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Dephytinisation of rice bran and manufacturing

a new food ingredient

Wea-Shang Fuh and Been-Huang Chiang*

Graduate Institute of Food Science and Technology, National Taiwan University, Taipei, Taiwan

Abstract: Rice bran was extruded at 130°C and a screw speed of 140 rpm for 20s to inactivate lipase and
prevent lipid oxidation. Although the extrusion process induced further complex formation between
phytic acid and protein as well as between phytic acid and starch, nearly 94% of phytic acid in the
extruded rice bran could still be removed by solid/liquid extraction conducted at 25 °C for 30 min using
hydrochloric acid at pH 2 as solvent and a solvent/rice bran ratio of 15. After the extract had been
neutralised and phytic acid removed, it was added back to the rice bran solid to replenish the
nutritional and functional components of the solid. The mixture was then dried in a drum dryer to yield
a powdered product. The dephytinised rice bran product contained most of the protein, fat, dietary
fibre and B vitamins and more than 50% of the oryzanol originally present in the raw rice bran.
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INTRODUCTION

During milling processes, approximately 20% of rough
rice is milled off as shell, and then another 10% as rice
bran to yield milled rice. Rice bran, containing 34—
62% starch, 15-22% oil, 11-15% protein, 24-29%
dietary fibre and 6.6-9.9% minerals,’ is a potential
source of nutritious food ingredient. The protein in
rice bran has a PER value of 1.99-2.38, which is close
to that of casein.?? Rice bran oil consists of 77-82%
unsaturated fatty acids. Its constituents are similar to
those of peanut oil and are relatively stable.! Crude
rice oil contains ca 4.2% unsaponifiable lipids, higher
than other fats. These lipids are able to increase the
excretion of bile acid and neutral steroids and to
decrease the quantity of cholesterol both in blood
serum and in the liver.*” Rice bran oil also contains
vitamin E®° and oryzanol,'® both potent antioxidants.
In addition to its antioxidative activity, oryzanol can
decrease plasma cholesterol,'! facilitate blood circula-
tion and stimulate hormone secretion.'® Rice bran is a
good source of dietary fibre and is as effective as wheat
bran in acting as a bulking agent and decreasing faecal
transit time. Aoe et al'? conducted experiments on rats
and found a reduction of cholesterol in serum when
dispensed with an alkaline extract of the water-soluble
fibres of rice bran. Ito et al'’ demonstrated an
inhibition of tumour growth by non-starch polysac-
charides extracted from rice bran with hot water.

As in other cereals, phytate is also present in rice
bran. At indigenous pH, phytic acid is negatively
charged and therefore reacts easily with positively
charged substances. Consequently, phytic acid is often
found in food as water-insoluble complexes, asso-

ciated with metal cations, protein and starch, and
considered a negative factor affecting the bioavail-
ability of many essential elements in foods.'®!’
Therefore removing phytate from rice bran before
human consumption is essential.

Removal of phytic acid from legumes and cereals
can be done by extraction with water or acidic
solvents.'®!® Dephytinisation can also be achieved
by hydrolysis of the phytate by endogenous phy-
tase'®'°?2 or by application of microbial en-
zymes.'*?*> However, little information is available
concerning the effect of dephytinisation on the
nutritional composition of the substances being
treated.

Most rice bran is currently used for livestock feed or
is discarded, and only a small proportion of it is used
for oil extraction. However, rice bran is a source of
many nutrients and health-promoting elements. It
would be highly desirable to convert it to a high-value
food ingredient. This study was conducted to develop
a proper procedure for manufacturing a nutritious and
health-promoting food ingredient from rice bran. The
process includes rice bran stabilisation, phytic acid
extraction and product formation.

MATERIALS AND METHODS

Materials

Rice bran of ‘Perng-Lai’ variety, supplied by Kuo-
Guang Co (Taipei, Taiwan), was packed in poly-
ethylene bags and stored at —20°C before use.
Sulphuric acid, hydrochloric acid and formic acid
were obtained from Riedel-de Haen Co (Seelze,
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Germany). Iso-octane and methanol were purchased
from Mallinckrodt Baker, Inc (Paris, Kentucky, USA).
Ethyl acetate was obtained from Romil Chem Ltd
(Leics, UK). Tetrabutylammonium hydroxide,
sodium hydroxide and sodium acetate were purchased
from Merck Co (Darmstadt, Germany). Hexane was
purchased from Alps Chemical (Taipei, Taiwan). L-
Ascorbic acid, cellulase (EC 3.2.1.4), a-amylase (EC
3.2.1.1), protease (EC 3.4.24.4), papain (EC
3.4.22.2), inositol hexaphosphate, vitamin B,, vitamin
B, and niacin (vitamin B;) were purchased from Sigma
Chemical Co (St Louis, MO, USA). r-Oryzanol was
obtained from Wako Pure Chem Co Ltd (Osaka,

Japan).

