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Abstract 
 
This study compared the protein content and yield of rice bran protein concentrates (RBPC) extracted via 
enzymatic and alkaline methods. Enzymatic extraction using xylanase produced RBPC containing 47.17% protein 
and a 19.80% protein yield. The optimal alkaline extraction conditions (pH 9, 30 °C) obtained 44.29% protein 
content and 21.80% protein yield. Further evaluation of alkaline extraction revealed that finer particles led to 
higher protein content (51.23%) and protein yield (26.85%) compared to 0.4 mm particles. Homogenization of 
the slurry or the addition of saline solutions did not significantly affect the protein content or yield. Rice bran 
protein extracted up to 72 h using 0.4 mm particle size gave the lowest protein content (5.62%) and protein yield 
(1.84%). The optimal alkaline extraction conditions (pH 9, 30 °C, 0.4 mm particle size, 1:4 solvent ratio, 15 min 
centrifuge, cloth filter, without overnight supernatant) for rice bran protein obtained extracts with a high protein 
content (43–51%) and yield (13–29%).  

Keywords: Alkaline extraction, Enzymatic extraction, Homogenized alkaline extraction, Rice bran protein, 
Xylanase 

1. Introduction 
 

Rice is a daily staple food in Malaysia made from the processing of rough rice. Rice milling yields various by-
products including rice hull (20%), rice bran, and germ (10%), with rice bran generally used as animal feed [1,2]. 
However, the plentiful supply of rice bran has promoted its utilization since rice bran is fortified with high-quality 
protein and is essential for food and pharmaceutical applications [2-5]. Moreover, rice bran has numerous health-
promoting properties, such as being hypoallergenic, nutritious, and anti-cancer activity, with a desirable amino 
acid profile and high digestibility [6-8], thus is a sustainable protein source with high potential for application in 
the food industry, for example, the preparation of hypoallergenic infant formulation and gluten-free preparations. 
Furthermore, rice bran peptides have antioxidant, antihypertensive, anti-inflammatory, and anti-microbial 
properties [1]. 

The protein residue of rice bran is hardly extracted and insoluble in water because of its high glutelin content 
and strong aggregation properties through hydrophobic interactions and extensive bond cross-linking [9]. Various 
methods have been used to extract rice bran protein, such as enzymatic and alkaline extraction [1,3,8]. Enzymatic 
extraction yields protein at basic pH but is expensive, whereas alkaline extraction is the most common, simple, 
rapid, and low-cost method. However, the use of severe alkaline conditions (>pH 10) changes the nutritional 
characteristics of the protein, producing toxic products, denaturing, and hydrolyzing the protein, increasing the 
Maillard reaction, and alkaline-induced hydrolysis [3,5,6,8]. The extraction efficiency is also dependent on the 
extraction conditions such as agent concentration (alkali, enzyme), temperature, time, and the weight-volume ratio 
(extraction solvent: raw material) [10]. Therefore, this study compared the enzymatic and alkaline extraction of 
protein from defatted rice bran.  
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2. Materials and methods 
 
2.1 Materials 
 

Rice bran was purchased from rice mills in the Sekinchan area (Selangor, Malaysia) and xylanase 2753 enzyme 
from Thermomyces lanuginosus (minimum activity of 2500 unit/g) was purchased from Sigma. All chemicals and 
reagents used were analytical grade. 

2.2 Defatted rice bran 
 

Defatted rice bran (DRB) was prepared according to the method of Wang et al. [6]. Briefly, DRB was ground 
using a powder grinder (GW-FM/2HP, Taiwan) fitted with 0.40 mm wire mesh. Particles 0.177 mm in size (80 
mesh, U.S. Standard sieve) (Laboratory Mill 120, Perten, Sweden) were used for enzymatic extraction and particle 
size analysis. The DRB was packed in polyethylene bags and stored at -40 °C before protein extraction.  

