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Abstract Rice bran is a potent byproduct of rice milling. Rice bran extract (RBE) has varied
antioxidant properties depending on extraction technique. However, solvent maceration with
hydrolysis pretreatment is rarely used to determine the RBE potency. This study aimed to determine
the appropriate pretreatment method and rice bran:solvent ratio to maximize the quality of RBE,
including yield, visual appearance, and antioxidant activity. Pretreatment was carried out with
hydrolysis at pH 1, 3, and 5 and compared with no hydrolysis. The best results from pretreatment
became the basis for maceration with various ethanol solvent:rice bran ratios (5:1; 6:1; 7:1). Yield,
visual appearance, and antioxidant activity are parameters that determine the RBE quality. This study
shows extract without hydrolysis had a clearer appearance and high DPPH scavenging activity
(70.77%). After maceration, the solvent:rice bran ratio of 7:1 produced the best quality, with a fairly
high yield (6.72%), a total phenolic content of 65.97 pg GAE/g RBE, and a higher DPPH
scavenging of 75.93%. In the ICsp measurement, the RBE activity was classified as very low at
68,700 pg/mL. These findings indicate that RBE has considerable potential in DPPH scavenging
but has a fairly low phenolic content resulting weak antioxidant activity.

Keywords rice bran, rice bran extract, maceration, antioxidant, pretreatment

1. Introduction

Rice is a widely produced agricultural commodity in the world. Data from Food and
Agriculture Organization (FAO) estimates that 500-757 million tons of rice are produced
worldwide (Baixinho et al., 2025; Chen et al., 2021). In several Asian countries, rice is a staple
food (Andriani et al., 2022), including Indonesia, one of the world's largest rice producers (Sahini
and Mutegoa, 2023). Rice is produced from milled rice. The initial stage of rice milling is rice
husk removal, followed by removing the bran layer to produce white rice (Tuncel, 2023).

Rice bran (RB) is a cuticle layer found between rice husks and rice grains (Aluthge et al.,
2023). According to Agustina et al. (2024), rice milling produces three products: 16-28% rice
husks, 2-4% RB, and 60% white rice. The white rice is the main product of rice milling, while
rice husks and RB are byproducts. The rice milling process is estimated to produce large amounts
of RB as a byproduct (Zaky et al., 2020). Colombo et al. (2023) estimated 29.3 million tons of
RB may be produced per year.

RB has dense layer, bright appearance, bitter flavor, fine texture, and nutritious (Agustina et
al., 2024; Tuncel, 2023). The bioactive components of RB comprise various antioxidants such as
y-oryzanol, tocopherols, tocotrienols, and phenolic acids (including ferulic, p-coumaric, and sinapic

acids). In addition, RB contains sterols and other bioactive compounds. Andriani et al. (2022)
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explained that RB contains bioactive compounds, such as
phenolics and y-oryzanol. A similar statement was also
conveyed by Baixinho et al. (2025), that RB is promising due
to its y-oryzanol content.

Liu et al. (2024) stated that y-oryzanol has health effects
in terms of its ability to inhibit inflammation and cancer
growth, as well as prevent diabetes. In addition, RB also
contains high levels of dietary fiber, essential fatty acids, and
tocopherols, making it suitable as nutritional source (Bunmusik
et al., 2023; Kreungngern et al., 2021; Sapwarobol et al.,
2021; Spaggiari et al., 2021; Wu et al., 2022). RB has been
shown to potentially reduce the risk of degenerative diseases,
such as hypercholesterolemia, atherosclerosis, and cancer
(Agustina et al., 2024). Gao et al. (2021) also reported the
health benefits of RB, including reducing dyslipidemia and
improving gut microbiota modulation. Thus, RB can be
regarded a rich source of natural nutrients. (Li et al., 2023).

When RB is extracted, it can inhibit alpha-glucosidase
activity, thereby reduce glucose absorption and lower blood
sugar levels. Rice bran extract (RBE) has also been declared
safe as a food additive (Sapwarobol et al., 2021). The RB
extraction aims to maximize the bioactive effects in rice bran.
Extraction techniques can be carried out with solvent chemical
methods or with hydraulic physical methods. Solvent
extraction is a common method used in RB extraction
(Andriani et al.,, 2022; Sahini and Mutegoa, 2023). The
solvent extraction can also be called maceration, through
mixing RB and solvent at certain ratio. The RB:solvent ratio
is related to diffusion, solubility, and contact area during
extraction (Bunmusik et al., 2023).

Solvent selection is critical to the success of RB
extraction, influencing the yield, total phenolic content
(TPC), and antioxidant levels (Musa et al., 2024; Tan et al.,,
2023). In maceration, several solvents, such as methanol,
ethanol, and acetone, are still used because of effective and
efficient in terms of time, volume, and material management,
compared to other solvents, such as toluene, benzene,
chloroform, and hexane (Colombo et al., 2023). Several
studies have examined RB maceration. Peanparkdee et al.
(2019) found that RBE contain phenolic acids and flavonoids
after maceration using ethanol and isopropanol. Another
researcher found the presence of y-oryzanol in RBE through
methanol maceration with methanol:RB ratio of 10:1
(Pokkanta et al., 2019). Bunmusik et al. (2023) obtained an
optimal solvent:RB ratio of 20:1, through the maceration
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method. Meanwhile, the optimal rice bran extraction
conditions are at pH 2.99 and solvent:RB ratio of 8.91:1
(Chen et al., 2025). Ratanasongtham et al. (2024) found that
the best extraction conditions were at a solvent:RB ratio of
6:1, showing the highest antioxidant activity.