Extrusion process

A co-rotating twin-screw extruder (model BC-45;
Clextral Co, Firminy Cedex, France) was used for
processing the raw rice bran. The extruder screw shaft
was 100 cm in length. Twelve screw elements, includ-
ing four 50 x 15 (length (mm) x pitch (mm)), two
50 x 25, one 100 x 25, two 100 x 35, two 100 x 50 and
one 200 x 50, were installed. The die was composed of
a single circular opening 1.1cm in diameter. The
screw was housed in a barrel equipped with an
induction heater and a jacket with a circulating cooling
water system to control the barrel temperature.
Extrusions were carried out at screw speeds ranging
from 9 to 250rpm, barrel temperatures from 120 to
140°C and feed rates from 1.04 to 3.54kgmin .
Under these experimental conditions the residence
time of the rice bran in the extruder ranged from 12 to
300s.

Extraction of phytic acid
Phytic acid in the rice bran was extracted with
hydrochloric acid solution. The pH of the solvent
ranged from 1 to 6, the rice bran/solvent ratio from 1:5
to 1:25, the extraction temperature from 25 to 55°C
and the extraction time from 1 to 5h. Both the
extractability of phytic acid and the purity of the phytic
acid in the extract were investigated. The extractability
(%) of phytic acid was calculated by dividing the
amount of phytic acid in the extract by the amount in
the rice bran. The purity of the phytic acid in the
extract was the ratio of the phytic acid concentration to
the total solid concentration of the extract.
Extraction of phytic acid was also conducted after
enzyme treatment to investigate the possibility of com-
plex formation between phytic acid and other compo-
nents in the rice bran due to extrusion. Rice bran was
extruded at 130°C for 20s. Samples of the extruded
rice bran (1g each) were placed in 125ml flasks with
15ml of acetate buffers of various pH values (pH 5 for
cellulase, pH 7.5 for protease, pH 6.9 for a-amylase)
and 150mg of the enzyme used. The mixtures were
allowed to react at the optimal temperatures of the
enzymes (37°C for cellulase and protease, 25°C for
a-amylase) for 2h before being extracted with hydro-
chloric acid (pH 2) at 25°C for 30 min.
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Manufacture of rice bran product

After extraction the required amount of 3mM NaOH
solution was added to the extract to precipitate the
phytic acid. The solution was then filtered to remove
the precipitate. The filtrate, which contained the
soluble portion of rice bran, was added back to the
dephytinised rice bran solid to replenish the nutrients
and functional components. The solid/liquid mixture
was dehydrated in a drum dryer (Luh-Hae Mechanical
Co, Taipei, Taiwan). The gap between the two drums
of the dryer was set at 0.5cm. The rotation speed of
the drum was 52scycle ! and the surface temperature
of the drum was 1254+5°C. Flakes produced from
drum drying were ground with a cutter/grinder to
obtain a powdered product containing 10% moisture.

Analytical methods

Moisture content of the sample was determined by
drying at 105°C to constant weight.?* Crude protein
was measured by the improved Kjeldahl method, and
crude fat by the Soxhlet method.?* For ash content
determination a 3-5g sample was placed in a shallow
and relatively broad ashing dish (which had previously
been ignited, cooled in a desiccator and weighed soon
after reaching room temperature), ignited in furnace at
ca 550°C until light grey ash resulted, or to constant
weight (ca 8h), then cooled in a desiccator and
weighed soon after reaching room temperature.®*
The soluble and insoluble dietary fibre was deter-
mined following the method of Prosky ez al. >> After
the sample had been treated with a-amylase, protease
and amyloglucosidase, the mixture was filtered. The
insoluble dietary fibre (IDF) residue was dried and
weighed, while the filtrate was transferred to a 600 ml
beaker and mixed with four volumes of 95% ethanol.
The mixture was filtered and the residue (soluble
fibre) was dried and weighed (SDF). After corrections
for ash and protein had been made, values of SDF and
IDF were obtained.