2.3 Preparation of rice bran protein concentrate 
 
2.3.1 Enzymatic extraction 
 

Rice bran protein concentrate (RBPC) was extracted according to the method of Wang et al. [6]. DRB (10 g) 
was dispersed in deionized water (75 mL) and the pH was adjusted to pH 5 using 0.5 mol/L NaOH. The slurry 
was incubated with xylanase (240 xylanase unit/g bran) at 55 °C for 2 h to extract the protein. The enzyme activity 
was stopped by changing the pH to 9.5 with 0.05 mol/L NaOH and stirring for 30 min before centrifugation at 
10,000 g for 20 min. The non-proteinaceous residue was vacuum filtered (filter paper no 4) and the supernatant 
was adjusted to pH 4.0 using 0.5 mol/L Hydrogen chloride (HCl). The protein was recovered by centrifugation t 
10,000 g for 20 min, neutralized, frozen overnight, and freeze-dried. The RBPC was sealed in zip-lock PE bags 
and stored at 5 °C. The control rice bran protein was prepared under the same conditions using inactivated 
enzymes. 
 
2.3.2 Alkaline extraction 
 

The RBPC was prepared according to the method described by Gupta et al. [11] with slight modification. 
Briefly, 7.5 g of DRB was dispersed in 75 mL of distilled water and the pH was adjusted to 8, 9, or 10 using 0.5 
mol/L NaOH. The slurry was stirred at 150 rpm in a shaking incubator for 1 h at 30 °C, 40 ºC, or 50 °C then 
centrifuged at 10,000 g for 30 min at 23 °C (Sigma 3-18K Sartorius, Germany). The slurry was vacuum filtered 
(filter paper no 4) to remove the insoluble protein residue and the supernatant was adjusted to pH 4.5 using 4 
mol/L HCl and left overnight at 5 °C to precipitate the proteins. The slurry was separated by centrifugation at 
10,000 g for 20 min at 4 °C and the precipitates were washed with distilled water, neutralized, then frozen 
overnight before freeze-drying (Scanvac Coolsafer 110-4, Labogene Aps, Denmark) for 96 h. The RBPC was 
sealed in zip-lock PE bags and stored at 5 °C.  

The particle size (0.4 vs 0.177 mm), solvent ratio (1:4, 1:6, or 1:10 w/v), centrifuge time (15 min vs 30 min), 
filter cloth usage, and isoelectric point (pH 4.5) were compared at the standard extraction time of 1 h, 30 °C, and 
pH 9 using 0.5 mol/L NaOH and 4 mol/L HCl. 

The extraction was also performed for 72 h before centrifugation for 15 min at 10,000 g, then the slurry extract 
was separated by a cloth filter, and the pH was adjusted for protein precipitation at the isoelectric point (pH 4.5) 
without being left overnight. The extract was centrifuged (15 min), washed, neutralized, frozen overnight, and 
freeze-dried before storage in zip-lock PE bags at 5 °C. 

A single and double extraction were also compared. The DRB was dispersed (1:4 w/v solvent ratio), shaken 
(1, 2, 3 h), and centrifuged for 15 min at 10,000 g. The pH of the supernatant was adjusted to the isoelectric point 
(pH 4.5), then centrifuged (15 min), washed, neutralized, frozen overnight, and freeze-dried for 96 h. The RBPC 
was stored in zip-lock PE bags at 5 °C. For the double extraction, the insoluble residue was subjected to a second 
extraction to increase the protein residue. The insoluble residue was re-dispersed in 40 mL of distilled water and 
the pH was adjusted to 10.5, stirred at 150 rpm (1, 2, 3 h) at 30 °C, then centrifuged at 10,000 g, for 15 min. The 
insoluble residue was removed with a cloth filter, all the supernatants were combined, and the pH was adjusted 
for protein precipitation at the isoelectric point (pH 4.5) and left overnight. The RBPC was prepared as before and 
stored in PE bags at 5 °C. 

