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Abstract
The objective of this study was to investigate the effect of the ultrasound on the functionality of green pea aquafaba (GPA).
Ultrasound (20 kHz) (US) was applied at different levels and durations (50%, 200 W; 75%, 310 W and 100%, 430 W for 10, 20 and 30
mins). Foaming capacity (FC), foaming stability (FS), emulsifying activity index (EAI), SDS-PAGE and the rheological properties of
whipped cream were determined on the ultrasound applied products. Central composite response surface design was applied and
mathematical model was derived to explain the change in the samples. It was found that foaming capacity of green pea aquafaba
increased from 575 to 725 % by increasing ultrasound level from control to 100% for 20 min. In addition, foaming stability increased
except at 100% US level for 30 mins. A negative effect was observed in the emulsion activity index. No signi�cant change (P>0.05) was
obtained from the electrophoresis pro�les from the control sample at 100% US for 10 min. It was also determined that ultrasound
broke up protein structure at 100% US level for 15.46, 20 and 30 mins. According to the rheological results, the consistency coe�cient
(K’) and �ow behavior index values (n’) of egg white, optimum and control whipped cream samples were determined as 17.8, 8.1 and
4.6 Pa.sn and 0.38, 0.46 and 0.51, respectively. In addition, the frequency results of whipped cream samples, the K’ and n’ values egg
white, optimum and control whipped cream samples 617, 217 and 184 Pa.sn and 0.11, 0.23 and 0.21, respectively (R2=0.980).

Introduction
Remained water after cooking of dry pulses is called aquafaba (He et al., 2021). Aquafaba was �rstly put forward by Joel Roessel, a
vegan French musician who was using chickpea aquafaba  to egg white susbstitue as a foaming agent. (R´evolution v´eg´etales,
2022). Aquafaba is obtained not only from chickpea, but also from lentil, pea and different beans (white, kidney and broad). The
studies of aquafabas usage in different food products; gluten-free bread for improving of structure (Bird et al., 2017), gluten-free
crackers in terms of texture and meringue (Stantiall et al., 2018), sponge cake as an egg replacer (Mustafa, He, Shim, & Reaney, 2018)
and cake (ASLAN & ERTAŞ, 2020), vegan mayonnaise as an emulsi�er (Raikos, Hayes, et al., 2020) and yoghurt as a gelling agent
(Raikos, Juskaite, et al., 2020) carried out. As seen aquafabas have foamability, emulsibility and gelation properties. In addition,
aquafabas are plant-based, by-product of canning industry and easy to obtain (not need for isolation or extraction of proteins) makes
them advantageous. And also, many of these studies were done with chickpea aquafaba. In previous study green pea and green lentil
aquafabas have showed maximum foaming capacity and stability (Kilicli & Toker, 2022). Moreover Stantiall et al. (2018) reported
sensory analysis of meringues have showed low acceptance for whole green lentil and high acceptance for   split yellow pea.

The functional properties such as foaming, emulsi�cation, gelling and thickening of aquafaba is originated from protein and
carbohydrates (Serventi, 2020). Therefore, some studies used high pressure and ultrasound, which were novel technology and
commonly applied in food industry in order to enhance aquafaba’s technological properties. Alsalman and Ramaswamy (2021a)
investigated of carbohydrate quality of high-pressure treated chickpea aquafaba. The authors found that high pressure treatment
increased consistency coe�cient, G’ and also improve starch digestibility and increased resistant starch. Same authors (2021b)
investigated the protein quality of high-pressure treated chickpea aquafaba. They reported that high pressure contribute to emulsion
properties and also reduce protein aggregates and increase protein digestibility. Therefore, the reduced protein aggregates will reduce
the folded structures and will also improve aquafaba's foaming properties. 

The other technology is ultrasound, which is using different purposes and also enhance technological properties such as foaming and
emulsifying  (Soria & Villamiel, 2010). Ultrasound, which is a novel technology, has been a traditional method in recent years.
Ultrasound can be divided into two frequency ranges: low frequency (20 kHz–100 kHz in this range human hearing is from around 20
Hz to ∼20 kHz) and high frequency (100 kHz–1 MHz) (Feng et al., 2011; Hu et al., 2013; Jambrak et al., 2014). High-intensity
ultrasound is generally used to modify the techno functional properties of foods (Hu et al., 2013). The effect of ultrasound on liquid
systems is explained by the locally very high temperature (2500-5000°C) and pressure (1000 atm) formation as a result of cavitation (C
Arzeni et al., 2012; O'sullivan et al., 2016). In the previous studies, ultrasound has been applied to different protein sources [egg white
(Carolina Arzeni et al., 2012), jackfruit seed protein isolate (Resendiz-Vazquez et al., 2017), faba bean protein (Martínez-Velasco et al.,
2018) and whey protein (Jambrak et al., 2014)], and has effected some properties such as foaming, emulsi�cation, viscosity and
particle size.

