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Protein Extraction from Heat-Stabilized Defatted Rice Bran. 1.
Physical Processing and Enzyme Treatments
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Physical processing with or without enzyme treatments on protein extraction from heat-stabilized
defatted rice bran (HDRB) was evaluated. Freeze—thaw, sonication, high-speed blending, and high-
pressure methods extracted 12%, 15%, 16%, and 11% protein, respectively. Sonication (0—100%,
750 W), followed by amylase and combined amylase and protease treatments, extracted 25.6—
33.9% and 54.0—57.8% protein, respectively. Blending followed by amylase and protease treatment
extracted 5.0% more protein than the nonblended enzymatic treatments. High-pressure treatments,
0—800 MPa, with water or amylase—protease combinations, extracted 10.5—11.1% or 61.8—66.6%
protein, respectively. These results suggest that physical processing in combination with enzyme
treatments can be effective in extracting protein from HDRB.
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INTRODUCTION Sonication can break the cell walls and molecular bonds through
Rice Oryza santia L) bran is an underutilized milling the effects of the high temperature and its shock waves causing
coproduct of rough rice. In 2000, approximately 190.9 million cavitational collapse of the bubble generated from ultrasound.
cwt of rough rice was produced in the United States, resulting 't Was used to aid in forage protein extractid¢nd to enhance
in about 19.1 million cwt of rice branij. Rice bran contains ~ Wheat flour protein extractions1Q, 11). The freezethaw
12-20% protein, which has unique nutritional value and Process was used to disrupt yeast cell walls to extract protein
nutraceutical propertie€). Rice bran protein is a high-quality ~ (12 13). High pressure can break the cells and release bound
protein @) and is a hypoallergenic food ingredient that may be Protein. Cunningham et all1g) used this technique for yeast
useful in infant formulations4). Rice bran protein also has been Protein extraction. High-speed blending also has been reported
reported to have anti-cancer activit)( to enhance protein extraction from alkali-treated single céfs (
Although the nutraceutical potential of rice bran is recognized SOyPean 15, 16), and chicken bone residues7]. Physical
(6), rice bran protein concentrate and rice bran protein isolate techniques are easier to adapt for use in industry and also can
from heat-stabilized defatted rice bran are not commercially be more economical than other techniques. There is no literature
produced. This is due to the lack of a commercially feasible Information about the use of these physical techniques for
extraction method for the complex nature of protein in rice bran. €xtraction of rice bran protein. _
Rice bran proteins contain 37% albumin, 36% globulin, 22%  ®-Amylase hydrolyzes then-1,4-linkage of starch and
glutelin, and 5% prolamin7). In addition to this, rice bran produces free glucose and dextrose. This process can liberate
contains 1.7% phytic acid and 12% fib@) ¢hat are extensively starch-bOL_l_nd proteins and aid in the extraction b_y increasing
bound to proteinsg) and make it very difficult to isolate the ~ the solubility of unbound proteins. Protease P is an endo-
protein bodies from these components. Heat stabilization to Protease ano! selectively breaks the peptide bonds from the inside
inactivate lipase and lipoxygenase in rice bran further enhances®f the protein molecule. Protease can hydrolyze proteins to
the bonding of proteins to carbohydrates and other componentsPePtides and makes the proteins more soluble for extraction.
and makes protein extraction more difficult. Hamada 18, 19) reported that protease could significantly
Physical processing can disrupt the cell wall, thus providing ncrease protein extraction from non-defatted rice bran.
a suitable environment for enzymatic catalysis or increasing the 1€ objective of this research was to evaluate the effects of
protein solubility. freeze-thaw, sonication, high-pressure, and high-speed blending
Sonication, freezethaw, and high pressure are the common with or without carbohydrase/protease treatments on protein
methods used to disrupt and extract cell wall components. extraction from heat-stabilized defatted rice bran.
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amylase (110 000 units/g) and protease P (66 000 units/g) were obtainedrap|e 1. Effect of Freeze~Thaw, Sonication, and Amylase Treatments

from Amano Pharmaceutical Co. Ltd., Nagoya, Japan. All other on protein Extraction from Heat-Stabilized Defatted Rice Bran
chemical reagents were of analytical grade and purchased from Fisher

