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Table 1. Experimental design of independent and response variables

Treatment 23;:1;‘: Isoelectric Alkaline Centrifugeo Water.holding Fat absprption
number ratio(g/ml) pH pH TemperatureCC) capacity(g/g) capacity(g/g)

1 15 4.5 10 14 2.3 5.3
2 10 4 8.5 24 1.6 5.5
3 10 4 11.5 24 2 5.3
4 15 4.5 10 14 2.3 5.3
5 10 5 11.5 4 2.5 5.5
6 15 4.5 8.5 14 2.6

7 20 4 11.5 24 1.4

8 20 4 8.5 4 2 5.2
9 15 4.5 10 14 2.3 5.3
10 20 4 8.5 24 1.8 5.5
11 15 10 14 2.2 5.4
12 15 5 10 14 2 5.9
13 15 4.5 10 14 2.3 5.4
14 20 4.5 10 14 2.3 4.9
15 20 5 8.5 24 3 5.7
16 15 4.5 10 4 2.1 5.4
17 20 5 11.5 24 2.6 6.3
18 15 4.5 11.5 14 34 4.9
19 10 5 11.5 24 1.5 6
20 15 4.5 11.5 14 34 4.9
21 10 4.5 10 14 1.8 5
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22 15 4.5 10 14 2.3 5.3
23 15 4.5 10 4 2.2 5.3
24 15 4.5 10 24 1.5 5.8
25 10 4.5 10 14 1.8 5
26 10 5 8.5 4 0.7 5.4
27 10 5 8.5 24 1 5.1
28 20 5 11.5 4 3.3 5.3
29 15 5 10 14 2 5.9
30 15 4.5 8.5 14 2.6 5
31 15 4.5 10 14 2.3 5.4
32 15 4 10 14 2.2 5.4
33 15 4.5 10 14 2.2 5.3
34 20 4.5 10 14 2.3 49
35 10 4 8.5 4 2.1 5.6
36 20 4 11.5 4 3 4
37 20 5 8.5 4 2.3 5.4
38 10 4 11.5 4 4 4.8
39 15 4.5 10 24 1.5 5.8
Table 2. Independent variable ranges for hemp protein extraction
Factor Name Units Minimum Maximum Coded Co.d ed Mean Std.
Low High Dev
. -1 & +1 &
A Solid/Solvent g/ml 10.00 20.00 1000 20.00 15.00 3.63
. 1 & +1 &
B Isoelectric pH 4.00 5.00 4.00 5.00 4.50 0.3627
. -1 & +1 &
C Alkaline pH 8.50 11.50 8 50 11.50 10.00 1.09
. Degree
Centrifuge e +Hle
D temperature S;Sius 4.00 24.00 4.00 24.00 14.00 7.25

Table 3. ANOVA of the quadratic model of the water holding capacity of hemp protein

Sum of

Mean

Source df F-value  p-value
Squares Square
Model 16.04 13 1.23 1046.97 < 0.0001 significant
A-
Solid/Solvent 1.25 1 1.25 1060.69 <0.0001
Egsoelecmc 0.0980 1 0.0980 83.16 <0.0001
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C-Alkaline pH 2.74 1 2.74 232333 <0.0001
gn?;g;ﬁ‘r*fe 198 1 198 168395 <0.0001
AB 3.06 1 3.06 2598.69 <0.0001
AC 0.7225 1 0.7225 613.08 <0.0001
AD 0.1225 1 0.1225 103.95 <0.0001
BD 0.8100 1 0.8100 687.33  <0.0001
CD 1.96 1 1.96 1663.16 <0.0001
Az 0.2442 1 0.2442 207.21 <0.0001
B? 0.1455 1 0.1455 123.46 <0.0001
C? 2.71 1 271 2303.13 <0.0001
D2 1.00 1 1.00 85091 <0.0001
Residual 0.0295 25 0.0012

Lack of Fit 0.0159 11 0.0014 1.49 0.2381 not significant
Pure Error 0.0136 14 0.0010

Cor Total 16.07 38

Std. Dev. 0.0343

Mean 2.22

CV. % 1.54

R? 0.9982

Adjusted R? 0.9972

Predicted R? 0.9954

Adeq Precision 161.9018

Table 4. ANOVA of the quadratic model of the fat absorption capacity of hemp protein

Source Sum of Squares df Mean Square F-value p-value
Model 6.16 13 0.4740 214.71 <0.0001 significant
A-Solid/Solvent 0.0500 1 0.0500 22.65<0.0001
B-Isoelectric pH 1.15 1 1.15 521.80 <0.0001
C-Alkaline pH 0.0980 1 0.0980 44.39 <0.0001
D-Centrifuge temperature 0.8405 1 0.8405 380.70 <0.0001
AB 0.3025 1 0.3025 137.02 <0.0001
AC 0.0900 1 0.0900 40.77 <0.0001
AD 0.2500 1 0.2500 113.24 <0.0001
BC 1.10 1 1.10 499.38 <0.0001
CD 0.4900 1 0.4900 221.94 <0.0001
A? 0.5129 1 0.5129 232.31 <0.0001
B? 0.7428 1 0.7428 336.47 <0.0001
C? 0.5129 1 0.5129 232.31 <0.0001
D? 0.4800 1 0.4800 217.41<0.0001
Residual 0.0552 25 0.0022
Lack of Fit 0.0359 11 0.0033  2.37 0.0655 not significant
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Pure Error 0.0193 14
Cor Total 6.22 38
Std. Dev. 0.0470
Mean 5.32
CV.% 0.8836
R2 0.9911
Adjusted R? 0.9865
Predicted R? 0.9781
Adeq Precision 81.3445

0.0014
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Fig 1. Two-dimensional contour diagrams a) The interaction effect of solid to solvent ratio and alkaline
pH, b) The interaction effect of solid to solvent ratio and isoelectric pH, c) The interaction effect of
solid to solvent ratio and centrifuge temperature, d) The interaction effect of isoelectric pH and
centrifuge temperature, €) The interaction effect of alkaline pH and centrifuge temperature on water
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Table 2 .Comparison of experimental and predicted data
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Proteins play a crucial role both in human survival and food products.
They have important roles in health and nutrition, and possess a wide
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of isolated hemp protein. The highest value of water and fat
absorption capacity were respectively 2.985 and 6.036 (g/g) with the
desirability of 98%. The optimum point was obtained at alkaline pH
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centrifugation temperature of 4 °C. The statistical analysis using t .test
showed no significant difference between the experimental data and
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