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Background: Sung Yod rice is a red-violet pigmented rice and grown in the southern part of Thailand. Its rice bran oil has
attracted the attention of scientists who have described anti-oxidant properties of some ingredients in Sung Yod rice bran oil.
Normally, extraction methods of commercial product from rice bran oil are by expression or soxhlet extraction with hexane.
Thus, biological activities of Sung Yod rice bran oil related to health and chemical content of rice bran oil from the two methods
should be studied.
Objective: The objectives of this research were to investigate for biological activities and chemical content of Sung Yod rice
bran oil obtained from expression or soxhlet extraction method.
Material and Method: Biological activities such as cytotoxic, anti-inflammatory and antioxidant activities were investigated.
Sulphorhodamine (SRB) assay was used to test cytotoxic activity against four human cancer cell lines: lung (COR-L23),
cervical (HeLa), prostate (PC-3) and breast (MCF-7) and normal human lung cells (MRC-5). The inhibitory effect on
lipopolysaccharide (LPS) induced nitric oxide (NO) production in RAW 264.7 cell lines was used for the determination of anti-
inflammatory effect. DPPH, TEAC and FRAP assay  were carried out for antioxidant activity. Total phenolic compound was
determined by Folin-Ciocalteu reagent. γ-oryzanol and vitamin E content were determined by HPLC. Sung Yod rice bran oil
was produced by expression method (EX) or by soxhlet extraction method using hexane (SXH).
Results: The percentage of yield of Sung Yod rice bran oil by EX and SXH were 2.16 and 15.23 %w/w, respectively. Only EX
showed the selective cytotoxicity against prostate cancer cells (PC-3), (IC

50
 = 52.06+1.60 μg/ml). It also exhibited high

inhibitory effects on NO production (IC
50

 = 30.09 μg/ml). In contrast, SXH had no anti-inflammatory effect and cytotoxic
activity against any of the cancer cells. EX showed higher antioxidant activity determined using DPPH compared to SXH. It
also showed higher amount of γ-oryzanol and vitamin E than that of SXH (3.09+1.04 and 1.35+1.56 mg % w/w of extracts,
respectively). Yet, SXH exhibited higher antioxidant power determined by FRAP assay and higher total phenolic content
compared with EX.
Conclusion: Sung Yod rice bran oil, produced by expression method, had better benefit for health regarding cytotoxicity
against prostate cancer cells (PC-3), anti-inflammatory effect and antioxidant (using DPPH) than that produced by soxhlet
method extracted with hexane.
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Rice is a popular health food in Thailand and
has been a main food of Thai people since long time

ago. It is a highly nutritious food(1) and used for reducing
blood cholesterol(2), antioxidative properties(3-5),
preventing Alzheimer’s disease(6), natural antioxidant
to improve the stability of foods(7), decreasing the
incidence of atherosclerosis disease(8), proposed as a
UV-A filter in sunscreen(9) and anti-inflammatory in
pigmented rice(10,11). Rice bran has also long been used
as health food products. Rice bran oil in commercial
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production is produced by many methods such as
expression or by extraction continuously by soxhlet
apparatus using hexane. It is an oil that is extracted
from the germ and inner husk of rice. It is notable for its
high smoke point of 232°C (450°F) and its mild flavor,
making it suitable for high-temperature cooking
methods such as stir frying or deep frying. It is popularly
used as a cooking oil in several Asian countries,
including Japan and China(12). Sung Yod rice is
pigmented rice from the southern part of Thailand and
supported by Her Majesty Queen Sirikit(13). Sung Yod
rice contains various nutritive substances, including
vitamin B1, B2, B6, carbohydrate, fibers and protein.  It
is also rich in various minerals such as iron, calcium
and phosphorus(14). Its bran is used in many health
food products.  Oil from this rice bran is also produced
by people from southern part of Thailand, but there is
no report about its biological activities relating to health
such as cytotoxicity, anti-inflammatory and antioxidant
activities of Sung Yod rice bran oil obtained by
expression or by soxhlet extraction with hexane. Their
chemical compounds such as total phenolic compound,
gamma oryzanol and vitamin E (Tocopherol) content
were also determined and compared between oils, which
is obtained from these two different extraction methods.

