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Fig 1- Flowchart of extraction of wheat bran protein
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Table 1- Real and coded values of independent variables used for experimental design
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Factor Name Minimum Maximum Coded Low Coded High Mean
A Time 20.00 60.00 -1 20.00 +1 < 60.00 40.00
B Temperature  4.00 20.00 -1 400 +1<20.00 12.00
C pH 8.00 12.00 -1-8.00 +1+12.00 10.00
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Table 2. Values of independent and dependent variables in different treatments
Run A:Time B:Temperature C:pH Emulsion Capacity Emulsion Stability

min °C % %
1 40 12 10 0.87 0.66
2 40 12 10 0.86 0.66
3 20 4 8 0.81 0.51
4 60 20 12 0.93 0.92
5 40 12 12 0.92 0.83
6 40 12 10 0.89 0.65
7 40 12 8 0.82 0.55
8 40 20 10 0.91 0.71
9 60 4 8 0.82 0.53
10 20 20 12 0.93 0.91
11 40 12 10 0.85 0.6
12 40 12 10 0.87 0.66
13 40 12 10 0.88 0.65
14 40 12 10 0.87 0.64
15 20 4 12 0.91 0.72
16 20 12 10 0.86 0.61
17 60 12 10 0.91 0.69
18 40 12 10 0.9 0.65
19 40 4 10 0.85 0.6
20 40 12 10 0.88 0.58
21 60 20 8 0.85 0.6
22 60 4 12 0.91 0.8
23 20 20 8 0.84 0.56
24 40 12 10 0.88 0.57
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Table 3. Variance analysis of the effect of independent variables on the emulsion capacity of wheat bran protein

Source Sum of df Mean Square F-value p-value
Squares

Model 0.0245 9 0.0027 11.79 <0.0001 significant
A-Time 0.0005 1 0.0005 2.12 0.1677
B-Temperature 0.0026 1 0.0026 11.06 0.0050
C-pH 0.0212 1 0.0212 91.45 <0.0001
AB 0.0000 1 0.0000 0.0000 1.0000
AC 0.0000 1 0.0000 0.2161 0.6492
BC 0.0000 1 0.0000 0.2161 0.6492
A? 0.0001 1 0.0001 0.5168 0.4840
B? 6.652E-06 1 6.652E-06 0.0287 0.8678
C? 0.0002 1 0.0002 0.8633 0.3686
Residual 0.0032 14 0.0002
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Lack of Fit

Pure Error
Cor Total
Std. Dev.
Mean
CV.%

0.0014

0.0019
0.0278

23
0.0152
0.8758

1.74

0.0003 1.35 0.3266 not
significant
0.0002
R? 0.8834
Adjusted R> 0.8085
Predicted R 0.5491
Adeq Precision 14.0546
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Fig 2. Three-dimensional diagram of the interaction effect of time and pH (a), temperature and pH (b), on the
emulsion capacity of wheat bran protein
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Table 4. Variance analysis of the effect of independent variables on the wheat bran protein emulsion stability

Source Sum of df Mean F-value p-value
Squares Square
Model 0.2622 0.0291 30.42 <0.0001 significant
A-Time 0.0053 1 0.0053 5.52 0.0339
B- 0.0292 1 0.0292 30.45 <0.0001
Temperature
C-pH 0.2045 1 0.2045 213.56 <0.0001
AB 0.0003 1 0.0003 0.3264 0.5769
AC 0.0001 1 0.0001 0.1175 0.7369
BC 0.0045 1 0.0045 4.71 0.0476
A? 0.0001 1 0.0001 0.0766 0.7860
B? 0.0003 1 0.0003 0.2990 0.5931
C? 0.0057 1 0.0057 5.94 0.0287
Residual 0.0134 14 0.0010
Lack of Fit 0.0024 5 0.0005 0.4016 0.8362 not
significant
Pure Error 0.0110 9 0.0012
Cor Total 0.2756 23
Std. Dev. 0.0309 R? 0.9514
Mean 0.6608 Adjusted R? 0.9201
CV. % 4.68 Predicted R? 0.8365
Adeq Precision 22.0285
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Fig 3. Three-dimensional diagram of the interaction effect of time and pH (a), temperature and pH (b), on the
emulsion stability of wheat bran protein
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Table 5. Predicted conditions of the software for optimizing the process and the tests performed

Time Temperature pH Emulsion Emulsion Desirability
Capacity Stability
predicted 47/869 19/963 12/000 0/931 0/920 1/000
conditions
tests performed  47/869 19/963 12/000 0.93+0.05™ 0.92+0.05™
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Recently, the demand of consumers to use vegetable proteins as
a substitute for animal proteins has been increased. Cereal bran
contains protein, fiber sources, minerals and antioxidants. In
this research, optimization of emulsifying capacity and
emulsion stability of wheat bran protein was performed using
response surface method (RSM), central composite design
(CCD) and Design Expert software. The design included the
independent variables of centrifugation time (20-60 minutes),
centrifugation temperature (4-20°C), alkaline pH (8-12) and 10
replications at the central point. Centrifugation time had a
significant effect on emulsion stability (P<0.05); but it had no
significant effect on the capacity of emulsion formation
(p>0.05). Centrifugation temperature changes had a significant
effect on the amount of emulsion formation capacity and
stability (P<0.05). Changes in alkaline pH had a significant
effect on the amount of emulsion formation capacity and
stability (P<0.05). Evaluation of the optimal conditions
suggested by the software for the formation capacity and
stability of the emulsion were not significantly different from
the test results (p>0.05). The results of this research showed that
wheat bran protein as a vegetable protein source has a high
potential to be used as an emulsifier in the food industry.
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