The effect of different salt solutions (0, 0.1, or 0.5 M) was compared by extracting the RBPC for 1 h at 30 °C. 
The dispersion was initiated using 1:4 (w/v) DRB: salt solution (0.1 M, 0.5 M), homogenized (13,500 rpm, 1 min) 
using an open system homogenizer (Ultra-Turrax T25 basic, IKA-WERKE, Germany), then the pH was adjusted 
to the required pH (8, 9, 10). The slurry was shaken, centrifuged for 15 min, separated using a cloth filter. Then, 
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the pH was adjusted for protein precipitation at an isoelectric point and the protein solution was centrifuged (15 
min), washed, neutralized, frozen overnight, and freeze-dried for 96 h before storage in zip-lock PE bags at 5 °C. 
Analysis of slurry prepared using 0.1 M solution at 40 °C and 50 °C was conducted for comparison. 
 
2.4 Basic chemical composition of rice bran and rice bran protein concentrates (RBPC) 
 

The approximate basic chemical composition was determined following the methods of the Association of 
Official Agricultural Chemists [12]. Specifically, protein content and yield were measured by the standard 
Kjeldahl’s method [12] using a value of 5.95 as a protein conversion factor. The RBPC yield was calculated 
according to Wang et al. [6]: 

                      Yield (%) =  
୵ୣ୧୦୲ () ୭ ୖେ × ୮୰୭୲ୣ୧୬ ୡ୭୬୲ୣ୬୲ (%) ୭ ୖେ 

  ଵ  (୵ୣ୧୦୲ ୭ ୈୖ) × ୮୰୭୲ୣ୧୬ ୡ୭୬୲ୣ୬୲ (%) ୭ ୈୖ 
     ×       100                               (1) 

 
2.5 Statistical analysis 
 

All the experiments were performed in triplicate and the means were calculated. Differences between groups 
were assessed by one-way ANOVA followed by Tukey’s multiple range test using Minitab 18 software. All data 
were expressed as mean ± standard deviation and a p ≤ 0.05 was considered significant. 

3. Results and discussion 
 
3.1 Proximate analysis 
 

The proximate composition of full fat and DRB is presented in Table 1, showing significant differences in 
moisture content, ash, fat, and fiber after the defatting process. Gadalkar et al. [13] reported that rice bran 
constitutes 12–23% oil which can be removed by hexane without affecting the protein content. The fat content 
was similar to that reported by Jiamyangyuen et al. [2] and Gnanasambandam and Hettiarachchy [14]. The protein 
content was 9–20% [3] but reported as low-protein content [15]. 

Table 1 Proximate composition of full fat and defatted rice bran. 
Material  Moisture (%) Ash (%) Crude Protein (%) Fat (%) Fiber (%) Carbohydrate (%) 
Full Fat 7.49 ± 0.06B 7.16 ± 0.18B 11.66 ± 0.48A 13.54 ± 1.15A 9.18 ± 0.19A 50.97 ± 1.83A 
Defat 9.85 ± 0.17A 7.56 ± 0.07 A 13.42 ± 5.56A   3.29 ± 0.49B 8.66 ± 0.26B 57.22 ± 5.83A 

Values superscripted with dissimilar letters A are significantly different (p< 0.05). 
 

3.2 Enzymatic extraction 
 

The protein content and yield of RBP extracted by xylanase were not significantly different from the control 
(Table 2). Xylan is a common plant cell wall polysaccharide contained in the RBP which is released when the cell 
wall is disrupted [6]. Xylanase hydrolyzes xylan from D-xylose (D-xylopyranosyl) to short-chain 
xylooligosaccharides. More intercellular constituents such as protein will be liberated by cleaving the linkages 
within the polysaccharide matrix. The increment of 4% protein content after xylanase treatment was lower than 
reported by Wang et al. [6] and could be attributed to the different compositions and varieties used in the 
extraction, such as the rice bran cultivar, type of enzyme, and the application of speed and centrifugation time. 
Unfortunately, the RBPC extract was low in protein and yield. 