The extraction process requires pretreatment to maximize
extraction results. Pretreatment has been explored to enhance
bioactive extraction and improve the functional properties of
byproducts, such as RB (Colombo et al., 2023). According
to Aluthge et al. (2023), pretreatment can facilitate a high
amount of phenolics included during extraction. Several
researchers have studied various pretreatment methods.
Pretreatment with ohmic heating has positive effect on
reducing extraction time by 70-75% and providing maximum
extract yield (Nair et al., 2014). Ruen-Ngam et al. (2016)
have studied several pretreatments, such as microwave
heating, hot air heating, roasting, parboiling, autoclaving, and
enzyme treatment. The results showed the highest extraction
yield when pretreated with air heating at 70°C. The gamma
ray irradiation-pretreated can also help increase the RBE
yield, as well as enhancing the total phenolic content and
antioxidant activity (Masamran et al., 2023).

Pretreatment can also be in the form of hydrolysis.
Sombutsuwan et al. (2024) explained that certain pH
conditions are essential to solvent-solute interaction, related
to the cell wall breakdown of material. Weak acid conditions
can lower the bioactive release from the substance by
decreasing the efficiency of cell wall breakdown. In some
cases, alkaline or acid hydrolysis was employed to release
bound phenolics from the rice matrix, enabling efficient
recovery of key antioxidants such as ferulic, p-coumaric, and
vanillic acids for quantification by HPLC (Qiu et al., 2009).
While Hartati et al. (2017) reported that hydrolyzed defatted
RBE exhibits antioxidant potential, Widyastuti et al. (2023)
found its antioxidant activity to be lower than that of
non-defatted rice bran, indicating the need to explore extraction
methods without defatting but incorporating hydrolysis to
recover both bound and free bioactive components.

Information on hydrolysis pretreatment at varying pH
levels remains limited in evaluating the antioxidant potential
of solvent-macerated RBE. Therefore, this study aimed to
identify the optimal pretreatment condition and solvent-to-RB
ratio to maximize RBE quality in terms of yield, visual
characteristics, and antioxidant activity. Pretreatment was

conducted under strong, moderate, and weak acid conditions.
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This study offers novelty by systematically comparing low-,
moderate-, and high-pH hydrolysis pretreatments. Unlike
previous works that focus on a single hydrolysis condition,
this study links pH-controlled hydrolysis directly to RBE
brightness, yield, and antioxidant performance. As a result, it
provides new practical and mechanistic insight for optimizing
RB extraction without relying on defatting. We hypothesized
that pretreatment under strong acid conditions would enhance
RBE quality due to the rapid degradation of the rice bran cell

wall.

2. Materials and methods

2.1. Materials

RB was obtained by milling IR-64 variety rice (Oryza
sativa var. IR-64) from the Food Crop Seed Center,
Sukoharjo Regency, Central Java, Indonesia. The 96%
ethanol was purchased from traditional market in Sukoharjo
Regency, Central Java, Indonesia. Chemical reagents, such as
2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu reagent,
Na,CO;, and gallic acid (GA), were obtained from Merck,

Germany. The distilled water was also used in this study.

2.2. Processing conditions
2.2.1. Pretreatment of RB extraction

RB was dispersed in 4 M NaOH as an alkaline pretreatment
medium, and the suspension pH was adjusted to 1 (HPH1),
3 (HPH3), or 5 (HPHS) using 37% HCI prior to shaking. The
role of HCl in this procedure was solely to set the target final
pH, whereas NaOH provided the alkaline matrix to facilitate
sample solubilization during pretreatment.

Briefly, 10 g of RB was mixed with 120 mL of 4 M
NaOH, adjusted to the target pH with 37% HCI (final pH
verified using a calibrated pH meter), and shaken for 4 h in
a temperature-controlled shaker (Julabo, Julabo GmbH,
Seelbach, Germany). After pretreatment, 60 mL of 96% (v/v)
ethanol was added, and the mixture was macerated for 3 h
at room temperature followed by filtration. The solid residue
was re-macerated under identical conditions, and the
combined filtrates were concentrated under reduced pressure
using a rotary vacuum evaporator (D-Lab RE 100-Pro, Dlab
Scientific Co., Ltd, Jiangsu, China). As a no-pretreatment
control (NH), 10 g of RB was extracted directly with 60 mL
of 96% (v/v) ethanol using the same maceration-filtration

https://www.ekosfop.or.kr

procedure without the NaOH dispersion and pH-adjustment
step. The resulting RBE was stored at 4°C in the dark until
visual and antioxidant analyses, and the best-performing

pretreatment was selected for subsequent extraction.

2.2.2. RB extraction

RB was macerated at three solvent-to-solid ratios (mL of
96% ethanol per g RB; mL/g): 5:1 (SRS), 6:1 (SR6), and 7:1
(SR7). Maceration was carried out for 3 h in a water-bath
shaker at room temperature (Julabo, Julabo GmbH), followed
by filtration using filter paper. The filtrate was concentrated
under reduced pressure using a rotary vacuum evaporator
(D-Lab RE 100-Pro, Dlab Scientific Co., Ltd) at room
temperature until solvent removal. Ethanolic maceration was
performed without further pH adjustment. The RBE was
stored in the dark at 4°C prior to analyses [yield, visual
appearance, TPC, diphenyl-1-picrylhydrazyl radical scavenging
activity (DPPH RSA), and ICs].

2.3. Measurement of RBE quality
2.3.1. Visual appearance

RBE were presented in glass containers and aligned in an
orderly manner. The RBE visual were taken with a digital
camera. The RBE visual was focused at the extract

yellowish-brown color.

2.3.2. Yield
The RBE yield is obtained by comparing the weight

between extract and RB. The evaporated extract is then
weighed on analytical balance (Ohaus, Ohaus Corporation,
New Jersey, USA) to obtain the extract weight. The extract
weight is then divided by RB weight, and then multiplied by
100% to obtain RBE extract equation (1).