Material and Method
Materials

Plant materials and extraction methods
Sung Yod rice bran was collected from the

Patthalung Province, Thailand (organic rice) on October
2011.  It was kept in a freezer before use, then left at the
room temperature before extraction. Two extraction
methods were performed as follows.

Expression method, the plant material (100 g)
was put into expression machine, which was made in
Thailand, then oil and residue was separated. The
extract was kept at room temperature for 24 hours and
filtered.

Soxhlet extraction method using hexane, 30 g
plant material was put in a thimble and extracted by
using a soxhlet apparatus using 1,000 ml of hexane at a
temperature 60°C for 8 hours, filtered and dried using
an evaporator. The samples were stored at -20°C prior
to analysis.

Methods
In vitro cytotoxicity testing by SRB assay
The cytotoxicity assay was carried out using

Sulphorhodamine B (SRB) assay(5). The target cell lines
were four types of human cancer cells i.e. lung

(COR-L23), prostate (PC-3), breast (MCF-7), and
cervical (HeLa) cancer cell lines and one type of human
normal lung cell (MRC-5). The 100 μg/ml from each of
the two extracts were tested against all cell lines by
SRB assay.  The culturing of the cancer cells or MRC-
5 cells was as described by Itharat et al(15).

The monolayer culture of each cell line in a
96-well micro titer plate was treated with each extracts,
each with six replications. The plates were incubated
for an exposure time of 72 hours, and then the medium
was removed and washed. The plates were incubated
for a recovery period of three days. The percentage
toxicity was measured calorimetrically using SRB assay.

Anti-inflammation by nitric oxide inhibitory
assay

RAW 264.7 murine macrophage leukemia
cell lines used in this study were obtained from
Assoc. Prof. Dr. Supinya Tewtrakul. Department of
Pharmacognosy and Pharmaceutical Botany, Faculty
of Pharmaceutical Sciences, Prince of Songkhla
University. RPMI-1640 medium, Fetal bovine serum
(FBS) and Penicillin-streptomycin (P/S) were purchased
from Gibco. Lipopolysaccharide (LPS) and 3-(4,5-
dimethyl 1-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium
bromide (MTT) were purchased from Sigma. 96-well
microplates were purchased from Costar Corning.

Inhibitory effects on NO production by murine
macrophages, RAW 264.7 cells, were evaluated by the
following method(16). The RAW 264.7 cells were
cultured in RPMI-1640 medium supplemented with 10%
FBS and 1% P/S in 96-well plates with 1 x 105 cells/well
for 1 h. Cells were stimulated with 5 μg/ml LPS together
with the test samples at various concentration for 48 h.
NO production was determined by measuring the
accumulation of nitrite in the culture supernatant using
the Griess reagent. Cytotoxicity was determined using
the MTT colorimetric method. The absorbance at
570 nm was measured. Indomethacin was used as
positive control.

The inhibition of NO production was
calculated using the following equation and IC

50
 values

was calculated using the prism program.
Inhibition (%) = (A-B) x 100

                                                  (A-C)
A: LPS (+), sample (-); B: LPS (+), sample (+);

C: LPS(-), sample (-)

Determination of 2,2-diphenyl-1-picry-
lhydrazyl radical-scavenging activity (DPPH method)

DPPH radical-scavenging activity of rice bran
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extract was determined according to the method
reported(17) with some modification. An aliquot of 0.5 ml
of sample solution in methanol was mixed with 2.5 ml of
a 0.5 mM methanolic solution of DPPH. The mixture
was shaken vigorously and incubated for 30 min in the
dark at room temperature. The absorbance was
measured at 517 nm against a blank, using a UV-vis
spectrophotometer (model Lambda EZ201 UV/vis
spectrophotometer, Perkin Elmer, USA). DPPH free
radical-scavenging ability was calculated by using the
formula: scavenging ability (%) = [Absorbance 517 nm
of control-Absorbance 517 nm of sample/Absorbance
517 nm of control] x 100. BHT was used for comparison.