Table 2 Protein content and yield of enzymatic extraction. 
Sample Protein content (%) Protein Yield (%) 
Control 43.30 ± 2.79A 19.16 ± 8.92A 
Xylanase 47.17 ± 0.98A 19.80 ± 10.88A 

Values superscripted with dissimilar letters A are significantly different (p< 0.05). 
 
3.3 Optimization of RBPC alkaline extraction 
 

The protein content and yield of RBPC at different pH (8–10) and temperatures (30–50 °C) are shown in Table 
3 and are in line with those reported by Prakash and Ramanatham [19]. Surprisingly, the protein yield was 8.9% 
higher compared to Jiamyangyuen et al. [2] and Yadav et al. [16], but lower compared to Gupta et al. [11] and 
Gnanasambandam and Hettiarachchy [14]. These differences could be explained by the different cultivars used in 
each study [5]. DRB of crude protein found in Gupta et al. [11] (17%) and Gnanasambandam and Hettiarachchy 
[14] (15.32%) were higher compared to the present study (Table 1). 
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Table 3 Percentage of protein content and yield at different pH (8-10) and temperature (30-50 °C). 

 
The highest protein content was extracted at 30 °C, pH 9 in line with Gupta et al. [11]. The protein content at 

pH 8 and 9 slightly reduced as the temperature increased due to the extraction of non-protein components. Gupta 
et al. [11] also reported that an increase in temperature (30–75 °C) at pH 9.5 decreased the protein content and 
increased the protein yield. In contrast, the protein content and yield increased at pH 10 as temperature increased 
because of the improved protein solubility and swelling of the starch granules. Furthermore, Coa et al. [4] claimed 
that heat treatment (20-50 °C) might partially break down the hydrogen and disulfide bonds, improving the protein 
dissolution rate in germinated brown rice.  

The protein yield increased with pH, with the highest protein yield (30–80%) obtained at pH 7–12 due to the 
glutenin readily dissolving in the alkaline extraction medium. The highly alkaline solutions disrupt the structure 
of the protein, starch, and phytate, hence increasing the protein yield [3,4,9]. As shown in Table 3, the highest 
protein content and yield were obtained at pH 9 and 30 °C, which is in line with previous studies [2,17,18]. 
Therefore, further analysis of the alkaline extraction was performed at fixed pH 9 and a constant temperature of 
30 °C.  

The effects of particle size, solvent ratio, centrifuge time, filter cloth, supernatant leftover night, and 72 h 
extraction on protein content and yield are shown in Table 4. The particle size had no significant effect on protein 
content in contrast to Gnanasambandam and Hettiarachchy [14] and Jiamyangyuen et al. [2] who reported that a 
smaller particle size yields a higher protein content. The 0.4 mm particles produced the highest protein yield in 
line with Prakash and Ramanatham [19], and Gnanasambandam and Hettiarachchy [14]. The use of fine particles 
has an important implication for increasing protein extractability. An increase in extracted protein extraction as 
the particle size of the starting material decreases indicates that smaller particles contribute to a more efficient 
protein extraction rate, therefore more significant total protein mass transfer during the initial alkaline 
solubilization [18,20]. Nevertheless, a very fine particle size (200 mesh) leads to contamination of the extract with 
non-protein components such as cellulose, hemicellulose, pentosans, and lignin [14]. 

There was no difference in the protein content but a significant difference in protein yield obtained at different 
solvent ratios (w/v) (Table 4), with the 1:4 solvent ratio (80 mesh) yielding the highest protein content and yield. 
The increase in protein yield was because of the higher concentration gradient due to the availability of fresh 
solvent enhancing the mass transfer rate [13]. Thus, a decrease in protein yield is attributed to the excess dilution 
of solute, thereby reducing the mass transfer gradient [21]. The 1:4 (w/v) solute-solvent ratio would reduce 
production costs and lower waste disposal for industrial-scale applications [22,23].  
 