RBE' weight

Yield (%) = —pp weight

% 100 (1)

2.3.3. TPC

The TPC measurement adopted from Sompong et al.
(2011). The RBE (120 pL) was added to 600 pL of Folin-
Ciocalteu reagent. Then, 960 pL of sodium carbonate
solution was added to the mixture after 2 min-reaction. The
absorbance of blue color was measured at A: 750 nm after

the reaction had lasted for 5 min at 50°C. GA was used as
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TPC standard, expressed as pg GAE per gram of RBE.

2.3.4. DPPH RSA
DPPH radical-scavenging activity (RSA) was determined

according to Sompong et al. (2011) with minor modifications.
Briefly, 1.5 mL of 0.1 mM DPPH solution (in methanol) was
mixed with 300 pL of RBE solution in methanol, vortexed
(Thermolyne, USA), and incubated for 45 min at room
temperature in the dark. Absorbance was measured at 515 nm
using a UV-Vis spectrophotometer (Genesys 10S UV-Vis,
Thermo Scientific, Wisconsin, USA). Methanol was used as
the blank, and RSA (%) was calculated as a percentage of
DPPH RSA equation (2).

DPPH RSA (%) =

absorbance (methanol) — absorbance (RBE)
absorbance (methanol)

x 100 (2)

2.3.5. 1Cso

ICsy determination was performed according to Suhery et
al. (2016). ICsy was defined as the extract concentration
required to inhibit 50% of DPPH radicals. RBE working
solutions were prepared in methanol at 1-10% (w/v) (equivalent
to 10,000-100,000 pg/mL), and five concentrations within
this range were used to construct the concentration-inhibition
curve. DPPH inhibition (%) was measured using the same
procedure described for the RSA assay. ICsy (png/mL) was
calculated from the linear regression of inhibition (%) (y)
versus concentration (x) within the range encompassing 50%
inhibition, by solving the regression equation at y = 50.

2.4. Statistical analysis

The study was conducted using a completely randomized
design with three replications. Data tabulation was performed

using Microsoft Office software (Microsoft, Redmond, WA,
USA), supported by SPSS software version 25.0 (SPSS Inc.,
Chicago, IL, USA) to obtain information about differences
between treatments. Further tests were performed and the
one-way ANOVA method using the Duncan’s multiple range
test (DMRT) at a 5% significance level.

3. Results and discussion

3.1. Effect of pretreatment on visual appearance
of RBE

Hydrolysis is the breaking down process of chemical
bonds due to reaction with water. The hydrolysis reaction is
quite slow, but the acid or base presence can speed up the
reaction rate (Cairns, 2004). In this study, hydrolysis
pretreatment was conducted as an alkali-assisted treatment (4
M NaOH) with subsequent pH adjustment using 37% HCI to
achieve the target pH (pH 1, 3, and 5), which facilitated
cell-wall disruption and improved extractability of phenolic
compounds (Dewi et al., 2007). The RBE obtained from all
treatments exhibited a yellowish-brown appearance (Fig. 1),
which is commonly attributed to endogenous rice bran
pigments, including phenolic-related compounds and other
naturally occurring chromophores (Ciulu et al., 2018).
Accordingly, Fig. 1 showed that all treatments retained a
broadly similar yellowish-brown hue, although differences in
brightness were observed.

Based on visual inspection, extracts subjected to stronger
pretreatment appeared slightly brighter (Fig. 1). This pattern
is consistent with the role of low-pH conditions during
pretreatment in depolymerizing cell-wall constituents and
releasing bound phenolics, which may alter the chromophore
composition of the extract and produce a lighter, yellowish-
gold appearance (Deng et al., 2023; Irakli et al., 2018). In
our study, the relationship between pretreatment and bioactivity

A) (B) © D)

Fig. 1. Visual appearance of rice bran extract (RBE) after hydrolysis pretreatment. (A), HPHI (pH 1); (B), HPH3 (pH 3); (C), HPHS

(pH 5); (D), NH (without hydrolysis).

602

https://doi.org/10.11002/f5p.2026.33.4.599



Food Sci. Preserv., 33(4) (2026)

was evaluated using TPC and DPPH radical-scavenging
activity. While hydrolysis-assisted pretreatment can influence the
release of bound phenolics (Das et al., 2024; Sani et al.,
2012), our results indicate that higher visual brightness did
not necessarily correspond to higher antioxidant activity, as
the highest DPPH activity was observed in the NH. These
results indicate that alkali-assisted hydrolytic pretreatment,
particularly at lower final pH, can effectively improve the
visual and functional quality of RBE.

3.2. Effect of pretreatment on DPPH RSA of RBE

In hydrolysis treatments, the alkali facilitates the release of
phenolic acids that are tightly bound to cell-wall components
such as arabinoxylans and lignin, thereby increasing the
measurable antioxidant compounds in the extract. This
mechanism aligns with findings reported by Hartati et al.
(2015), who showed that phenolics associated with insoluble
dietary fiber become more detectable after alkaline-assisted
liberation. Based on Fig. 2, the DPPH RSA of RBE with
hydrolysis pretreatment was lower than the RBE without
hydrolysis. RBE NH had the highest antioxidant activity
(70.77%). Among the hydrolysis treatments, RBE HPH3 and
RBE HPHS had lower antioxidant activity compared to RBE
HPH1 (p < 0.05) (Fig. 2). These results differ from the
findings of another researcher, with RBE at pH 5 showed the
highest DPPH radical scavenging activity (Peanparkdee et al.,
2020). Extraction without prior alkali or acid use is thought
to be able to create high purity of the extracted antioxidant
compounds so that DPPH scavenging activity is maximized.