Determination of ferric reducing anti-
oxidant power (FRAP method)

The FRAP assay(18) is a method of measuring
the ability of reductants (antioxidants) to reduce Fe3+

to Fe2+. The formation of blue colored Fe2+-TPTZ
complex (Fe2+ tripyridyltriazine) increases the
absorbance at 593 nm. This assay is used with some
modifications. The stock solutions included 300 mM
acetate buffer, pH 3.6, 10 mM TPTZ solution in 40 mM
HCl, and 20 mM FeCl

3
6H

2
O solution. The fresh working

solution was warmed at 37°C before use. Rice bran oil
(300 μl) was allowed to react with 1.7 ml of the FRAP
solution. The absorbance at 593 nm of the mixture was
measured after 60 min of reaction. The results were
calculated using standard curves prepared with known
concentrations of FeSO

4
, and were expressed as μmol

FeSO
4
/g fresh weight.

Determination of total phenolic content
Total phenolic content of the rice bran oil was

measured according to the method reported by
Chotimakorn et al(19) by using Folin-Ciocalteu reagent
with some modification. Rice bran oil (10 mg) was
dissolved in methanol (1 ml). An aliquot of rice bran
extract (250 μl) at appropriate dilution of sample was
mixed with 500 μl of the freshly prepared Folin-Ciocalteu
reagent and 6.0 ml of distilled water. The mixture was
shaken vigorously, 2.0 ml of sodium carbonate (15%
w/v) was added, and the mixture was further shaken
vigorously for 2 min. The final volume was made up to
10.0 ml with distilled water. The mixture was left to stand
for 2 h at room temperature; the absorbance at 750 nm
was measured using a UV-vis spectrophotometer
(model Lambda EZ201 UV/vis spectrophotometer,
Perkin Elmer, USA). The results of total phenolic
content were expressed as μg gallic acid equivalent
per g of rice bran weight.

Determination of γγγγγ-oryzanol content in rice
bran oil

γ-oryzanol content in rice bran oil was
measured using reverse phase high performance liquid
chromatography (RP-HPLC)(19). Rice bran oil 100.0 mg
was dissolved in 1.0 ml of methanol before filtering
through a syringe filter with PTFE (0.2 μm; Ascorbic
syringe filter). The RP-HPLC consisted of an Agilent
1100 series (Palo Alto, CA, USA), including auto sample
and column oven equipped with Hypersil ODS (4.0
x 250 mm, 5 μm, Agilent Technologies, Palo Alto, CA,
USA), and a variable wavelength UV-vis detector
(model G1379A) at 330 nm using a mixture of methanol:
acetonitrile: dichloromethane: acetic acid (50:44:3:3
v/v/v/v) as a mobile phase at a flow rate of 1.0 ml/min.
The content of γ-oryzanol was calculated from the peak
area of standard γ-oryzanol (r2 = 0.997) and reported as
mg/g of oil.

Determination of tocopherol (vitamin E)
content in rice bran oil

Tocopherol (vitamin E) content in rice bran
extract was measured using reverse phase high
performance liquid chromatography (RP-HPLC)(20) with
some modification. Rice bran oil 10.0 mg was dissolved
in 1.0 ml of methanol before filtering through a syringe
filter with PTFE (0.2 μm; ascorbic syringe filter). The
RP-HPLC consists of an Agilent 1100 series (Palo Alto,
CA, USA), including auto sample and column oven
equipped with Phenomenex C18 Column (100 x 4.6 mm,
3 micron, Phenomenex, CA, USA), and a variable
wavelength UV-visible detector (model G1379A), at 292
nm using a mixture of  methanol: water (98: 2 v/v) as a
mobile phase at flow rate 1.5 ml/min in isocratic mode
using 10 μl per injection. The content of tocopherol
(vitamin E) was calculated from the peak area (r2 = 0.999)
of standard tocopherol (vitamin E) and reported as
mg/g of oil.