Table 4 Percentage of protein content and yield for factors: particle size, solvent ratio, centrifuge time, filter cloth, 
supernatant leftover night, 72 h extraction. 

Factor 30 °C, pH 9 Protein Content (%) Protein Yield (%) 
Particle size 0.177mm (80 Mesh) 1:4 51.23 ± 0.59A 26.85 ± 1.54A 

0.4 mm, 1:4 45.87 ± 3.77A 16.74 ± 1.84AB 
 
Solvent ratio 

0.177mm (80 Mesh), 1:4 51.23 ± 0.59A 26.85 ± 1.54A 
0.4 mm, 1:4 45.87 ± 3.77A 16.74 ± 1.84AB 
0.4 mm, 1:6 50.26 ± 0.00A 13.30 ± 0.06B 
0.4 mm, 1:10 42.90 ± 5.69A 15.95 ± 12.07AB 

Centrifugal time, cloth filter (CF) and supernatant 
without left over night (WOO) 

0.4 mm, CF, WOO, 15 min, 51.37 ± 0.00A 13.30 ± 0.60B 
0.4 mm, CF, WOO, 30 min 43.32 ± 6.28A 17.18 ± 1.81AB 

Extraction 72 h 0.4 mm, CF, WOO, 25 min   5.62 ± 0.53B   1.84 ± 0.55C  
Ratio refers to solute: solvent (w/v); Values superscripted with dissimilar letters A are significantly different (p< 0.05). 
 

The 15 min centrifugation yielded the highest protein content (51.37%) but the lowest yield (13.30%) (Table 
4). The lower protein content and yield observed after the 72 h extraction might be due to dissoluble protein as 
the pH dropped near the isoelectric point. Mechanical shear generated by vigorous shaking for a long time or 
when the pH shifts to a very low value (between pH 2–5) increases the protein net charge and the strong 
intramolecular electrostatic repulsion causes swelling and unfolding of the protein molecules, i.e., protein 
denaturation [24]. 

Temperature (°C) pH Protein Content (%) Protein Yield (%) 
30   8 41.51 ± 0.59A 10.34 ± 0.95A 
40   8 42.34 ± 0.98A   8.76 ± 0.16A 
50   8 41.51 ± 1.77A 10.29 ±0 .15A 
30   9 44.29 ± 0.20A 21.80 ± 10.0A 
40   9 40.40 ± 2.95A 13.23 ± 0.09A 
50   9 40.26 ± 5.10A 11.15 ± 4.69A 
30 10 40.96 ± 1.37A 16.82 ± 0.16A 
40 10 41.93 ± 0.00A 19.97 ± 2.25A 
50 10 42.21 ± 0.00A 21.19 ± 0.28A 
Values superscripted with dissimilar letters A are significantly different (p< 0.05). 
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A comparison of the single versus double extraction is provided in Table 5. The protein content was slightly 
reduced with increased stirring time for the single extraction but increased for the double extraction, with the 
highest protein content observed at 1 h stirring for the single extraction and 3 h stirring for the double extraction. 
Since the highest protein content was obtained from 1 h stirring (single extraction), the extraction conditions for 
all further analyses were a fixed solvent ratio of 1:4, 15 min centrifugal time, and constant temperature of 30 °C 
at pH 9. 

 
Table 5 Percentage of protein content and yield of different extraction of stirring time for single and re-extraction 
of DRB. 

Values superscripted with dissimilar letters A are significantly different (p< 0.05). 

