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Fig 1- The procedure of chickpea protein isolate extraction
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Table 1. The real and coded values of independent variables for experimental design

Factor Name Minimum Maximum Coded Low Coded High Mean Std. Dev.
A Time 20.00 60.00 -1+ 20.00 +1«< 60.00 40.00 15.76
B Temperature 4.00 35.00 -1-400 +1+- 3500 19.70 1221
C pH 8.50 10.00 -1-850 +1-10.00 9.25 0.5909
D Water/meal ratio  10.00 15.00 -1 10.00 +1+15.00 1250 1.97
Sy oeslial 3550 Jitee la e pslie (V) Jsder
A
Table 2. Experimental design of variables and the test results of responses
Fa(itor Factor 2 Fa%tor Eactor 4 Resplonse Resgonse Response 3
. Foam
. B:Tempe D:Water/ Foaming  stability Foam
Ru A:Time o . meal . .
Std n (min) rature( C:pH ratio(ml/ capacity( 1 stability 2
C) ml) (ml/30mi  (ml/180min)
9) n)
10 1 60 4 8.5 15 90 60 55
16 2 60 35 10 15 75 50 40
3 3 20 35 8.5 10 80 55 45
12 4 60 35 8.5 15 85 55 50
15 5 20 35 10 15 40 40 35
28 6 40 20 9.25 12.5 60 45 35
26 7 40 20 9.25 12.5 70 48 40
2 8 60 4 8.5 10 90 60 55
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17 9 20 20 9.25 12.5 42 40 35
20 10 40 35 9.25 12.5 80 55 45
14 11 60 4 10 15 85 55 50
5 12 20 4 10 10 38 38 35
19 13 40 4 9.25 12.5 70 48 38
13 14 20 4 10 15 38 38 35
8 15 60 35 10 10 75 50 40
9 16 20 4 8.5 15 80 55 40
29 17 40 20 9.25 12.5 60 45 35
7 18 20 35 10 10 38 38 35
21 19 40 20 8.5 12.5 85 55 50
22 20 40 20 10 12.5 50 40 35
6 21 60 4 10 10 85 55 50
4 22 60 35 8.5 10 85 55 50
1 23 20 4 8.5 10 80 55 50
24 24 40 20 9.25 15 60 45 35
25 25 40 20 9.25 12.5 60 45 35
23 26 40 20 9.25 10 60 45 35
30 27 40 20 9.25 12.5 60 45 35
11 28 20 35 8.5 15 80 55 45
18 29 60 20 9.25 125 60 45 35
27 30 40 20 9.25 12.5 60 45 35
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Table3. Variance analysis of the effect of independent variables on the foam formation capacity of
chickpea protein at zero moment

Source Sum of Squares  df Mean F- p-value
Square value
Model 7979/35 14 569/95 35/09 < significant
0.0001
A-Time 2547127 1 2547/27  156/84 <
0.0001
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B-Temperature 18/00 1 18/00 1/11  0/3091

C-pH 2963/60 1 2963/60  182/47 <
0.0001

D-Water/meal ra 0/2204 1 0/2204 0/0136  0/9088

AB 64/74 1 64/74 3/99  0/0644

AC 1156/00 1 1156/00 71/18 <
0.0001

AD 0/2500 1 0/2500 0/0154  0/9029

BC 4/31 1 4/31 0/2651  0/6141

BD 0/2482 1 0/2482  0/0153  0/9033

CD 0/2500 1 0/2500 0/0154  0/9029

A? 250/08 1 250/08 15/40  0/0014

B2 518/18 1 518/18 31/90 <
0.0001

C? 115/45 1 115/45 7/11  0/0176

D2 176 1 1/76  0/1085  0/7465

Residual 243/62 15 16/24

Lack of Fit 160/29 10 16/03 0/9617  0/5542 not

significant

Pure Error 83/33 5 16/67

Cor Total 8222/97 29

Std. Dev.  4/03 R2 0/9704

Mean 67/37 Adjusted R? 0/9427

CV.% 5/98 Predicted R? 0/8988

Adeq Precision 18/5777
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Fig. 2. The interaction of time and pH (a), temperature and pH (b), temperature and time (b) on
the foam formation capacity of chickpea protein at zero moment
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Tabled. Variance analysis of the effect of independent variables on the stability of chickpea
protein foam 30 minutes after foam formation