Acid value was analysed by first mixing 5g of sample
with 50ml of ether solution in a 125ml flask. After
homogenisation of the mixture and addition of 0.3 ml
of phenolphthalein as indicator, the solution was
titrated with 0.05m KOH until a faint pink colour
appeared and persisted for at least 30s. Acid value =ml
KOH solution xmolarity of KOHx2x56.1g""
sample.?* For phytic acid determination, 1g of sample
was extracted with 20ml of 0.5 M HCI for 30 min. The
phytic acid was separated from the crude extract in an
anion exchanger (model AGI-X8, 200-300 mesh; Bio-
Rad Co, Hercules, CA, USA) and analysed by high-
performance liquid chromatography (HPLC) using
0.05M formic acid/methanol (49:50) solution and
1.5% tetrabutylammonium hydroxide as the mobile
phase.?® The inositol phosphates were separated using
a LiChrospher 100 RP-18 column (4mm x 250 mm,
5um; Merck Co) and detected by a refractive index
detector (model RI-930; Jasco, Japan). Inositol hexa-
phosphate (Sigma Chemical Co) was used as an
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external standard to quantify the amount of phytate in
the sample.

The analysis for oryzanol in rice bran was based on
that reported by Shin ez al. >’ A 0.5 g sample was mixed
with 5ml of ethanol and 0.1g of ascorbic acid and
heated in an 80 °C water bath for 10 min. The mixture
was then saponified by adding 0.15ml of 80% KOH
and heated at 80°C for 15min. The reaction was
terminated by cooling in an ice bath, after which 3 ml
of water and 5ml of hexane were added. After
centrifugation (120 x g for 1 min) the upper layer was
transferred to a 125 ml separatory funnel. Extraction of
the sample with 5ml of hexane was repeated twice.
The pooled hexane extracts were washed three times
with 5ml of water, dehydrated by anhydrous Na,SO,
and then blown by a current of high-purity nitrogen.
The crude oil sample was diluted with 1ml of
iso-octane and analysed by HPLC using iso-octane/
ethyl acetate/acetic acid/2,2-dimethoxypropane
(98.15:0.9:0.85:0.1) as the mobile phase. The separa-
tion was performed on a Supelcosil® LC-Si column
(4.6mm x 150mm, 5um; Supelco, Bellefonte, PA,
USA) and detected by a UV detector (model UV-970;
Jasco) at a wavelength of 295nm. The mobile phase
was pumped at 1.6ml min~! for the first 9min and at
2.4mlmin~"' for the next 7min. An external standard
prepared by dissolving r-oryzanol (Wako Pure Chem
Co Ltd) in the mobile phase was used for the analysis.

Vitamins B,, B, and B; (niacin) in the sample were
determined based on the method reported by Toma
and Tabekhia.?® A 5g sample was mixed with 50ml of
0.05M sulphuric acid and heated at 121 °C for 30 min
in a retort. After cooling, the pH of the sample was
adjusted to 4.5 using 2M sodium acetate. The starch
and protein in the sample were then hydrolysed by
adding 0.5% (w/v) a-amylase and 1% (w/v) papain and
incubating at 35 °C overnight. The sample was diluted
with deionised water, filtered through a 0.45 um filter
(Whatman International Ltd, Maidstone, UK) and
analysed by HPLC. The HPLC system was equipped
with a LiChrospher 100 RP-18 column (4mm X
250mm, 5 um; Merck Co) and a UV detector (model
UV-970; JASCO) set at a wavelength of 254nm. The
mobile phase, pumped at a rate of 0.8 ml min—’, was
composed of 1000ml of methanol/water/glacial acetic
acid (39:60:1) together with 20ml each of PIC-B5 and
PIC-B7 (Waters Co, Milford, MA, USA).

Minerals contents were analysed by inductively
coupled plasma atomic emission spectrometry (ICP-
AES) (model ICAP 9000; Jarrell-Ash, USA). Samples
of 0.2 gwere mixed with 1 ml of concentrated nitric acid
(65%) and digested at 180°C for 4h in a closed
container. The digested samples were then diluted with
250 ml of deionised water and analysed by ICP-AES.

Statistical analysis

One-way analysis of variance (ANOVA) was con-
ducted using the SAS package (SAS Institute Inc,
Cary, NC, USA). Duncan’s multiple-range test was
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used to determine significant differences between
treatments.