Scientific Co., Pittsburgh, PA. treatment type? extracted protein, %
Freeze-Thaw and Sonication. Three sets of experiments were RB 11.7f

performed to test the effectiveness of freetleaw and sonication RB + A 37.3d

processing on protein extraction from rice bran. In experiment 1, RB +F 12.0f

freeze-thaw, sonication, and amylase were arranged inxa2 x 2 RB+F+A 41.5¢

factorial design with triplicate samples for each treatment combination. RB+F+S 14.3e

Ten grams of heat-stabilized defatted rice bran was mixed with RB+F+S+A 44.5b

deionized water in a 1:10 ratio (w/v) (the 1:10 ratio gave the maximum RB+S 15.0e

amount of protein extracted; the ratios evaluated ranged from 1:4 to RB+S+A 41.5¢

1:20) in a 400-mL Pyrex glass beaker, subjected to fretézaw or RB+S+A+P 56.2a

not, combined with or without sonication for 5 min, with the setting at SEM 0.3

20% output on a Branson Sonifier 450 (750 W, Danbury, CT), in an P value <0.0001

ice—water bath to reduce the slurry temperature, and then treated with

or without amylase. For the combination treatment of freghaw and aRB, rice bran: A, amylase; P, protease; F, freeze (16 h) and thawed: S,

sonication, rice bran was initially subjected to freezieaw and then sonication for 5 min with 20% output of 750 W. ® Data are the means of triplicate
sonicated. Following physical treatments, 0 or 22 000 units of amylase samples with two determinations.
was added to the slurries. The slurries were incubated &€46r 3.5

h at 200 rpm in a Micro-Environ shaker (Lab-line Instrument Inc., protease; (4) residue from amylase resuspended in water and treated
Melrose Park, FL) and centrifuged for 20 min at 1§00 a Beckman with protease (1:10, w/v); (5) soaked (16 h) and blended (5 min); (6)
centrifu_ge _(FuIIerton, CA). The supernatants were used for protein gggked (16 h), blended (5 min), and added 22 000 units of amylase;
determination. (7) blended (5 min) and added 6600 units of protease; and (8) blended,
In experiment 2, sonication in combination with 22 000 units of treated with amylase (22 000 units) treated, and re-suspended the residue
amylase and 12 000 units of protease was used to evaluate proteinfrom amylase treatment and treated with protease (6600 units). The
extraction. The conditions used were as follow: enzyme, 22 000 units; conditions for amylase and protease treatments were the same as
pH, 6.5; temperature, 4%; time, 3.5 h; and bran-to-water ratio, 1:10.  described earlier. Proteins were determined from all supernatants.
These conditions were based on information provided by the enzyme  High Pressure. Pressure treatment was achieved using an ABB
supplier and our previous studies. The samples were analyzed inQuintus Food Processor QFP-6 cold isostatic press (ABB Flow-Pressure
triplicate. In the control, rice bran was mixed with deionized water in - Systems, Kent, WA) at The Ohio State University. A mixture of 1
a 1:10 ratio. The treatments included slurries sonicated at 20% OUtpUtpart rice bran and 3 parts deionized water was prechilled and treated
of 750 W energy for 5 min, followed by 22 000 units of amylase. at four levels of pressure, 0, 200, 500, and 800 MPa, at@%or 5
Subsequently, the residues of amylase treatment were treated withmin. Duplicate samples were used for each treatment. For control, high-

12 000 units of protease P and incubated in a shaker &€30r 2 h pressure-treated slurries were made up to a 1:10 rice bran:water ratio
at 200 rpm. The slurries were centrifuged at 1gdor 20 min. and shaken at 200 rpm at room temperature for 3 h. For enzyme
Supernatants were used for protein determination. The control consistetireatments, 40 g of pressure-treated slurry was mixed with 60 g of

of rice bran and water (1:10, w/v). deionized water. Amylase (22 000 units) was added, and the mixure

