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Optimizing the Formation and Stability of Kabuli Chickpea Protein Foam with Ultrasound
Assistance
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3 6 40 20 5 56 44 34 30

4 12 30 40 4.5 70 54 44 42

5 18 20 20 5 80 36 36 34

6 6 40 20 4 40 40 38 36
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Std.
Dev.

N
Olre
Mean
oSl
C.V.
%

Ol puns

B-Ultrasound Temperature

O geol B gles
C-Centrifuge Time
S Al Ol
D-Isoelectric pH
PH 3150
AB

AC

AD
BC
BD
CD

A2

BZ
CZ
D2
Residual
s lile b
Lack of Fit
Slnpde
Pure Error
ol gl
Cor Total

4.02 R?

Adjusted

60.97 -

Predicted
6.60 R

Adeq
Precision

1008.20

1280.00

9.80

6.25
552.25

2.25
42.25
210.25
306.25

506.09

1146.67
1.38
1465.12

388.81

186.81

202.00
7414.97

0.9476

0.9170

0.8895

20.5663

Nl e e

1
1
1

24

10

14
38

1008.20

1280.00

9.80

6.25
552.25

2.25
42.25
210.25
306.25

506.09

1146.67
1.38
1465.12

16.20

18.68

14.43

62.23

79.01

0.6049

0.3858
34.09

0.1389
2.61
12.98
18.90

31.24

70.78
0.0851
90.44

1.29

0.0001

0.0001

0.4443
0.5404

0.0001
0.7127
0.1194
0.0014
0.0002

0.0001

0.0001
0.7730

0.0001

0.3201

not
significant
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One Factor One Factor One Factor
] ‘Warning! Factor involved in multile interactions. w0 Viaming!Factor involved n multipl interactions. 120 ] Warming! Factor involved in multple interacticns.
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120
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50

C: Cetrifuge Time (min) D: Isoelectric pH

z 3
(D g0l p Gbos (AN ol p 0L F1-2 S

Foaming Capacity (ml)

6 9 12 15 18
A: Ultrasound Time (min)
Foaming Capacity (ml)
4/8
4/6
a/4
4/2
20 25 30 as 40
B: Ultrasound Temperature (°C)
Foaming Capacity (ml)
a8
4/6
4/4

20 30 40 50 60

C: Cetrifuge Time (min)
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3558 g p S JSiS b b 69, 5 () S nIpH Y 5k Sl 0L

127

128
129



EJATg;Mv\{Z@‘)&Lk.ﬂﬁ\jéha)‘)wb‘x}ﬁ&:ﬂjﬁd{p«;q}LGMQ‘}FJ)‘}AQ%}SL{
@)

Y=-1182.2849.26A-13.07B+2.15C+603.32D-0.04AC+0.72BD-0.43CD-0.27A?+0.15B>
-67.35D? (R2-0.9405)

Cc(:ljfszjt,«s\q-):);;f.p\}éb:B (ais5) O gol 3 Ol sles A (o) 35555 55 5 (oS K5 Cud LY alasly ol 55 oS

il o oS Sy 5 IpH 3l D g (a2ds) 55i mle Ol sles

(5 o) 4885 30 0 39505 pii9 9 & (Sil0L-2-3
cM)@uouaub)UTLrjébJJ JAKJV\.AJJJPwfﬁ)ﬁ(@JSO)J&J‘J{‘QGE)J‘&‘J;\) WEJ‘JJSSLTGEJ(‘I')J}A’
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423530 5 ST (6, 5 650 Dogeol 3 sles 45T AL e Lre pl 4 9 3,0 g g BB sl ol iasn L aS s ) e

S0 oS S ) e

43> 30 53 5556 g S 551N p Jies sl piie S bls T 4 J g

Mean
Source sumof  df guiare
. Squares >3 ‘. P-
& Li S value  value
e Sl aac w3l )
Olay ye
Model < L
e 2540.22 14 181.44 55.22 0.0001 significant
A-Ultrasound Time
Dl s 1.80 1 1.80 0.5478 0.4664
it et A
B-Ultrasound Temperature
ot ela 3.20 1 3.20 0.9739 0.3336
Sl b gles

130

131

132

133

134

135

136

137

138

139
140
141
142
143
144
145
146
147

148

149

150



Std.
Dev.

NI
Sbas
Mean
oSl
CV.%

O i

C-Centrifuge Time
S5t Al Ol
D-Isoelectric pH
PH 3155
AB

AC
AD

BC

BD
CD
A2
B2
C2

D2

Residual

sdile 3L
Lack of Fit

Sln pde
Pure Error
u.all;‘- sl
Cor Total

1.81 R?

Adjusted
45.85 -
Predicted
3.95 R2
Adeq
Precision

20.00

9.80

16.00
16.00
4.00

169.00

81.00
25.00
888.52
54.59
200.28

432.25

78.86

39.43

39.43
2619.08

0.9699

0.9523

0.9360

22.5204

10

[3XY

N el e

e

24

10

14
38

20.00

9.80

16.00
16.00
4.00

169.00

81.00
25.00
888.52
54.59
200.28

432.25

3.29

3.94

2.82

6.09

2.98

4.87
4.87
1.22

51.43

24.65
7.61
270.40
16.61
60.95

131.55

1.40

0.0211

0.0970

0.0372
0.0372
0.2808
<
0.0001
<
0.0001
0.0109
<
0.0001
0.0004
<
0.0001
<
0.0001

0.2744

not
significant
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One Factor One Factor One Factor One Factor

T ‘Waming! Factor involved in multiple interactions. o Waming! Factor involved in multipie interactions: n Warfung! Factor invoived in multipie iNteracbons. nd Waming! Factor invoived in multiple interactions.
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Optimizing the Formation and Stability of Kabuli Chickpea Protein Foam with Ultrasound
Assistance

Abstract

Recently, the use of plant proteins to replace the proteins obtained from animal sources has increased due to
the supply of food from more sustainable sources. Chickpea is the third most grown legume in the world with
relatively high protein content and is considered as an excellent source of protein. One of the important aspects
in the production of high quality plant protein materials for use in food formulations is to identify a suitable
and new extraction process. In this research, the response surface method, central composite design and Design
Expert software were used to investigate the effect of the variables of ultrasound time (6-18minutes),
ultrasound temperature (20-40degrees of Celsius), centrifugation time (60-20minutes) and isoelectric pH (4-
5) on the foaming capacity and stability. The number of performances according to the design proposal was
39 performances with 7 repetitions at the central point and 2 repetitions at the axial points. The results showed
that the quadratic statistical model could be used with high accuracy to predict the dependent
variables(p<0.0001); Changes in ultrasound time had a significant effect on foaming capacity and foam
stability (60 minutes)(p<0.05); Changes in ultrasound temperature had a significant effect on foam formation
capacity(p<0.05); Centrifuge time changes had a significant effect on foam formation capacity, foam stability
in 30, 60 and 90 minutes(p<0.05); Isoelectric pH changes had a significant effect on the foam stability in 60
and 90 minutes(p<0.05). The obtained results showed that the optimal capacity of foam formation and its
stability at the ultrasound time of 11.967 minutes, the ultrasound temperature of 20°C, the centrifugation time
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of 20minutes and the isoelectric pH of 4.442 were in good agreement with the experiments performed (p< 279

0.05). 280
Keywords: Protein Extraction with Ultrasound Assistance, Foam Formation Capacity, Foam Stability, 281
Chickpea Protein 282
283
284
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