RESULTS AND DISCUSSION

Stabilisation process

Rice bran, containing up to 22% oil, is a very unstable
material, because its oil can increase in free fatty acids
from the 2-3% typical in freshly milled rice bran to as
much as 10% within a single day.?® Extrusion is a
common method used for stabilising rice bran.?°!
The process inactivates the lipase in rice bran,
preventing lipids from hydrolysis during storage.>?
Extrusion can also convert the powdered rice bran to a
pellet-type product which disperses more easily in the
solvent during extraction, thus facilitating the phytic
acid removal process. However, phytic acid may form
complexes with starch or proteins in the rice bran.’?
Extrusion cooking may enhance this complex forma-
tion and thus hinder the subsequent phytic acid
removal process. Therefore the effects of extrusion
on both the storage stability and phytic acid extrac-
tability of rice bran were investigated in this study.

It was found that rice bran extruded at a tempera-
ture above 130 °C for more than 20s could be stored at
room temperature (25 °C) for at least 20 days without
showing significant changes in acid value (Fig 1),
suggesting that this process condition could inactive
lipase and prevent fat from hydrolysis. The high
temperature and pressure of the extrusion process
also led to a sudden pressure drop when the rice bran
emerged from the die, causing rapid vaporisation of
water. Consequently, the water content of the rice
bran after extrusion was reduced from 11 to 7%. The
dehydration effect of extrusion also improved the
storage stability of rice bran.

Phytic acid in the extruded rice bran was extracted
with hydrochloric acid solution at pH 2 at room
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Figure 1. Effect of extrusion temperature and time on the acid value of rice
bran after storage at 25°C for 20 days.
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temperature. The extractability of phytic acid was
evidently affected by the extrusion (Table 1). The
extractability of phytic acid from raw rice bran was
77.6%. The extrusion process reduced the extractabi-
lity to a value ranging from 53.3 to 66.2%, depending
on the extrusion conditions. It was suspected that
phytic acid had more chance to form complexes with
protein, starch or fibre when it was under high
temperature and mechanical stress, thus reducing its
solubility in the hydrochloric acid solution. To confirm
this hypothesis, the extruded rice bran was treated
with protease, cellulase or «a-amylase before phytic acid
extraction. It appeared that hydrolysing the protein or
starch in the extruded rice bran by protease or o-
amylase did release phytic acid from binding with
these macromolecules, and increased extractability
significantly (p <0.05). However, extractability of
phytic acid was not affected by cellulase treatment,
suggesting that extrusion might not induce binding
between phytic acid and cellulose or hemicellulose
(Table 1).

Residence time, the duration that the rice bran
stayed in the extruder during the process, ranging from
20 to 180s, did not have any significant effect on the
extractability of phytic acid (p >0.05), as shown in Fig
2. To obtain the highest processing efficiency, the
shortest processing time (ie 20s), corresponding to a
screw speed of 140 rpm, should be used for stabilising
the rice bran. In addition, the rice bran processed at
130°C or above had a higher phytic acid extractability
than that processed at lower temperatures (120 and

Phytic acid Extractability (%)

45 T ] T T T 1
0 50 100 150 200 250 300
Residence Time (s)

Figure 2. Extractability of phytic acid from rice bran extruded at various
temperatures and residence times.

125°C). Considering both the rice bran storage
stability and the phytic acid extractability, extrusion
of rice bran was decided to be performed at 130°C for
20s.

Dephytinisation of rice bran
The phytic acid content of the rice bran used in this
study was analysed by HPLC and found to be ca 9.3%.

Table 1. Effect of enzyme treatment on the extractability of phytic acid from extruded rice bran by hydrochloric acid solution®®

Extrusion conditions

Extractability (%)