Meurer, de Souza, & Ferreira Marczak (2020) applied ultrasound (50 and 100% power capacities and time intervals 10, 20 and 30 min)
to chickpea aquafaba. Ultrasound treatment improves foaming and emulsifying properties and also increases the L* (lightness) value.
The authors also analyzed of foam and aquafaba based meringue’s textural parameters (hardness, consistency and adhesiveness).
Foam and meringue made with treated aquafaba showed enhancement when compared to using not treated sample. Moreover, when
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compare the meringues made with ultrasound treatment aquafaba and egg white results showed treatment aquafaba can be egg
replacer.

Large Amplitude Oscillatory Shear (LAOS) analyse is a new technique to determine the behavior of the product in non-linear region.
LAOS gives an insight about how a material behaves under high deformation values (Ewoldt et al., 2008). The aim of this study was to
determine the effect of ultrasound on the functional properties (foaming and emulsifying) and the moleculer weight of GPA. On the
other hand, the rheological properties (viscosity, viscoelastic and LAOS) of GPA-based whipped cream were investigated. Because the
rheological analyses of aquafaba are important for understanding the gel forming ability and physical status. These analyses can give
an information about the structural organization of food (Alsalman & Ramaswamy, 2021b).

Material And Methods
Materials

Dry green pea (Russia, 2019), sun�ower oil, egg white (from local market) and powder sugar (SMS Kopuz, Istanbul, Turkey) were used
in the study. 

Aquafaba preparation

Dry green peas were soaked in distilled water at 250C for 16 h (Stantiall et al., 2017). Soaked green peas were drained and the grains
were washed for twice using tap water. Then, the grains were cooked in Thermomix as the ratio of 1.5:1 (w/w, water/grain). The
drained water was taken as aquafaba. Then, green peas aquafaba (GPA) was evaporated by using a rotary evaporator (Buchi,
Rotavapor R-220 SE, Switzerland). The evaporation was carried out up to 10o Brix in the aquafaba.

Experimental Design (Ultrasound treatment)

The ultrasonic treatments were applied by using an ultrasonic processor at a frequency of 20 kHz and amplitude between 50 and 100%
(Hielscher, UIP1000hdT, Germany). GPA (500 ml) was put in a double wall reactor, which was connected to a cold bath to provide that
temperature would not exceed 25°C. In the study, central composite response surface design software (Design-Expert, Stat-Ease Inc
version 7.0, Minneapolis) was used to determine the effect of ultrasonic power (A, amplitude) and time (B) (Table 1). 

Foaming properties

Foaming capacity (FC) and foaming stability (FS) were determined according to modi�ed procedure of (Shim et al., 2018) for GPA.
Thirty-millimeter of GPA was whipped at Speed 5 level for 4 min in a 500 ml plastic beaker with a mixer (Tefal Mastermix 425 Watt,
France). After whipping, the foams were transferred to a 250 ml graduated plastic beaker.  The foam volumes of the whipped samples
were measured at t=0 (VF0) and t=30 min (VF30), and FC and FS were calculated using the following equations.

where FC and FS are a percentage, Vf0: �rst volume, Vsample: after 4 min (volume), Vf30: the rest of foam after 30 min, all of them as
ml.

Emulsifying activity index (EAI) by visual analysis

Emulsifying activity index (EAI) was measured according to (Cooper & Goldenberg, 1987; Mustafa, He, Shim, & J. T. Reaney, 2018).
Emulsions were prepared with 40 mL of aquafaba and 60 mL of sun�ower oil (Biryag, Istanbul Turkey) by mixing for 1 min with a
mixer (Ultra-Turrax, Daihan, HG-15D, Ukraine) at a speed of 10,000 rpm. Emulsion was transferred to a 100 mL graduated cylinder and
stored at room temperature. The emulsion volume was recorded at t=1 min and after 24, 48 h and 4 days. EAI was calculated using
following equation:
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where Vi is the emulsion volume (ml) at time 0, and Vt is the emulsion volume (ml) of emulsion after time t.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis

SDS-PAGE analysis was performed according to the method described by (Laemmli, 1970) using Mini-Protean protein gels (BİORAD,
TGX, USA). Firstly, GPA’s proteins was precipitated by using ethanol according to Arruda et al. (2019). The sample solutions were mixed
at 1:2 (v/v) ratio with a sample buffer (0.5 M Tris–HCl pH 6.8, glycerol, 10% SDS, w/v, 0.5% bromophenol blue, w/v, β-mercaptoethanol)
and heated at 95 ˚C for 4 min before loading. Each sample (30 μl) was loaded onto the gradient gel. The gel was run at a constant
current of 120 V in an electrophoresis system (Mini-PROTEAN®System, Biorad). The molecular masses of protein bands were
estimated by known molecular weight (MW) markers (Biolabs Inc., P7703S, USA). Then, the gels were stained with a solution consist of
0.25% (w/v) coomassie brilliant blue (R-250) and visualize at Imaging System (Chemi Doc MP, BIORAD, USA). 