The pattern indicates that acid-controlled hydrolysis may

© © o
S © o
T T

[

il

HPH1 HPH3 HPH5 NH

w » O D N
S ©o © © o
T T T T

20

DPPH Radical scavenging activity (%)

Fig. 2. DPPH RSA of RBE after pretreatment with hydrolysis
at pH 1 (HPH1), pH 3 (HPH3), pH 5 (HPHS5), and without
hydrolysis (NH). Values are mean = SD (n = 3). The lowercase
letters above the bar chart indicate significant differences between
treatments (p < 0.05).
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reduce antioxidant activity because low-pH conditions can
partially degrade or alter phenolic compounds, which is
known to lower DPPH reactivity when hydrolysis is not
optimized (Fan et al., 2022; Sani et al., 2012). The higher
activity in NH and HPHI1 likely reflects better retention of
intact antioxidants, consistent with reports that excessive acid
or alkali treatment can reduce free-radical scavenging even
when phenolic release increases (Andriani et al., 2022).
Overall, these results indicate that hydrolysis intensity must
be carefully controlled to avoid losses of antioxidant

functionality.

3.3, Effects of solvent maceration on RBE visual
appearance

Based on the pretreatment results, pretreatment without
hydrolysis was chosen for RB extraction in this study. Fig.
3 shows that RBE color in SR5, SR6, and SR7 was bright
and tended towards light yellow. Maceration without prior
hydrolysis has the advantage of being free from acidic and
basic chemicals, thus not affecting the RBE color. These
results are similar to the appearance of the extracts in the
pretreatment in Fig. 1. The bright yellowish appearance of
RBE is advantageous in terms of attracting consumer interest
in consuming it or mixing it with other food ingredients.

The similar color across treatments suggests that changing
the solvent ratio had only a minor effect on pigment
extraction, which agrees with reports showing that pigment
and phenolic solubility in high-ethanol systems depends more
on solvent polarity than on solvent volume (Shi et al., 2022).
The slightly more intense coloration seen in SR7 may
correspond to marginally higher phenolic or lipid-soluble
compound dissolution, as increased solvent volume can
enhance diffusion and mass-transfer rates during maceration
(Siddiqui et al., 2025). Overall, the visual similarity among
treatments suggests that solvent ratio influences extraction
efficiency subtly, with more pronounced effects requiring
either changes in solvent polarity or application of assisted

extraction techniques.

3.4. Effects of solvent maceration on RBE yield

This study used a polar solvent (96% ethanol). According
to Ribas et al. (2023), polar solvents have a higher boiling
point than non-polar solvents, thus increasing extraction yield
of RB. The results showed RB yield in SR6 and SR7 was
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(A) (B)

©

Fig. 3. Visual appearance of rice bran extract (RBE) prepared at different solvent-to-rice bran ratios. (A), SR5 (5:1); (B), SR6 (6:1);

(C), SR7 (7:1).

higher compared to the SR5 condition (p < 0.05) (Fig. 4).
The extraction yield range in this study was 6.13-6.72%. This
finding is quite high compared to Arun et al. (2020), showing
the RBE yield of 3.74%. However, these study results were
much lower than the findings of several other researchers,
with RBE vyield of 18-24.45% (Baixinho et al., 2025,
Junyusen et al., 2022; Ribas et al., 2023; Ribas et al., 2025).
This gap may be due to differences in RB varieties, maceration
conditions, and solute content in the RB.

In general, increasing the solvent-to-rice bran ratio tended
to increase extraction yield, likely by improving diffusion
and mass transfer of soluble compounds into the solvent
phase (Siddiqui et al., 2025). However, the yield difference
between SR6 and SR7 was not significant (Fig. 4), suggesting
diminishing returns at higher solvent volumes within the
tested range. Consistent with the general extraction concept
that yield may approach a plateau as equilibrium is reached
(Rifai et al., 2018; Shi et al., 2022), our results suggest that
the system may be approaching saturation near SR7. However,
additional solvent-to-solid ratios would be required to
confirm the true saturation point. Overall, SR7 produced the
highest yield (6.72%).

5}
d

Yield (%)

o = N W A O O N ® ©
L S e e N s

SR5 SR6 SR7

Fig. 4. Yield of RBE with solvent:RB ratios of 5:1 (SRS), 6:1
(SR6), and 7:1 (SR7). Values are mean + SD (n = 3). The
lowercase letters above the bar chart indicate significant differences
between treatments (p < 0.05).
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3.5, Effects of solvent maceration on TPC of RBE

Antioxidants are active compounds that could reduce free
radicals (Sahini and Mutegoa, 2023). Antioxidants can overcome
the reactive oxygen species (ROS) formation, which are
pathogenic and pathophysiological in chronic diseases, such
as heart disease, diabetes, and inflammation (Colombo et al.,
2023). Tocols and oryzanol are the main antioxidant compounds
contained in RB (Kreungngern et al., 2021). Antioxidant
activity measurement usually uses the DPPH method because
of its stability during analysis (Andriani et al., 2022). In
addition, TPC test is also used to assess antioxidant properties
of material. According to Widarta and Arnata (2014), TPC
has a linear correlation with antioxidant activity. Therefore,
the higher the TPC, the higher the antioxidant activity.

Phenolic compounds are divided into several subgroups,
such as phenolic acids, flavonoids, tannins, coumarins, and
quinones. In phenolics, the presence of hydroxyl groups in
aromatic rings can stabilize free radicals, thus having a
positive effect as antioxidants (Andriani et al., 2022,
Rungratanawanich et al., 2018). The antioxidant effect of
phenolics is correlated with their ability to scavenge radical
species through electron transfer from phenolics to radical
compounds (Colombo et al., 2023). Ferulic and coumaric
acids are among the phenolic compounds found abundantly
in RB (Tuncel, 2023).