 
The effects of different salt solutions on the protein content and yield are provided in Table 6-7. Chen and 

Houston [25] found an increment in the percent protein content with increased pH. The highest percent protein 
content was obtained at both homogenized and pH 10, 0.5 M NaCl, 30 °C, 49.84±3.73%, followed by 47.48 ± 
5.10% for 0.1 M NaCl, 50 °C due to the increased solubilization of protein and total solid [3,4], [9,25]. The 
average percent protein content of both homogenized 0.5 M NaCl, 30 °C and 0.1 M, 50 °C were similar at pH 8 
and 9 but lower than the control, pH 9, 30 ºC. Accordingly, at constant pH and ionic strength, the protein solubility 
will increase with temperature between 0 °C and 40–50 °C [24,26]. A lower protein content was obtained for 
extraction at homogenized 40 °C, 0.1 M salt at all pH compared to 50 °C, 0.1M salt. Similar to Ansharullah et al. 
[27], a higher protein content was obtained at 50 °C (53.20%) than 40 °C (43.07%) at neutral pH. Gupta et al. [11] 
found that protein extracted at pH 9 in different alkaline extraction temperatures (°C 30, 45, 60, 75) showed low 
to high solubility than protein extracted at 75 °C < 45 °C < 60 °C < 30 °C at all pH (pH 7, 8, 9, 10) with significant 
percentage protein 71, 76.7, 78.0 and 79.9% respectively. Similar to Bandyoadhyay et al. [28] at pH 10, 50–55 
ºC, the protein content was higher at 86.2%. 

Table 6 Protein content of extraction from homogenized RBPC with salt solution (0.1 M, 0.5 M). 
pH Protein Content (%)     
 Control, 30 °C 0.1 M, 30 °C 0.5 M, 30 °C 0.1 M, 40 °C 0.1 M, 50 °C 
  8 43.17 ± 0.59A 39.98 ± 2.75A 35.96 ± 2.16A 33.04 ± 6.68A 43.87 ± 9.42A 
  9 45.26 ± 0.39A 43.32 ± 4.32A 44.43 ± 3.14A 35.96 ± 2.16A 44.15 ± 9.82A 
10 45.81 ± 12.17A 43.59 ± 3.53A 49.84 ± 3.73A 38.60 ± 4.32A 47.48 ± 5.10A 

Values superscripted with dissimilar letters A are significantly different (p< 0.05). Control – DRB extracted under of alkaline condition, no 
pre-treatment of homogenizing, 0 M NaCl, at temperature 30 °C. 

  

Table 7 Protein yield of extraction from homogenized RBPC with salt solution (0.1 M, 0.5 M). 
pH Protein Content (%)     
 Control, 30 °C 0.1 M, 30 °C 0.5 M, 30 °C 0.1 M, 40 °C 0.1 M, 50 °C 
  8 25.00 ± 0.02BC 12.76 ± 3.79C 15.80 ± 2.13BC 15.02 ± 5.78C 12.24 ± 2.40C 
  9 28.90 ± 1.34AB 13.33 ± 0.51BC 20.91 ± 7.88BC 12.59 ± 2.50C 19.58 ± 6.13BC 
10 41.52 ± 0.40A 22.58 ± 0.84BC 24.24 ± 0.97BC 20.87 ± 0.83BC 24.40 ± 0.35BC 

Values superscripted with dissimilar letters A are significantly different (p < 0.05). Control – DRB extracted under of alkaline condition, no 
pre-treatment homogenizing, 0 M NaCl, at temperature 30 °C. 

 
Generally, the Osborne solubility fraction of rice bran protein typically provides a significant amount of 

glutelin proteins that are usually solubilized with a high alkaline concentration. Despite the large amounts of 
glutelin contained in rice bran (22%) [18], the alkali must break the hydrogen, amide, and disulfide bonds for 
ready extraction in alkaline conditions, reducing its molecular size and aggregation to render it soluble. The 
substantial reduction in the size of glutelin molecules during alkaline solubility results in its extraction along with 
albumin and globulin [7,9,13], [25,29,30]. Moreover, the solubility of glutelin increases due to the dissociation 
aggregates of proteins in alkaline solutions. 

However, at 30 °C, the protein content in the control was slightly reduced for both pH 9 and 10 at 0.1 M salt 
and slightly increased at 0.5 M. The increasing salt could explain this, reducing the solubility of glutelin with low 
solubility or insoluble in NaCl solution compared to albumin and globulin, which are expected to be easily soluble. 