In experiment 3, five different levels of energy output of sonication was shaken in a Micro-Environ shaker at 200 rpm and@5or 3 h.
with three replications were analyzed for protein extraction. Ten grams For further extraction, the residue was mixed with 100 g of deionized
of rice bran was mixed with 100 mL of deionized water in a glass water, followed by 6600 units of protease P. Supernatants from amylase
beaker, stirred for 5 min, and soaked for 30 min. These slurries were and protease extractions were separately collected, and protein contents
subjected to 0, 20, 40, 80, or 100% of the energy output from the were determined.
sonicator (750 W) for 5 min in an icewater bath. To each slurry was Determination of Protein and Protein Extractability. Protein
added 22 000 units of amylase, and the slurry was incubated for 3 h. contents in rice bran and rice bran supernatants were determined by
These slurries were centrifuged at 130€r 20 min, and the  the standard Kjeldahl metho@@). The Kjeldahl Digestion System 6
supernatants were collected. The residues were homogeneously mixedor sample digestion and KjelTech Analyzer 2000 system (Tecator Co.,
in a beaker with 100 mL of water and were further treated with protease Hoganas, Sweden) were used for determination of nitrogen. The
(12 000 units) and incubatedrf@ h at 50°C and 200 rpm in Micro- nitrogen conversion factor for protein was 5.98) Protein content
Environ shaker. The slurries were centrifuged for 20 min at 100  and protein extractability were calculated as follows:
and the supernatants were collected. These supernatants were used for
prot-ein determinatior.]_ . protein (%)= vol of HCI x 'N of HCI x 14.4 x 5.95>< 100%
High-Speed Blending.Two experiments were conducted to evaluate weight of sample
the effectiveness of high-speed blending on protein extraction from
HDRB. In the first experiment, three treatments with triplicate samples €xtracted protein (%F
were included. Thirty grams of rice bran was mixed with 300 g of protein in supernatant enzyme proteinX 100%
water as a control. Another 30 g of rice bran was mixed with 300 mL protein in rice bran
of deionized water and soaked for 16 h. This slurry was blended for 5
min in an Ostenrizer (Sunbeam Products Inc., Boca Raton, FL) 12-  Statistical Analysis.Analysis of variance of variables via ANOVA
speed blender set on masiguefied and was centrifuged at 1190  Was performed using the JMP 4.02 software package The Tukey-
for 20 min to obtain supernatants. In the third treatment, rice bran Kramer HSD testR = 0.05) was used to compare treatment means. A
samples were blended once and centrifuged at 10020 min, and probability of 5% was chosen as the significance level.
then their residues were blended again with 300 mL of deionized water
for further extraction. The supernatants were collected and combined RESULTS AND DISCUSSION

with the first extraction. Protein contents were determined from the . L .
combined supernatants. Protein Extracted by Freeze-Thaw and Sonication with

In the second experiment, high-speed blending, amylase, and proteasé)r without Amylase' a”?' Protease Treatments.The results
treatments were arranged in @22 x 2 factorial design to evaluate ~ Of freeze-thaw, sonication, and amylase treatments alone and

their effects on protein extraction. The following eight treatments were N Combir_‘aﬁons from experiments 1 and 2 are ShOW_ﬁE_ime
conducted in triplicate with rice bran in water (1:10, w/v): (1) control 1. Deionized water (control) extracted 11.7% protein from
with no treatment; (2) 22 000 units of amylase; (3) 6600 units of HDRB. The freezethaw treatment extracted 12.0% protein,
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Table 2. Effect of Sonication Energy Levels with Amylase and 18 1
Protease Treatments on Protein Extraction from Heat-Stabilized 16
Defatted Rice Bran 14 4
=
- 12 -
extracted protein,%? E 10
= 104
energy settings (750 W) H,0 amylase protease total g g4
control 9.5b 2770 285a 56.2a £ 6l
output 20 9.9b 26.4bc 27.7a 54.0a W,
output 40 10.0b 25.6¢ 28.6a 54.2a
output 80 11.4b 29.3b 27.9a 57.1a 21
output 100 13.5a 33.9a 23.9a 57.8a 04
SEM 0.2 07 12 0.1 Control 8 B
P value <00001  <0.0001 00876 09814 Treatment
Figure 1. Effect of high-speed blending on protein extraction from heat-
a Data are means of triplicate samples with two determinations. Values followed stabilized defatted rice bran. B: soaking and homogenizing. B++: soaking
by different letters in the same column are significantly different (P < 0.05). and homogenizing twice.