The results showed that RBE SR7 had the highest TPC
content (65.97 ug GAE/g RBE), compared to SRS (p < 0.05)
(Fig. 5). However, this finding is still much lower than the
results of several other researchers, who obtained TPC of
RBE of 2,060-13,360 ug GAE/g RBE (Aluthge et al., 2023;
Bunmusik et al., 2023). The use of ethyl acetate and
methanol solvents also were able to produce RBE with high
TPC (6,500 ng GAE/g RBE) (Arun et al., 2020). On the other
hand, hexane solvent was able to produce RBE with TPC of
3620 ng GAE/g RBE (Ribas et al., 2025). So far, deep

eutectic solvent has been the superior solvent in extracting
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% = TPC (ug GAE/g RBE) DPPH RSA (%)

70 I ab

Measured value
2]
3

SR5 SR6 SR7

Fig. 5. TPC and DPPH RSA of rice bran extract with solvent:RB
ratio of 5:1 (SR5), 6:1 (SR6), 7:1 (SR7). TPC is expressed as
png GAE/g RBE, whereas DPPH RSA is expressed as percentage
(%). Values are mean + SD (n = 3). The lowercase letters above
the bar chart indicate significant differences between treatments
(p < 0.05).

RB with the highest TPC of 25,490 pg GAE/g RBE
(Ratanasongtham et al., 2024). The choice of solvent type is
crucial in extracting RB, might be related to the interaction
between solvent and antioxidant compounds present in RB.

The relatively low TPC obtained in this study is largely
attributable to the extraction conditions applied. Highly polar
solvents such as methanol, ethyl acetate, and deep eutectic
solvents are known to recover far higher phenolic levels than
96% ethanol (Arun et al., 2020; Ratanasongtham et al., 2024).
In addition, assisted extraction techniques generally enhance
phenolic release compared with simple maceration (Aluthge
et al., 2023; Bunmusik et al., 2023). Hydrolysis conditions
may also influence outcomes, as certain acid or alkaline
treatments can degrade phenolics and reduce Folin-detectable
values (Sani et al., 2012). Finally, differences in RB variety
and stabilization further contribute to inter-study variability
(Fan et al., 2022).

3.6. Effects of solvent maceration on DPPH RSA
of RBE

Antioxidant activity assessment by DPPH RSA is carried
out using the idea of purple color fading dependent on DPPH
scavenging degree. If the purple color fades, it indicates high
DPPH scavenging ability. The purple color intensity is
measured by absorbance observation using spectrophotometer.
In RB, the antioxidant components commonly present are
tocopherol and y-oryzanol, that have the ability to scavenge
free radicals (Liu et al., 2019), one of which is the DPPH
radical. Fig. 5 shows that RBE in SR7 and SR6 have higher

https://www.ekosfop.or.kr

DPPH scavenging activity (71.80-75.93%), compared to SRS
(66.01%) (p < 0.05). The use of more solvent can extract
more antioxidant compounds in RB, leading to increased
DPPH scavenging activity. This result is relatively higher
than the findings of Widarta et al. (2013), which had a DPPH
RSA of 49.14%. On the other hand, Ratanasongtham et al.
(2024) had a higher DPPH scavenging activity (83.75%).
Fig. 5 shows a consistent pattern in which higher TPC
corresponds to stronger DPPH radical-scavenging activity
(RSA), with SR7 exhibiting both the highest TPC (65.97 pg
GAE/g RBE) and RSA (75.93%), followed by SR6 and SRS.
This positive association aligns with widely reported
evidence that phenolic compounds are key contributors to
antioxidant capacity due to their hydrogen-donating and
radical-stabilizing abilities (Shi et al., 2022). The modest
increase in TPC across solvent ratios appears sufficient to
drive a proportional increase in RSA, supporting the principle
that extraction efficiency for phenolics directly influences
DPPH activity in plant extracts (Siddiqui et al., 2025).
Overall, the data indicate that even small improvements in
phenolic recovery through a higher solvent-to-RB ratio can
enhance antioxidant performance, consistent with the

mechanistic role of phenolics in free-radical neutralization.

3.7. Effects of solvent maceration on ICsp of RBE

ICs is the substance concentration required to inhibit 50%
of DPPH radicals. ICsy determination is carried out through
a linear regression equation. Because RBE SR7 showed the
most favorable overall performance in the screening step
(highest TPC, high DPPH RSA, and a relatively high yield),
ICsp was determined only for SR7. The inhibition (%)-
concentration relationship produced the regression equation y
= 53318x + 13.39 (R* = 0.9671), where x is the RBE
concentration expressed as % (w/v). From this equation, the
ICsp was obtained at x = 6.87% (w/v), which corresponds to
68,700 pg/mL (given that 1% w/v = 10,000 pg/mL).
According to the criteria reported by Jun et al. (2003) (ICso
> 500 ppm, approximately equivalent to 500 pg/mL), this
value would be classified as very weak antioxidant activity.
The high ICsy may be associated with the relatively low TPC
of the extract (Fig. 5), although differences in phenolic
composition and matrix effects in crude extracts may also
affect DPPH-based ICsy estimates. Previous studies have
reported stronger antioxidant activity in RBE, with ICs
values of 250.14 ppm (Arun et al., 2020) and 398.13 ppm
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(Bunmusik et al., 2023). In contrast, our ICsq (68,700 pg/mL)
is markedly higher and would be classified as very weak
according to Jun et al. (2003) (ICsp > 500 ppm = 500
pg/mL). This may be associated with the relatively low TPC
(Fig. 5) and, potentially, with the extraction conditions used
(maceration in 96% ethanol), which may limit the recovery
of more polar phenolic compounds compared with protocols
reported to improve phenolic extraction (Andriani et al.,
2022; Bunmusik et al., 2023). Prior studies suggest that weak
DPPH activity in crude RBE can arise from limited release
of phenolics and matrix interference (Embashu and Nantanga,
2019; Laokuldilok et al., 2011; Walter et al., 2013), and
processing may further reduce recoverable phenolics (Oboh
and Ademosun, 2011). Extracts dominated by y-oryzanol but
low in free phenolics have also been linked to higher ICsy
values (Chamba et al., 2014; Ti et al., 2014). Accordingly,
the high ICsy observed in this study may be influenced by
phenolic recoverability and matrix effects, although phenolic

composition was not directly evaluated.