1422

Temperature  Residence  Extraction without  Extraction after 1%  Extraction after 1%  Extraction after 1%
(°C) time (s) enzyme treatment  cellulase treatment  protease treatment  amylase treatment
120 20 54.9b(ED) 55.5b 84.0a 89.9a
120 30 56.3b(BCDE) 51.7b 75.4a 76.1a
120 60 54.1b(DE) 56.4b 64.0a 71.0a
120 180 53.3b(E) 55.2b 66.7a 65.8a
125 20 59.4b(ABCDE) 62.6b 87.8a 85.3a
125 30 58.6b(ABCDE) 56.3b 83.7a 78.5a
125 60 60.1b(ABCDE) 68.9a 74.7a 69.0a
125 180 55.9¢c(CDE) 64.6b 71.5ab 62.4bc
130 20 66.2b(A) 67.0b 87.0a 72.1a
130 30 65.0b(A) 63.2b 81.3a 77.2a
130 60 65.1b(A) 64.2b 74.9a 66.0b
130 180 64.4a(AB) 62.7a 68.6a 64.6a
135 20 64.5b(AB) 66.9b 81.5a 78.4a
135 30 65.7b(A) 61.8b 77.8a 75.5a
135 60 64.4ab(AB) 58.2b 68.3ab 73.4a
135 180 63.5b(ABC) 62.4b 66.1ab 68.7a
140 20 64.4c(AB) 64.4c 95.7a 80.3b
140 30 63.5b(ABC) 59.5b 79.6a 80.8a
140 60 63.8b(ABC) 61.8b 81.6a 66.1b
140 180 63.1b(ABCD) 64.2b 71.3a 65.8b

2 The extraction was carried out at 25°C for 30min using hydrochloric acid solution at pH 2 as solvent.

P The extractability of phytic acid from raw rice bran averaged 77.6+1.4%.

Means within the same row followed by different lower-case letters are significantly different (p <0.05).

Means within the same column followed by different upper-case letters are significantly different (p <0.05).
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Figure 3. Effect of extraction temperature, time and solvent pH on the
extractability of phytic acid from raw rice bran.

The effect of extraction temperature and time on the
extractability of phytic acid from raw rice bran was
investigated at 25, 40 and 55°C for 1, 3 and 5h using
HCI solutions of various pH values (1-6) as solvent,
and the rice bran/solvent ratio was set at 1:5. As the pH
of the extracting solvent increased, the phytic acid
removal rate decreased (Fig 3). Moreover, when the
pH of the extracting solvent used was above 4, the
mixture of solvent and solid became difficult to filter.
It was suspected that degradation of macromolecules,
such as starch, might occur at high pH, and the small
degraded particles in the mixture tended to foul the
filter paper and obstruct the filtration process.
Increasing the extraction temperature and time would
further aggravate the filtration difficulty.

Raising the extraction temperature not only de-
creased the extraction rate of phytic acid but also
darkened the colour of the rice bran and yielded an
unpleasant odour, particularly at a pH above 4. This
suggests that when the rice bran was exposed to a weak
acidic environment and high temperature, undesired
chemical reactions occurred, damaging its quality. Fig
3 also shows that increasing the extraction time from 1
to 5h did not exert any significant effect on the phytic
acid extraction rate. Therefore it was concluded that
the phytic acid removal process should be conducted
at a relatively lower temperature and shorter time. Fig
4 shows the phytic acid removal rate and the purity of
the extract when the extraction was carried out at
25°C for 0.5, 1 and 1.5h at various pH values. The
extraction conducted at pH 2 for 30 min removed ca
65% of phytic acid, and the purity of the phytic acid in
the extract was the highest among the other pH values
tested (ca 34%).
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Figure 4. Effect of solvent pH and extraction time on the extractability of
phytic acid and the purity of phytic acid in the extract. Extraction was
conducted at 25°C and the solvent/rice bran ratio was 5.

The phytic acid removal rate was also influenced by
the solvent/rice bran ratio during extraction. Increas-
ing the solvent/rice bran ratio, in general, increased the
amount of phytic acid removed (Fig 5). However, the
extractability reached a plateau and the purity of the
phytic acid in the extract decreased dramatically when
the solvent/rice bran ratio exceeded 15. To reduce the
difficulty in separating and purifying phytic acid from
the extract, the phytic acid removal process should use
an HCI solution of pH 2 as solvent and should be
carried out at 25 °C for 30 min using a solvent/rice bran
ratio of 15. Under these conditions, nearly 94% of
phytic acid in the rice bran could be removed, and the
extract contained 30.5% of phytic acid, which can be
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Figure 5. Effect of solvent/rice bran ratio on the extractability of phytic acid
and the purity of phytic acid in the extract. Extraction was conducted at
25°C for 30min.
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Rice Extruded rice bran Dephytinised and