Statistical analysis
The experimental data were expressed as mean

+ SEM (replication = 3).

Results and Discussion
Percentage of yield of Sung Yod rice

Sung Yod rice bran oil from expression method
(EX) showed less percentage of yield than soxhlet
extraction (SXH) using hexane as solvent (2.16 and
15.23%, respectively). This result showed that soxhlet
method can produced more oil, about 7 times greater
than that of expression method. This is because in
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Type of cells                       EX                      SXH

% inhibition IC
50

% inhibition IC
50

COR-L23 8.47+3.22 >100 16.95+3.22 >100
HeLa 5.54+1.69 >100 -10.78+1.44 >100
PC-3 84.55+2.54 52.06+1.60 27.99+2.75 >100
MCF-7 54.21+2.67 >100 19.47+2.14 >100
MRC-5 58.73+3.12 >100 -26.6+1.85 >100

Table 1. Cytotoxic activity (% inhibition and IC
50

) Sung Yod rice bran against cancer cells of lung (COR-L23), cervical
(HeLa), prostate (PC-3) and breast (MCF-7) and normal human cells line (MRC-5) (Mean + SEM, n = 3)

soxhlet extraction, use of heat helps extraction and
including the fact that hexane is a good solvent to
extract oil, whereas expression through compression
using machine which breaks oil cells from rice bran
gives less yield.

Cytotoxic activity
The results of cytotoxic activity screening is

shown in Table 1. Sung Yod rice bran oil from expression
method showed higher cytotoxicity activities than oil
from soxhlet extraction using hexane as solvent. EX
showed the highest inhibition at concentration 100 μg/
ml against prostate cancer cells (PC-3) (84.55%) (IC

50
 =

52.06 μg/ml) and followed by breast cancer cells (MCF-
7) (54.21%), but it had no cytotoxic activity against
lung cancer. However, it showed higher cytotoxicity
against normal lung cells than lung cancer cell. In
addition, EX has selective cytotoxic activity against
only hormone-dependent human cancer cells such as
prostate (PC-3) and breast (MCF-7) cells (72.01 and
80.53%, respectively). SXH also showed highest
cytotoxic activity against prostate cancer, however oil
from SXH promotes cervical cancer and normal lung
cell growth (survival as 110.78 and 126.6%,
respectively). Thus, Sung Yod rice bran oil from
expression should be used for prostate cancer treatment
but it should not be used in lung cancer because it is
toxic against normal lung cells. Oil from SXH should
not be used with cervical cancer cells but it can be
used for lung cancer treatment because SXH has good
inhibitory effect against lung cancer and helps
promoting normal lung cell growth.

There should be further studies on free fatty
acids in Sung Yod rice bran oil from the two extraction
methods because from the previous report, free fatty
acid  from rice bran oil exhibited cytotoxicity against
P388 mouse leukemia cells(21) and against endometrial
adenocarcinoma cells (Sawano)(22).

However, oil from these two methods showed
low cytotoxicity against all types of cancer cells
because % inhibition by these oils is less than 50% at
concentration 100 μg/ml on all cancer cell types. The
benefit of this study is that oil from different extraction
methods showed different cytotoxicity against different
cancer cells. Thus, selecting method for extracting Sung
Yod rice bran oil to use against cancer cell is important.
Since oil from expression method is appropriate for
prostate cancer treatment, while rice bran oil from soxhlet
extraction with hexane is good to promote lung normal
cell growth.