Source Sum of Squares  df Mean F- p-value
Square value
Model 1277/15 14 91/22 22/99 < significant
0.0001
A-Time 280/75 1 280/75 70/75 <
0.0001
B-Temperature 6/72 1 6/72 1/69  0/2127
C-pH 566/80 1 566/80 142/84 <
0.0001
D-Water/meal ra 0/2204 1 0/2204 0/0556  0/8169
AB 3050 1 30/50 7/69  0/0142
AC 132/25 1 132/25 33/33 <
0.0001
AD 0/2500 1 0/2500 0/0630  0/8052
BC 0/2204 1 0/2204 0/0556  0/8169
BD 0/2482 1 0/2482 0/0625  0/8059
CD 0/2500 1 0/2500 0/0630  0/8052
A? 19/66 1 19/66 4/95  0/0418
B2 100/41 1 100/41 25/31  0/0001
Cc2 13/07 1 13/07 3/29  0/0896
D2 0/1677 1 0/1677 0/0423  0/8399
Residual 59/52 15 3/97
Lack of Fit 52/02 10 5/20 3/47  0/0912 not
significant
Pure Error 7/50 5 1/50
Cor Total 1336/67 29
Std. Dev.  1/99 R2 0/9555
Mean 48/67 Adjusted R? 0/9139
CV.% 4/09 Predicted R2 0/8217
Adeq Precision 16/0575
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Fig. 3. The interaction of time and pH (a), time and temperature (b), pH and temperature (c) on the
stability of chickpea protein foam 30 minutes after foam formation
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Table5. Variance analysis of the effect of independent variables on the stability of chickpea
protein foam 180 minutes after foam formation

Source Sum of Squares  df Mean F- p-value
Square value
Model 1287/11 14 91/94 8/86 < significant
0.0001
A-Time 273/17 1 273/17 26/34  0/0001
B-Temperature 29/39 1 29/39 2/83  0/1130
C-pH 401/00 1 401/00 38/66 <
0.0001
D-Water/meal ra 5/60 1 5/60 0/5399  0/4738
AB 57/19 1 57/19 5/51  0/0330
AC 6/25 1 6/25 0/6026  0/4497
AD 6/25 1 6/25 0/6026  0/4497
BC 6/48 1 6/48 0/6243  0/4418
BD 6/29 1 6/29 0/6068  0/4481
CD 6/25 1 6/25 0/6026  0/4497
A? 530 1 5/30 0/5107  0/4858
B2 65/52 1 65/52 6/32  0/0239
C2 95/47 1 95/47 9/20  0/0084
D2 530 1 5/30 0/5107  0/4858
Residual 155/59 15 10/37
Lack of Fit 134/75 10 13/48 3/23  0/1036 not
significant
Pure Error 20/83 5 4/17
Cor Total 1442/70 29
Std. Dev.  3/22 R2 0/8922
Mean 41/10 Adjusted R? 0/7915
CV.% 7/84 Predicted R? 0/4880
Adeq Precision 11/0888
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Fig. 4. The interaction of time and pH (a), time and temperature (b), the pH and temperature (c) on
the stability of chickpea protein foam 180 minutes after foam formation
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ARTICLE INFO ABSTRACT

Article History: Chickpea protein is considered a high-quality natural protein and can
Received:2023/9/3 be used as a nutrient or the main ingredient of foods, useful for human
Accepted:2024/8/26 health. In this study, the effect of four independent variables

including time (20-60) minutes , temperature (4-35) degrees of
Celsius, pH (8.50-10) and solid to solvent ratio of (1:10 — 1:15) was
investigated on the optimization of the physicochemical properties of
Optimization, Anna variety chickpea protein, and its functional properties, including
foam formation capacity and stability (in 30 and 180 minutes). For
this purpose, 30 standard runs were performed using the response
Chickpea protein, surface method, central composite design including 6 repetitions at
the central points. The maximum foam formation capacity and
stability was obtained with optimal conditions of temperature of 4.055
°C, time of 54.27 min, pH value of 8.517 and solvent to solid ratio of
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10.22034/FSCT.22.158.31. 1:10.220. The highest foam stability was observed after 40 minutes,
*Corresponding Author E- at pH equal to 8.5. The results of this research showed that the
n.zamindar@khuisf.ac.ir chickpea protein of Ana variety could be used as part of food

formulation, which increases the nutritional value and functional
characteristics of the product.
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