4. Conclusions

This study applied hydrolysis pretreatment at pH 1, 3, and
5 and compared with no hydrolysis before RB extraction.
The unhydrolyzed pretreatment of RBE had bright
appearance and high DPPH RSA (70.77%) so it was chosen
in the RB maceration. In the maceration process, the solvent-
to-RB ratio of 7:1 (SR7) provided the best overall
performance, yielding 6.72% extract with TPC of 65.97 g
GAE/g RBE and DPPH RSA of 75.93% (at the tested
concentration). However, SR7 showed a high ICs, (68,700
pg/mL), indicating relatively weak antioxidant potency. This
result indicates the minimum antioxidant potential when
applying solvent maceration with a solvent:RB ratio of 7:1
without hydrolysis. This technique needs to be modified in
purpose of antioxidant activity improvement. One of the
technique modification efforts is to combine ethanol solvent
with deep eutectic solvent which has high potential to
maximize yield as well as antioxidant activity of RBE.
Besides, antioxidant activity may be enhanced by modifying
the maceration process through the use of more polar solvent
systems (e.g., 50-80% aqueous ethanol), increasing the
solvent-to-RB ratio, and applying mild heating or ultrasound
to improve phenolic release. It may also be strengthened by
incorporating an optimized hydrolysis step prior to maceration
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and by minimizing oxidative and thermal degradation during

solvent removal.

Funding

This research was supported by Directorate of Research and
Community Service, Ministry of Research, Technology And
Higher Education through the Basic Research Scheme for
Higher Education.

Acknowledgements

We are grateful to laboratory assistant at University of
Veteran Bangun Nusantara and University of Muhammadiyah
Surakarta for technical assistance during this research work.

Conflict of interests

The authors declare no potential conflicts of interest.

Author contributions

Conceptualization: Hartati S, Septianasari A. Methodology:
Hartati, S, Septianasari A, Asmoro NW. Formal analysis:
Hartati S, Septianasari A. Validation: Hartati S, Septianasari
A, Asmoro NW. Writing - original draft: Hartati S,
Septianasari A, Harsanto BW. Writing - review & editing:
Hartati S, Harsanto BW.

Ethics approval
This article does not require IRB/IACUC approval because

there are no human and animal participants.

ORCID

Sri Hartati (First author)
https://orcid.org/0009-0004-9088-9364

Anita Septianasari
https://orcid.org/0009-0009-4515-6272
Novian Wely Asmoro
https://orcid.org/0000-0002-1116-1542

Bovi Wira Harsanto (Corresponding author)
https://orcid.org/0000-0003-2914-9696

References

Agustina AN, Ansori ANM, Puspita R, Citrawati M,
Wahyuningsih S, Tuba S, Herdiansyah MA, Kristanti
M. The potential of rice bran (Oryza sativa) nutritional
components as a functional food for healthy consumption:

https://doi.org/10.11002/fsp.2026.33.4.599



Food Sci. Preserv., 33(4) (2026)

A review. Food Syst, 7, 627-633 (2024)

Aluthge DSU, Ranaweera KKDS, Gunathilake IADSR. The
effect of stabilization heat treatment on rice bran quality
parameters, including total phenolic content, gamma
oryzanol content, antioxidant potential, oxidative stability
and extraction yield during storage. Food Chem Adv, 3,
100531 (2023)

Andriani R, Subroto T, Ishmayana S, Kurnia D. Enhancement
methods of antioxidant capacity in rice bran: A review.
Foods, 11, 2994 (2022)

Arun KB, Dhanya R, Chandran J, Abraham B, Satyan S,
Nisha P. A comparative study to elucidate the biological
activities of crude extracts from rice bran and wheat
bran in cell line models. J Food Sci Technol, 57,
3221-3231 (2020)

Baixinho JP, Cardeira M, Bento-Silva A, Partidario AMC,
Serra AT, Bronze MdR, Fernandez N. Optimization of
supercritical fluid extraction for the recovery of y-
oryzanol-rich extracts with improved bioactivity from
rice bran. Antioxidants, 14, 206 (2025)

Bunmusik W, Suttiarporn P, Phankaew T, Thitisut P,
Seangwattana T. The effects of solvent-based ultrasonic-
assisted extraction of bioactive compounds and
antioxidant activities from pigmented rice bran. Mater
Today: Proc, 77, 1073-1078 (2023)

Caims D. Pharmaceutical Chemistry Essentials. 2nd ed,
Penerbit Buku Kedokteran EGC, Jakarta, Indonesia
(2004)

Chamba MVM, Hua Y, Simwaka JE. Comparative sensory
evaluation of soy protein isolates extracted from full fat
and defatted flours using natural and conventional
synthetic extraction chemicals. Int Food Res J, 21,
209-215 (2014)

Chen F, Huang S, Huang G. Preparation, activity, and
antioxidant mechanism of rice bran polysaccharide.
Food Funct, 12, 834-839 (2021)

Chen Y, Sha R, Dai J, Wang Z, Mao Y, Fan F, Huang J,
Mao J. Phytic acid extraction from rice bran with acetic
acid: Optimization, antioxidant capacity and mechanism
based on cellular metabolomics. Food Sci Technol, 217,
117394 (2025)