Anti-inflammatory activity
Sung Yod rice bran oils were investigated for

anti-inflammatory activity measured as inhibitory
activities against LPS induced NO production in RAW
264.7 cell lines and measurement of nitrite accumulation
in the culture medium was used to determine NO
production. The nitrite concentration was measured
by Griess reaction. The anti-inflammatory effect of the
two rice bran oils on inhibition of production of
inflammatory mediator macrophages can be mediated
through oxidative degradation of products from
phagocytes. Rice bran oil from Sung Yod by expression
method exhibited the highest inhibitory activity
against NO production with IC

50 
value of 30.09+3.12

μg/ml, where that of SXH was >100 μg/ml (Table 2).
However, they showed less anti-inflammatory effect
than Indomethacin as a positive anti-inflammatory
compound. As the previous studies reported that γ-
oryzanol rich extracts from Thai glutinous purple rice
bran showed high anti-inflammatory activity as
inhibitory effect on NO production. In addition, rice
from northern part of Thailand called GAM BOUNG
exhibited the highest inhibitory effects on NO
production (IC

50
 = 29.32+2.21 μg/ml)(10). In the previous

report, it was rice bran extract, but this is the first time
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Rice extract/ % inhibition at        IC
50

pure compound concentration 50 μg/ml
(Mean + SEM)

EX 67.74+1.22 30.09+3.12
SXH 51.48+5.28 >100
Indomethacin 81.20+1.02 20.01+1.21

Table 2. Anti-inflammatory activity showed as % inhibition
at concentration 50 μg/ml and IC

50 
(μg/ml) by

Griess reaction and MTT assay in mouse
leukaemia macrophage cell lines (RAW 264.7)
(Mean + SEM, n = 3)

Extract % inhibition TEAC FRAP
+ SEM

(mg trolox/g) (mg Fe(II)/g)
+ SEM + SEM

EX 4.02+1.68 20.25+3.84 26.21+1.83
SXH -12.75+2.08 45.14+4.88 63.55+5.69
BHT 62.48+1.23 252.43+5.86 369.36+2.50

Table 3. Percentage inhibition by DPPH method (%
inhibition + SD), TEAC (mg trolox/g) and FRAP
[mgFe(II)/g]

that Sung Yod rice bran oil from different extraction
method is reported. However, oils from the two
extraction methods exhibited anti-inflammatory activity
with no toxic effect against RAW 264.7 cell (%
Cytotoxicity <20 by MTT assay).

Antioxidant activities by DPPH method and FRAP
method

The free-radical scavenging activity of oils
from two extraction methods were evaluated using
DPPH method and FRAP method. The ability to
scavenge DPPH radical by rice bran oil from expression
method was greater than by oil from soxhlet extraction
method. EX gave the highest percentage inhibition by
DPPH method, which was 4.02+1.68% at concentration
100 μg/ml and BHT as 62.48+3.45% (Table 3).
According to other research, it was found that rice
bran extract from Pakistan rice and Hom Mali rice
showed  DPPH free radical-scavenging(23,24). Pakistan
rice can reduce DPPH radical, where the remaining
amount of DPPH radical was 20.6-30.6% at 5 min
after initiating the reaction(24). However, DPPH free-
radical scavenging of oil from two extracts was less
than that from BHT, a synthetic antioxidant, at the same
concentration. Oil of  the two extracts also had less

antioxidant activity than rice bran extract from previous
reports(23,24).

The results from FRAP assay found that SXH
gave the highest TEAC and FRAP i.e. 45.14+4.88 mg
trolox/g and 63.55+5.69 mg Fe(II)/g , respectively, but
none of the extracts were as good as BHT (TEAC is
252.43+5.86 Trolox/g and FRAP is 369.36+2.50
mg Fe(II)/g) (Table 3). However, SXH showed higher
antioxidant activity by FRAP assay than previous
report (63.55 compared to 32.2 mg Fe(II)/g,
respectively)(23).

Total phenolic compound, γγγγγ-oryzanol and vitamin E
content

The total phenolic content of two extracts, as
determined by the Folin-Ciocalteu reagent, SXH gave
higher total phenolic content value than EX (13.04 and
7.52 mg gallic acid eq/g rice bran extract, respectively)
(Table 4). This result corresponds to the previous report,
Hommali rice bran oil by soxhlet extraction with hexane
gave the total phenolic content much more than oil
from the expression method(23). This results of Sung
Yod rice bran oil from two extracts can support the
findings of antioxidant compound from rice bran
extracts from previous studies such as rice bran from
Pakistan(24), defatted rice bran(25), rice from Iran(26), five
long grains of Thailand(19) and rice varieties in
Thailand(27).