Table 3. Effect of High-Speed Blending, Amylase, and Protease

which was n ignificantly different from th ntraP (> ; . " .
¢ as not significantly different from the contrdP ( Treatments on Protein Extraction from Heat-Stabilized Defatted Rice

0.05). Protein extractability significantly increased from 11.7

to 15% P < 0.05) when rice bran was subjected to sonication Bran

at 20% output of 750 W for 5 min. Freez¢haw combined treatment type? protein extractability, %2
with 5-min sonication at 20% energy output extracted 14.3% RB 9.89
protein, which was significantly higher than the contrBl € RB+A 28.1f

0.05). The addition of amylase to control, freezbaw, soni- RB+P 48.4d
cation, and freezethaw combined with sonication significantly SS :g” P ?%gb
increased the extracted protein to 37.3, 41.5, 41.2, and 44.5%, RB+B+A 33:42
respectively P < 0.05). Sonication followed by amylase RB+B+P 52.8¢
treatment and protease treatment of the residue extracted a total RB+B+A+P 65.9a

of 56.2% protein. Adding protease to the residue significantly

increased the total extracted protef € 0.05). aRB, rice bran; A, amylase; P, protease; B, high-speed blending. ® Data are

means of triplicate samples with two determinations. Values followed by different

Table 2 gives data on protein extracted from HDRB at letters in the same column are significantly different (P < 0.05).

different energy settings. Sonication at 0, 20, 40, 80, and 100%
output extracted 9.5, 9.9, 10.0, 11.4, and 13.5% protein. . | d i P This is the first fi that
Sonication at 100% output was significantly higher than others using a-amylase and protease . This IS the hirst ime tha
(P < 0.05). Sonication of rice bran at 0, 20, 40, 80, and 100% extraction of a substantial amount of protein from HDRB is
e e ted.

output, followed by amylase treatment, extracted 27.7, 26.4, reportea . . . .

25.6, 29.3, and 33.9% protein, respectively. Protease treat- Protein Extracted by High-Speed Blendmg with Or\_N'th'
ment with residues from sonication at different energy levels out Amy"’?‘se and Protease Treagmentsln t_he first experiment,
extracted 23.928.5% protein. Total protein extracted from control with water extracted 9.8% protefigure 1). Treatment

sonication, amylase, and protease treatment ranged from 54.(5;?';; bran b.y Soik;ngb];m $6 h ar;dhblendl%g for 5 min egtractedl
to 57.8%. The lower extractability of protein in water confirmed fi6 ozgrotewt\,_w |e< OeBSmQ of the residue extracted a tota
the findings that proteins in heat-stabilized rice bran were ot 5. h° pro emdsFe ; )- h f . d
extensively denature®8, 24) and there was a high content of fro'?r?rritc: S(ra;r?rlljsiixpﬁir w;:_esnté(ta deballr;nc;l?rr:ts anr?ﬁzg ?;r:agge
insoluble disulfide cross-linking proteins2%). However, d i dgth gnh-sp binati 9. en. ymibl 3 y
physical processes such as freetteaw, sonication, homgeni- and protease), and their com inations are giveri aie o
zation, and high-pressure have the potential to break ceIIuIarAmylase’ protease, and amylase in C(_)mblnatlon with protease
- . .. extracted 28.1, 48.4, and 60.9% proteins from nonblended rice
walls and expose proteins for enzyme catalysis and solubiliza- b . . .
tion. ran, respectively, while the corresponding vaIue; from blenqled
] ] rice bran were 33.4, 52.8, and 65.9%, respectively. Blending
Cunningham et al. 1) and Tonnius 13) reported that  ione increased the extracted protein by 2.1% compared with
freeze-thaw treatment disrupted yeast cells and increased nonplended water extraction (11.9% versus 9.8%; 0.05).
protein extraction. Researchers also reported that sonication|5>,|ending of rice bran, followed by amylase/protease treatments,
increased protein extraction in forag® @nd wheat flour 10, yielded 4.4-5.3% more protein than nonblended produds (
11). However, in our research, neither freezkaw nor soni- < 0.05).
cation enhanced protein extraction from HDRB. This could be  High-speed blending has been used successfully in protein
due to the insoluble protein bound with cellular components in extraction for alkali-treated yeast4), soybean 15, 16), and
HDRB. chicken bone residue&?). In this research, high-speed blending
An increase in protein extraction from non-heat-stabilized rice also increased by 2:35.3% the amount of protein extracted
bran has been reported for cellulas@$)(and phytase and from HDRB (P < 0.05), but this is relatively small in
xylanase 27). Hamada 18, 19) reported that proteases partially comparison to the amount of protein extracted using either
hydrolyzed proteins and increased protein solubility. These amylase or protease.
authors extracted protein from non-heat-stabilized rice bran, Protein Extracted by High Pressure, with or without
not from heat-stabilized rice bran. However, only the latter is Amylase and Protease TreatmentsExtracted protein values
the commercially available product after oil extraction. We for different pressure treatments are showiable 4. Subject-
successfully extracted a higher amount of protein from HDRB ing rice bran to 0, 200, 500, or 800 MPa pressure extracted
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Table 4. Effect of High Pressure with or without Amylase and (3) Juliano, B. O. Production and utilization of Rice.@nemistry
Protease Treatments on Protein Extraction from Heat-Stabilized and TechnologyJuliano, B. O., Ed.; American Association of
Defatted Rice Bran Cereal Chemists, Inc.: St. Paul, MN, 1994; pp1B6.
(4) Helm, R. M.; Burks, A. W. Hypoallergenicity of rice bran protein.
protein extracted % Cereal Foods World 996 41 (11), 839-843.
pressure (MPa) water amylase protease combination (5) Kawamura, Y.; Muramoto, M.; Waldron, K. W.; Johson, I. T;
0 10.9a 33.7b 28.2a 61.8a Fenwick, L. R. Anti-tumorigenic and immunoactive protein and
200 10.5a 33.8b 3l1a 64.8a peptide factors in foodstuffs. 2. Anti-tumorigenic factors in rice
500 11.1a 35.8a 30.5a 66.3a bran.Food Cancer Preention: Chem. Biol. Aspeci®993 331~
800 10.7a 37.0a 29.6a 66.6a 401.
’\P/lsglue 8:(1)208 8:8263 8:8448 88356 (6) Houston, D. F. Rice bran and polish. Rice—Chemistry and