Ciulu M, Cadiz-Gurrea MDIL, Segura-Carretero A. Extraction
and analysis of phenolic compounds in rice: A review.
Molecules, 23, 2890 (2018)

Colombo R, Moretto G, Barberis M, Frosi I, Papetti A. Rice
byproduct compounds: From green extraction to antioxidant
properties. Antioxidants, 13, 35 (2024)

Das PP, Gul MZ, Weber AM, Srivastava RK, Marathi B,
Ryan EP, Ghazi TA. Rice bran extraction and stabilization
methods for nutrient and phytochemical biofortification,
nutraceutical development, and dietary supplementation.
Nutr Rev, 83, 692-712 (2024)

https://www.ekosfop.or.kr

Deng F, Hu X, Wang Y, Luo S, Liu C. Improving the yield
of feruloyl oligosaccharides from rice bran: Effects of
pretreatment and hydrolysis. Foods, 12, 1369 (2023)

Dewi JR, Estiasih T, Murtini ES. Antioxidant activity of
extracts obtained by applying various solvents to the
local brown sorghum (Sorghum bicolor) bran. J Teknologi
Pertanian, 8, 188-197 (2007)

Embashu W, Nantanga KKM. Malts: Quality and phenolic
content of pearl millet and sorghum varieties for
brewing nonalcoholic beverages and opaque beers.
Cereal Chem, 96, 765-774 (2019)

Fan R, Gao Y. Maillard and hydrolytic reactions in
subcritical water processing: Implications for color and
antioxidant properties. Foods, 27, 6851 (2022)

Gao C, Li Y, Pan Q, Fan M, Wang L, Qian H. Analysis of
the key aroma volatile compounds in rice bran during
storage and processing via HS-SPME GC/MS. J Cereal
Sci, 99, 103178 (2021)

Hartati S, Marsono Y, Suparmo, Santoso U. Chemical
composition and antioxidant activity of rice bran hydrophilic
extract of selected rice variety. Agritech, 35, 35-42
(2015)

Hartati S, Suparmo, Santoso U, Marsono Y. Antioxidant
activity and in vitro inhibition human plasma LDL
oxidation of defatted rice bran var. Menthikwangi
extract. Int Food Res J, 24, 1651-1659 (2017)

Irakli M, Kleisiaris F, Kadoglidou K, Katsantonis D. Optimizing
extraction conditions of free and bound phenolic
compounds from rice by-products and their antioxidant
effects. Foods, 7, 93 (2018)

Jun M, Fu HY, Hong J, Wan X, Yang CS, Ho CT.
Comparison of antioxidant activities of isoflavones from
kudzu root (Pueraria lobata Ohwi). J Food Sci, 68,
2117-2122 (2003)

Junyusen T, Chatchavanthatri N, Liplap P, Junyusen P, Phan
VM, Nawong S. Effects of extraction processes on the
oxidative stability, bioactive phytochemicals, and antioxidant
activity of crude rice bran oil. Foods, 11, 1143 (2022)

Kreungngem D, Kongbangkerd T, Ruttarattanamongkol K.
Optimization of rice bran stabilization by infrared-
vacuum process and storage stability. J Food Process
Eng, 44, 13668 (2021)

Laokuldilok T, Shoemaker CF, Jongkacwwattana S, Tulyathan
V. Antioxidants and antioxidant activity of several
pigmented rice brans. J Agric Food Chem, 59, 193-199
(2011)

Li Y, Gao C, Wang Y, Fan M, Wang L, Qian H. Analysis
of the aroma volatile compounds in different stabilized
rice bran during storage. Food Chem, 405, 134753
(2023)

Liu X, Li Z, Yang BO, Wang W, Lan D, Wang Y.
Lipidomics analysis of rice bran during storage unveils

607



Antioxidant potential of pretreated rice bran extracts

mechanisms behind dynamic changes in functional lipid
molecular species. Food Chem, 447, 138946 (2024)

Liu YQ, Strappe P, Zhou ZK, Blanchard C. Impact on the
nutritional attributes of rice bran following various
stabilization procedures. Crit Rev Food Sci Nutr, 59,
2458-2466 (2019)

Masamran S, Chookaew S, Tepsongkroh B, Supawong S.
Impact of gamma irradiation pre-treatment before subcritical
water extraction on recovery yields and antioxidant
properties of rice bran extract. Radiat Phys Chem, 207,
110834 (2023)

Musa NA, Haslinda N, Hashim N. Effect of extracting
solvent on phenolic content and antioxidant activity of
Oenanthe javanica: A review. Sci Herit J, 8, 6-12
(2024)

Nair GR, Divya VR, Prasannan L, Habeeba V, Prince MV,
Raghavan GSV. Ohmic heating as a pre-treatment in
solvent extraction of rice bran. J Food Sci Technol, 51,
2692-2698 (2014)

Oboh G, Ademosun AQO. Characterization of the antioxidant
properties of phenolic extracts from some citrus peels.
J Food Sci Technol, 49, 729-736 (2011)

Peanparkdee M, Patrawart J, Iwamoto S. Effect of extraction
conditions on phenolic content, anthocyanin content and
antioxidant activity of bran extracts from Thai rice
cultivars. J Cereal Sci, 86, 86-91 (2019)

Peanparkdee M, Patrawart J, Iwamoto S. Physicochemical
stability and in vitro bioaccessibility of phenolic compounds
and anthocyanins from Thai rice bran extracts. Food
Chem, 329, 127157 (2020)

Pokkanta P, Sookwong P, Tanang M, Setchaiyan S, Boontakham
P, Mahatheeranont S. Simultaneous determination of
tocols, y-oryzanols, phytosterols, squalene, cholecalciferol
and phylloquinone in rice bran and vegetable oil
samples. Food Chem, 271, 630-638 (2019)

