 2,403.2 13.90
4 19.940 406.7 2.35

SRBO-DS 1 15.304 3,466.8 17.90 1.00
2 16.598 12,773.1 65.94
3 18.071 2,687.9 13.88
4 20.038 442.8 2.29

URBO-MS 1 15.335 2,955.33 16.38 0.94
2 16.617 12,123.5 67.18
3 18.100 2,549.5 14.13
4 20.089 419.0 2.32

SRBO-MS 1 15.275 2,960.5 17.66 0.87
2 16.582 11,043.3 65.89
3 18.024 2,338.4 13.95
4 19.965 417.4 2.49

than unstabilized RBO, and hot air-stabilized RBO showed higher DPPH scavenging
activity (Thanonkaew et al., 2012). The DPPH radical scavenging activity of cold pressed
RBO from Oryza sativa L. Hom Mali Gorkho showed the most potent effect with 1Cso value
of 0.08 mg/mL (Settharaksa et al., 2014). Therefore, the higher DPPH radical scavening
activity of SRBO-MS could be due to its higher content of y-oryzanol.

The ABTS assay is based on the generation of blue/green ABTS™* that can be
reduced by antioxidants and is applicable to both hydrophilic and lipophilic antioxidant
systems (Floegel et al., 2011). The ABTS radical scavenging activity of unstabilized rice
bran oil from the dough stage (URBO-DS) was not significantly different to that of SRBO-
DS and URBO-MS, but it was higher than that of stabilized rice bran oil from the mature
stage (SRBO-MS) and CRBO (Table 6). This result did not correlate with y-oryzanol
contents, with URBO-DS showing lower y-oryzanol than SRBO-DS and URBO-MS. RBO
contains phytochemical compounds, such as a-tocopherol and y-oryzanol, which have
antioxidant activities and potential health benefits (Gopala Krishna et al., 2006). Sae-ang
et al. (2015) reported that the jasmine rice bran oil exhibited an ABTS"* radical inhibition of
approximately 28.77% at the level of 8 mg/mL due to the presence of y-oryzanol and a-
tocopherol in the oil. According to the literature, there were no correlations between y-
oryzanol content and antioxidant activities (DPPH and ABTS radical scavenging activities)
of URBO-DS might be attributed to the different quantities of other antioxidant substances
in RBO such as total phenolic compounds, flavonoids, and a-tocopherol (Gopala Krishna
et al., 2006; Sae-ang et al., 2015).
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Table 6. Antioxidant activity of unstabilized and stabilized RBO from rice bran from dough
and mature grain stages.

Antioxidant Activity (mg Trolox eq./mL oil)

Samples DPPH ABTS
URBO-DS 1.64%0.025 4.68+0.16%
SRBO-DS 1.73+0.03? 4.37+0.158
URBO-MS 1.65+0.04° 4.45+0.132
SRBO-MS 1.57+0.04¢ 4.14+0.36°
CRBO 1.45+0.04¢ 4.28+0.10°

Different superscripts within a column indicate significant differences (p<0.05).
3.5 Peroxide and free fatty acid values

The most important factor in RBO extraction is the process of stabilization of the rice bran
to inactivate the enzymatic activity of lipase. Insufficient or no stabilization would increase
the peroxide value (PV) and FFA content resulting in negative effect on RBO quality
(Thanonkaew et al., 2012). In our experiment, PV in SRBO-DS was the lowest (1.19+0.21
meg/kg oil), followed by CRBO, URBO-DS, SRBO-MS, and URBO-MS, respectively (Table
2). The FFA levels in SRBO-DS and SRBO-MS were not significantly different but were
lower than CRBO, URBO-DS, and URBO-MS. These results indicated that stabilization of
the dough and mature stage rice bran by hot air heating produced lower PVs and FFAs in
RBO when compared with the respective unstabilized RBO (Table 6). Our results
correlated with Thanonkaew et al. (2012) who reported that hot air heating may retard the
formation of FFA and PV compared to unstabilized RBO. The PV in unstabilized RBO
decreased from 18.85 meq/kg oil to 12.13+0.22 meg/kg oil and FFA decreased from 5.58%
to 3.51% after stabilization of bran (Thanonkaew et al., 2012). In addition, Amarasinghe et
al. (2009) suggested that hot air heating may reduce the lipolytic activity of rice bran,
resulting in lower FFAs compared to unstabilized rice bran. The CODEX standard suggests
a maximum PV value of 15 meq/kg oil for cold pressed oils (CODEX STAN 210, 1999).
According to Tan et al. (2023), RBO with too high a proportion of FFA (>10%) is not suitable
for human consumption. Our results indicated that the stabilized RBO from the dough and
mature stages had PVs of 1.19+£0.21 and 8.86+0.09 meqg/kg oil, respectively, which were
within the CODEX standards. In addition, the FFAs of SRBO-DS and SRBO-MS were
4.84% and 5.12%, respectively, which were less than 10%. Although the PV in unstabilized
RBO was within the CODEX standards and the FFA content less than 10%, it is still
unsuitable for human consumption due to increase in PV and FFA during storage. The PV
in unstabilized RBO increased rapidly from its initial value of 0.94 to 13.71 meqg/kg oil during
8 weeks of storage (Duangsi & Krongyut, 2023) and 0.99 to 12.49 meqg/kg during 16 weeks
of storage at 25°C (Pongrat & Songsermpong, 2019). The FFA in unstabilized RBO increased
rapidly from 4.37 to 28.61% during 8 weeks of storage (Duangsi & Krongyut, 2023) and
from 4.42% to 53.24% during 16 weeks of storage at 25°C (Pongrat & Songsermpong, 2019).
Therefore, rice bran stabilized by hot air heating may potentially be used to produce cold-
pressed RBO.

When considering rice grain stage, RBO from dough stage contained lower PV
than RBO from mature stage. However, FFA was not significantly different between URBO-
DS and URBO-MS or SRBO-DS and SRBO-MS (Table 2). The difference in the PV of RBO
derived from dough and mature stages may be due to differences in chemical compositions
and lipolytic enzymes in rice bran.
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4. Conclusions

Rice bran from dough grain stage was found to have more oil content than mature grain.
Stabilized RBO from dough grain stage had higher lightness, yellowness, y-oryzanol
content, and DPPH radical scavenging activities but lower redness, peroxide value, and
free fatty acid than RBO from unstabilized dough stage grain and RBO from stabilized
mature stage grain. In addition, we were able to decrease the peroxide values and free
fatty acid content of RBO by heating rice bran at 70°C for 3 h with hot air prior to RBO
extraction. From our findings, stabilized RBO from dough grain stage might be an
alternative functional food with antioxidant activity. For further work, the phytochemical
compounds and quality of the extracted RBO stored under different condition should be
studied.
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