TechnologyHouston, D. F., Ed.; AACC: St. Paul, MN, 1972.

a Data are means of triplicate samples with two determinations. Values followed ™ Betschar.t, A. A Fong, R. Y.. Saunders, R. M. Rice by-
by different letters in the same column are significantly different (P < 0.05). products: Comparative extraction and precipitaiton of nitrogen
from U.S. and Spanish bran and gerdn.Food Sci 1977, 42

(4), 1088-1093.

(8) Hamada, JProtease solubilization of proteins in rice bran
presented at the IFT Annual Meeting, 1995, Anaheim, CA,
Abstract No. 68A-55, p 12.

(9) Messman, M. A.; Weiss, B. P. Extraction of protein from forages
and comparison of two methods to determine its concentration.
J. Agric. Food Chem1993 41, 1085-1089.

(10) Passribu, S. J.; Tomlinson, J. D.; McMaster, G. J. Fractionation

10.9, 10.5, 11.1, and 10.7% protein in water, respectively, and
no significant differences were observédX 0.05). Subjecting

rice bran to 0, 200, 500, or 800 MPa, followed by amylase
treatment, extracted 33.7, 33.7, 35.8, and 37.0% protein,
respectively. Protein extractabilities from 500 and 800 MPa were
significantly higher than those from 0 or 200 MA& € 0.05).
Protease extracted 28.2, 31.1, 30.5, and 29.6% protein, respec-
tively, from residues at varying levels of high pressure (0, 200, of wheat flour proteins by size exclusion-HPLC on an agarose-
500, and 800 MPa), combined with amylase treated rice bran. based matrixJ. Cereal Sci1992 15 (2), 121-136.

The total amount of protein extracted from high-pressure-treated (11) Morel, M. H.: Dellon, P.; Autran, J. C.; Leygue, J. P.; Bar, L.;
rice bran, combined with amylase and protease treatments, was
61.8, 64.8, 66.3, and 66.6%, respectively, for 0, 200, 500, and
800 MPa treatments.

Helgouac, C. Effects of temperature, sonication time, and power
settings on size distribution and extractability of total wheat flour
proteins as determined by size-exclusion high-performance liquid

High pressure was used successfully to extract protein from chromatographyCereal Chem200Q 77 (5), 685-691.
yeast cells 12). High-pressure treatment alone did not extract (12) cunningham, S. D.; Cater, C. M.; Mattil, K. F.; Vanserzant, C.
a higher percentage of protein. However, high pressure in Rupture and protein extraction of petroleum-grown yehstood
combination with amylase and protease has the potential to Sci 1975 40 (4), 732-735.
extract a higher percentage of protein. (13) Tonnius F. Uebersicht ueber Verfahren zum Aufschliessen von

All of these results showed that physical treatments, including Einzeller-Protein. Mlethods for isolation of single-cell protejn
freeze-thaw, sonication, blending, and high pressure, did not Z. Lebensm. Technol. Vefahrenstecha®78§ 29 (3) 76-78.
extract substantial amounts of protein. However, these treatments (14) Tsang, S.; Lee, C. H.; Rha, C. K. Disintegration of cell wall
provided an environment for a higher percentage of protein and extraction of protein from Candida lipolytich. Food Sci
extraction with amylase and protease treatment. 1979 44 (1), 97-99.