Qiu Y, Liu Q, Beta T. Antioxidant activity of commercial
wild rice and identification of flavonoid compounds in
active fractions. J Agric Food Chem, 57, 7543-7551
(2009)

Ratanasongtham P, Bunmusik W, Luangkamin S, Mahatheeranont
S, Suttiarporn P. Optimizing green approach to enhanced
antioxidants from Thai pigmented rice bran using deep
eutectic  solvent-based ultrasonic-assisted extraction.
Heliyon, 10, €23525 (2024)

Ribas FBT, Gasparetto H, Salau NPG. Sustainable extraction
of rice bran Oil: Assessing renewable solvents, kinetics,
and thermodynamics. Chem Eng Res Des, 197, 342-354
(2023)

Ribas FBT, Gasparetto H, Salau NPG. Rice bran oil
valorization: A comprehensive review of minor compounds,
extraction, advancements, and prospects. ACS Food Sci
Technol, 5, 877-897 (2025)

608

Rifai G, Widarta IWR, Nocianitri KA. The effect of solvent
type and material-to-solvent ratio on phenolic compound
content and antioxidant activity of avocado seed extract
(Persea americana Mill.). J ITEPA, 7, 22-32 (2018)

Ruen-Ngam D, Thawai C, Sukonthamut S. Pretreatment to
increase yield and antioxidant activity of y-oryzanol in
rice bran oil-oryzanol in rice bran oil. ScienceAsia, 42,
75-82 (2016)

Rungratanawanich W, Memo M, Uberti D. Redox homeostasis
and natural dietary compounds: Focusing on antioxidants
of rice (Oryza sativa L.). Nutrients, 10, 1605 (2018)

Sahini MG, Mutegoa E. Extraction, phytochemistry, nutritional,
and therapeutical potentials of rice bran oil: A review.
Phytomedicine Plus, 3, 100453 (2023)

Sani IM, Igbal S, Chan KW, Ismail M. Effect of acid and
base catalyzed hydrolysis on the yield and antioxidant
properties of germinated brown rice. Food Chem, 17,
7584-7594 (2012)

Sapwarobol S, Saphyakhajorn W, Astina J. Biological functions
and activities of rice bran as a functional ingredient: A
review. Nutr Metab Insights, 14, 1-11 (2021)

Shi L, Zhao W, Yang Z, Subbiah V, Suleria HAR. Extraction
and characterization of phenolic compounds and their
antioxidant activities in plants: A review. Antioxidants,
11, 81112-81129 (2022)

Siddiqui SA, Redha AA, Salauddin M, Harahap IA, Rupasinghe
HPV. Factors affecting the extraction of (Poly)Phenols
from plant matrices: A review. Crit Rev Food Sci Nutr,
55, 139-160 (2025)

Sombutsuwan P, Durand E, Aryusuk K. Effect of acidity/
alkalinity of deep eutectic solvents on the extraction
profiles of phenolics and biomolecules in defatted rice
bran extract. Peer] Anal Chem, 6, €29 (2024)

Sompong R, Siebenhandl-Ehn S, Linsberger-Martin G,
Berghofer E. Physicochemical and antioxidative properties
of red and black rice varieties from Thailand, China and
Sri Lanka. Food Chem, 124, 132-140 (2011)

Spaggiari M, Asta CD, Galaverna G, Bilbao MDdC. Rice
bran by-product: From valorization strategies to nutritional
perspectives. Foods, 10, 85 (2021)

Suhery WN, Fernando A, Has N. Test of antioxidant activity
of red and black glutinous rice bran extract (Oryza
sativa 1 var. Glutinosa) and its formulation as cream.
Pharmacy, 13, 101-115 (2016)

Tan BL, Norhaizan ME, Chan LC. Rice bran: From waste to
nutritious food ingredients. Nutrients, 15, 2503 (2023)

Ti H, Li Q, Zhang R, Zhang M, Deng Y, Wei Z, Chi J,
Zhang Y. Free and bound phenolic profiles and
antioxidant activity of milled fractions of different
indica rice varieties cultivated in southern China. Food
Chem, 159, 166-174 (2014)

Tuncel NY. Stabilization of rice bran: A review. Foods, 12,

https://doi.org/10.11002/fsp.2026.33.4.599



Food Sci. Preserv., 33(4) (2026)

1924 (2023)

Walter M, Marchesan E, Massoni PFS, da Silva LP, Sartori
GMS, Ferreira RB. Antioxidant properties of rice grains
with light brown, red and black pericarp colors and the
effect of processing. Food Res Int., 50, 698-703 (2013)

Widarta IWR, Arnata IW. Stability of antioxidant activity of
red rice bran extract subjected to oxidator and heating
in various pH. J Teknol dan Industri Pangan, 25, 193-
199 (2014)

Widarta IWR, Nocianitri KA, Sari LPIP. Extraction of
bioactive components of local rice bran with several
types of solvents. J Aplikasi Teknologi Pangan, 2, 75-79

https://www.ekosfop.or.kr

(2013)

Widyastuti R, Irwanto RD, Nurlaili EP, Hartati S, Iqrar I.
Antioxidant activity between defatted and different
solvent temperature in rice bran var. IR-64 extract. E3S
Web of Conf, 374, 00028 (2023)

Wu X, Li F, Wu W. Effect of rice bran rancidity on the
structure and antioxidant properties of rice bran soluble
dietary fiber. J Cereal Sci, 105, 103469 (2022)

Zaky AA, El-Aty AMA, Ma A, Jia Y. An overview on
antioxidant peptides from rice bran proteins: Extraction,
identification, and applications. Crit Rev Food Sci Nutr,
62, 1350-1362 (2020)

609