The γ-oryzanol content of two oils is shown
in Table 4. EX gives higher content of γ-oryzanol
than SXH (3.09+1.04 and 1.35+1.56 mg/g of extract,
respectively). This result corresponds with the four
previous reports(1,12,19,28). It showed that γ-oryzanol
content in rice bran was very high and that the
expression method gave higher γ-oryzanol content than
that of soxhlet extraction by hexane.

The vitamin E content of two extracts is shown
in Table 4. The content of vitamin E in EX (156+3.04
mg/100 g of extract, respectively) also related with γ-
oryzanol content. EX had higher vitamin E content than
SXH (1.56 and 1.09 mg/g of extract). They correspond
to the previous rice bran reports which found that the
vitamin E content in rice bran oil was very high(3,19).

The present study showed that rice bran oil
from expression method showed higher cytotoxic and
anti-inflammatory activities than that from soxhlet
extraction. Oil from expression also showed higher
γ-oryzanol and vitamin E content than oil from soxhlet
method by hexane but oil from soxhlet extraction by
hexane gives higher total phenolic content and
antioxidant measured by TEAC and FRAP. It is possible
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Extract mg Gallic acid equivalent/g Gamma oryzanol mg/100 g Vitamin E mg/100 g
of extracts + SEM of extracts + SEM of extracts + SEM

EX 7.52+1.29 309+1.04 156+3.04
SXH 13.04+2.54 135+1.56 109+3.28

Table 4. Total phenolic content reported as mg Gallic acid equivalent/g extracts + SD, gamma oryzanol content reported as
mg: 100 g of extracts + SD and vitamin E reported as mg: 100 g of extracts + SD

that oil from SXH has high polarity compounds much
more than oil from expression that is the real oil from
plant oil cells.

This finding is the first report which compare
Sung Yod rice bran oil extracted by the two different
extraction methods. The extraction method to obtain
Sung Yod rice bran oil should be expression method
rather than soxhlet apparatus using hexane which is a
toxic solvent for extraction.  The expression method for
extraction of Sung Yod rice bran oil helps breaking down
oil cells and obtaining real virgin oil therefrom.
However, it gave 7 times less yield than oil from soxhlet
extraction, yet with higher biological activities better
for good health and with higher rice essential
compounds such as antioxidant compounds
(γ-oryzanol and vitamin E).

Conclusion
Sung Yod rice bran oil extracted by expression

or soxhlet extraction method gave percentage yield of
2.16 and 15.23, respectively. EX showed the highest
selective cytotoxicity against prostate cancer cells (PC-
3), exhibited a high anti-inflammatory activity as
inhibitory effects on NO production and antioxidant
activities by DPPH method. SXH showed higher
antioxidant activity by FRAP assay having TEAC and
FRAP values of 45.14 and 63.55 mg Fe(II)/g, respectively.
EX gave the highest gamma oryzanol and vitamin E
content, but SXH had higher total phenolic compound.
This study showed that EX is of greater benefit than
SXH. Oil from expression should be suggested as a
source of natural effective antioxidant compound for
good health.

What is already known on this topic?
Sung Yod rice contains various nutritional

components which is beneficial for good health. So far,
there was no report on biological activity of Sung Yod
rice. In fact, it may have many other benefit on health in
addition to its various nutritional components. Sung
Yod rice bran oil was extracted by expression or soxhlet
extraction method but there was no report on the

different chemical content of oils extracting by these
two different methods.

What this study adds?
The present study showed comparison of the

biological activities and chemical compounds of Sung
Yod rice bran oil from expression with oil obtained by
soxhlet extraction with hexane. This knowledge is the
first report and is new knowledge for consumers who
eat Sung Yod rice bran oil. We found that Sung Yod
rice bran oil from expression showed greater benefit for
good health than oil from soxhlet extraction. However,
the yield of soxhlet extraction is higher than oil from
expression method.
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