Besides, glutelin was efficiency extracted at pH higher than 10 [3,13,22,30-32]. Furthermore, alkaline at pH 
8, near the isoelectric point, might not provide sufficient alkali needed to promote protein-solvent interactions. 

Moreover, albumin and globulin are extractable under salinity-alkaline assistance, which gives the effect of 
salting in and protein aggregate dissociation in alkaline conditions increases the overall solubility of albumins and 

Factor Protein Content (%) Protein Yield (%) 
Single extract, 1h stir, WOO 43.32 ± 6.28A 16.95 ± 0.20A 
Single extract, 2h stir, WOO 41.93 ± 9.42A 16.93 ± 1.44A 
Single extract, 3h stir, WOO 37.76 ± 0.79A 17.52 ± 2.13A 
Re-extract, 1h stir, overnight 26.10 ± 6.28A 29.83 ± 6.77A 
Re-extract, 2h stir, overnight 27.50 ± 1.18A 31.46 ± 13.30A 
Re-extract, 3h stir, overnight 39.57 ± 0.98A 30.24 ± 1.08A 
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globulins resulting in more extracted proteins compared to near neutral pH conditions. The salinity of 0.5–1.0 M 
NaCl may increase the solubility of proteins, promoting protein-solvent interactions through chloride ions, thereby 
increasing the solubility by electrostatic repulsion after binding to the positively charged protein groups and 
hydration of charged residues, which promotes protein solubilization into the extraction solvent [12,26,33]. This 
explains the increase in percentage protein content with 0.5 M salt at 30 °C. 

However, there was a significant difference in RBPC yield between the control and homogenized 0.1 M (30–
50 °C) and 0.5 M (30 °C) salt solutions. The homogenized extract and the use of saline solutions were insufficient 
to increase the yield as claimed by Phongthai et al. [5], Fabian and Ju [3], and Anderson and Guraya [34]. The 
shear force used for homogenization at 13,500 rpm, 1 min was unable to disrupt the cells to release proteins or 
enhance extraction under this condition as attained by Sun et al. [35] (1:15 (w/v), pH 9.5, 40 °C) who homogenized 
at 10,000 rpm for 5 min increasing the yield to 52.83% compared to the 49% control. Furthermore, Anderson and 
Guraya [34] used colloid milling from DRB followed by homogenization to increase the protein extracted from 
13.9% to 14.7%, with a further increase to 16.5% after homogenization for 10 minutes using pressure ~1.7×104 
kPa. 

The highest RBPC yield (41.52±0.40%) was obtained under the control conditions (30 °C, pH 10). The protein 
yield at pH 9 was significantly higher than that observed in Table 4 (16.74%) and Table 5 (17%), which were 
under the same extraction condition (30 °C, pH 9,1:4 (w/v), 10,000 g, 20 min centrifugation). This variation might 
be due to the different particle size distribution with the different meshes. The use of salt did not significantly 
affect the yield as claimed by Paraman et al. [22], even when the extract was homogenized before exposure to the 
salt solution. The control (30 °C) conditions at all pH resulted in higher protein extractions compared to the treated 
extracts within the same pH. Glutelin, which was soluble under this condition, could explain the high yield, 
especially at pH 10 close to the actual pH extractability. At 30 °C, the protein yield was higher at 0.5 M than 0.1 
M salt at every pH similar to Gadalka et al. [13]. The variation in temperatures at 0.1 M salt concentration was 
similar to Paraman et al. [22], that is, the protein yield increased with temperature, with no significant difference 
between 30 °C and 50 °C.  

4. Conclusion 
 

RBPC extraction via enzymatic and alkaline extraction methods is feasible, extracting a minimum of 43.3% 
protein content. The optimal alkaline extraction conditions for the extraction of rice bran protein (protein content 
43–51%, yield 13–29%) were found to be pH 9 at 30 °C using 0.4 mm particles in a 1:4 solvent ratio, then 
centrifugation for 15 mins and use of a cloth filter.  
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