Component bran (130°C, 20s) drum-dried rice bran
Crude protein (% Nx5.95) (gkg™") 137.5a 139.5a 135.2b
Crude fat (gkg™") 180.4a 188.7a 178.1b
Crude fiber (gkg™") 46.0a 49.6a 42.8a
Ash (gkg™) 81.0ab 80.8a 78.1b
Phytic acid (gkg™") 93.1a 92.4a 5.5b
Niacin (mgkg™") 767.7a 761.2a 746.2a
Vitamin B, (mg kg™") 1.8a 1.6b 1.5¢
Vitamin B, (mg kg™ ") 26.7a 25.2b 25.2b
Oryzanol (gkg™") 5.2a 5.0a 2.7b
IDF (gkg™") 245.0b 254.3a 238.6¢c
SDF (gkg™") 55.3a 50.3b 43.7¢c
Phosphorus (g kg™") 16.0a 16.2a 0.3b
Potassium (g kg™ ") 6.9a 6.5a 0.4b
Magnesium (g kg™") 6.9a 6.5a 0.2b
Sodium (mg kg™ ") 155.6b 140.3b 254.3a

Table 2. Changes in nutritional and Calcium (mg kg*1) 577 .2a 575.5a 40.4b

some functional components of rice
bran after extrusion, dephytinisation
and drum drying

further purified and used as a valuable ingredient for
biochemical processes.

Nutritional properties of rice bran product

Table 2 shows the changes in the nutritional and
functional components in the rice bran during
processing. Most of these nutritional components in
the rice bran were not damaged by the high-
temperature/short-time extrusion process. However,
vitamin B, was sensitive to the stabilisation process.
Approximately 8% of riboflavin decomposed owing to
extrusion. Extrusion also caused an approximately 5%
thiamin loss. Since nicotinic acid and oryzanol are
relatively stable to heat,'®>* their concentrations were
not significantly lower after extrusion (p>0.05). The
dephytinsation step removed nearly 95% of phytic
acid, but caused less than 6% reduction of the major
components in the extruded rice bran. The oryzanol,
however, was relatively unstable. Approximately 50%
of oryzanol in the rice bran disappeared during
dephytinisation and drum drying.

Rice bran contained 5.5% soluble dietary fibre
(SDF) and 24.5% insoluble dietary fibre (IDF). The
soluble portion of dietary fibre in rice bran, primarily
composed of a-1,6-glucan, has been proven capable of
lowering serum cholesterol'” and inhibiting the growth
of cancer cells in rats.'®> However, nearly 10% of SDF
was lost during extrusion, and another 13% was lost
after phytic acid extraction and drum drying. The IDF
increased slightly (ca 4%) during extrusion, possibly
owing to the conversion of SDF to IDF and of starch
to resistant starch. Englyst er al> also found that
resistant starch was formed during the manufacture of
cornflakes. Dephytinisation of rice bran by acid
extraction, however, might have degraded part of the
IDF, and the overall processes only caused minor IDF
reduction (ca 2%).

1424

IDF, insoluble dietary fibre; SDF, soluble dietary fibre.
Means within the same row followed by different letters are significantly different (p <0.05).

Another concern of this investigation was the
mineral content in the product. It was found that
most of the major minerals, including phosphorus (P),
potassium (K), magnesium (Mg) and calcium (Ca),
originally present in the rice bran were lost during
processing. The minerals were most likely chelated
with phytic acid and removed from the rice bran
during dephytinisation. The sodium content in the
product, however, increased after processing. When
the extruded rice bran was extracted for phytic acid
with HCI solution, neutralisation of the extract with
NaOH was necessary to precipitate phytate, and this
step unavoidably added sodium ion to the product.
Although part of the sodium would also be removed
along with phytic acid, the neutralisation step still
increased the sodium content in the product.

CONCLUSION

Rice bran was extruded at 130°C and 140 rpm for 20s
with a twin-screw extruder to inactivate lipase and
retard hydrolytic rancidity during storage. The above
process condition induced a minimum amount of
complex formation between phytic acid and protein as
well as between phytic acid and starch, thus the phytic
acid in the extruded rice bran could still be efficiently
removed by solid/liquid extraction using hydrochloric
acid solution at pH 2 as solvent and conducted at
25°C for 30min. After the phytic acid had been
precipitated and removed and the extract added back
to the rice bran, the mixture could be dried using a
drum dryer to manufacture a powdered product.
Although insufficient in minerals, this rice bran
product contains most of the other health-promoting
components in the raw rice bran, but only a minor
amount of phytic acid. Therefore it can be used as a
new food ingredient.

F Sci Food Agric 81:1419-1425 (online: 2001)
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