Conclusion. The effects of freezethaw, sonication, high- (15) Mittal, M.; Quadri, M. A.; Kushawah, H. S.; Datta, |. C. Studies
speed blending, and high-pressure treatments on protein extrac- on preparation, standardization and organoleptic scoring of
tion from heat-stabilized defatted rice bran were evaluated. soymilk. J. Food Sci. Technoll976 13 (4), 201-202.

Freezing for 16 h and thawing extracted 12.0% protein, while (16) Roshkova Z, Simova E, Beshkova D, Grigorova D, Tanev G.
freeze-thaw in combination with amylase extracted 41.5% Production of proteins and beta galactosidase from yeasts.
protein. Water, amylase, and amylase in combination with Biotekhnologiya and Biotekhnika (Bulgariaiotechnol. Biol.
protease extracted 9-33.5, 25.6-33.9, and 54.857.8% Equip. 1992 6 (3), 31-35.

protein, respectively, from rice bran sonicated with1M0% (17) Kijowski, J.; Niewiarowicz, A. A method of protein extraction
output of 750 W. Blending alone, blending combined with from chicken bone residue and the chemical and electrophoretic
amylase, or blending combined with both amylase and protease characteristics of the extradt. Food Technol1983 20(1), 43~
extracted 11.9, 33.4, and 65.9% protein, respectively. Blending 49. o _
followed by amylase and/or protease extracted approximately (18) Ham:_;\da, J. Use of_protease to enhance solubilization of rice bran
5% more protein than the nonblended enzymatic treatments. proteins.J. Food Biochem1999 23, 307-321. _
High-pressure treatments of 0, 200, 500, or 800 MPa extracted (19) Hamada, J. Ultrafiltration of partially hydrquzed rice bran protein
10.5-11.1% with water, 33.737.0% with amylase, and 618 t7°7“;°7f¥e7f8‘2a'ue'added products.Am. Oil Chem. So@00q

66.6% protein with both amylase and protease. These results N h h )
suggest that both sonication and blending improve protein (20) AACC. Met ‘:d 46'?8Ahppr,°”9dh MdeF ods of the A”:er'can
extraction, while freezethaw and high-pressure treatment had Association of Cereal Chemistith ed.; AACC: St. Paul, MN,

no significant effect on protein extraction from HDRB. 199,0; Vol 2., pp 1_2‘. . . "
(21) Juliano, B. O. The rice caryopsis and its compositionRice

Chemistry and TechnologyHudson, D. F., Ed.; American

LITERATURE CITED Association of Cereal Chemists: St. Paul, MN, 1972; p 16.

(1) NASS (National Agricultural Statistics Servic&rop produc- (22) SAS. JMP 4.02 software package, SAS Institute Inc., Cary, NC,
tion; Agricultural Statistics Board, U.S. Department of Agricul- 2000.
ture, Released November 9, 2001, 6 pp. (23) Prakash, J.; Ramanathan, G. Effect of stabilization of rice bran
(2) Saunders, R. M. The properties of rice bran as a food stuff. on the extractability and yield of proteinBie Nahrung1994

Cereal Foods Worldl99Q 35, 632—662. 38 (1), 87—89.



7448 J. Agric. Food Chem., Vol. 50, No. 25, 2002 Tang et al.

(24) Gnanasambandam, R.; Hettiarachchy, N, S. Protein concentrates (27) Wang, M.; Hettiarachchy, N. S.; Qi, M.; Burks, W.; Sieben-
from non-heat-stabilized rice bran: Prepartion and properties. morgen, T. J. Preparation and functional properties of rice bran
J. Food Sci 1995 60, 1066-1069. protein isolateJ. Agric. Food Chem1999 47, 411-416.

(25) Hamada, J. Characterization of protein fractions of rice bran to
devise effective methods of protein solubilizati@ereal Chem.
1997, 74 (5), 662-668. o Received for review June 27, 2002. Revised manuscript received

(26) Ansharullah; Hc_)urlgan, J A, Che_sterman_, C.F. Appllcatlon of September 21, 2002. Accepted October 3, 2002.
carbohydrases in extracting protein from rice brarSci. Food
Agric. 1997, 141-146. JF025771W