Preparation and Rheological properties of whipped cream

Preparation of whipped cream

Whipped cream prepared according to (Meurer et al., 2020) by using untreated and treated GPA by the ultrasound (US100-15.46-
optimum condition) and egg white. The foaming agent (aquafaba or egg white-40 g) was whipped for 2 min with a mixer (Tefal
Mastermix 425 Watt, France) at Speed-level 4. After foam produced, 32 g of powder sugar was added and whipped for 3 min at Speed-
level 5 until stable cream obtained. Afterwards the rheological properties of whipped creams were measured.

Rheological properties (Viscosity, viscoelastic and LAOS)

The rheological measurements of whipped cream samples were carried out using a rheometer (Anton Paar, MCR-302, Austria) at a
temperature of 25°C with a 50 mm parallel plate at 0.5 mm gap distance.

Viscosity Analyses

Analyses were carried between 0.1-100 1/s shear rate values and shear stress values were obtained. Using the Herschel–Bulkley
equation (Eq.1), k, n and   values were calculated.

Where τ is shear stress (Pa), τ0 is yield stress (Pa), k is consistency factor (Pa.sn) , γ is shear rate (1/s) and n is �ow index. Using shear
stress and shear rate data to �t in the Herschel–Bulkley, the consistency factor and �ow behavior index were calculated.

Frequency Sweep Analyses

Amplitude sweep analyses were carried out to determine the linear viscoelastic range of aquafaba samples and observed as 0.5%.  
Using this strain value as constant, the frequency analyses were carried out between 100 and 10 rad/s. The storage modulus (G ) and
loss modulus (G ) values were obtained.

Large Amplitude Oscillatory Shear (LAOS) Analyses

Large Amplitude Oscillatory Shear Analyses (LAOS) analyses were carried out by using LAOS Module in RheoCompass software (ver
1.19, Anton Paar, Austria). Strain values between 0.05 and 500% were applied at constant 10 rad/s frequency to obtain storage
modulus (G ) and loss modulus (G ) values. Lissajous-Bowditch curves were plotted with Origin Pro (ver.2018, OriginLab,
Massachusetts, USA) software program by using  (normalized stress),  (normalized strain) and  (normalized strain rate) values. 

Statistical analysis

The study was carried out with two replicates and each analysis was done three times in each replicate. The Design Expert (Stat-Ease
Inc. version 7.0, Minneapolis) program was used for data analysis. ANOVA, the analysis of variance was used to determine if the
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differences between the parameters of the samples were signi�cant or not (p£0.05). Computational work including predicted
equations, analysis of variance, �tting of the models and graphical representations (contour plots) was performed using a Design
Expert. Differences with p values < 0.05 were considered as a statistically signi�cant effect of the corresponding factor on the
parameters. 

Results And Discussion
Foam properties

The response surface plots for two variables as a function of two major factors (ultrasound time and power) are shown in Fig. 1.
Former variable factor, which is foaming capacity of GPA is enhanced by ultrasound in all treatments. As seen in Table 1, while the
control sample foaming capacity of 575%, the ultrasound treatments increased foaming capacity up to 725% of GPA (p£0.05). For the
samples treated with 20 and 30 min at 50% US treatment and 10 and 20 min at 75% US treatment had no signi�cant difference
(p>0.05). Meurer et al (2020) applied ultrasound to chickpea aquafaba and improved foaming capacity from 259 to 550 %. When the
increasing rates of foaming capacity at chickpea and green pea aquafaba were compared, chickpea aquafaba increased by at least
40% with ultrasound treatments, the maximum increase was 26% in GPA. As reported by many authors, ultrasound was applied for pea
protein (Xiong et al., 2018), bean protein (Martínez-Velasco et al., 2018) and soy protein isolates (Morales et al., 2015), which it was
found that foaming capacity increased after sonication at variable intensity and time. This improvement due to reduced particle size,
partial denaturation and also unfolding of protein structure, which is enhance hydrophobicity of food proteins and strong correlation
between foaming capacity and hydrophobicity (Higuera-Barraza et al., 2016; Jambrak et al., 2008; Tan et al., 2015; TOWNSEND &
Nakai, 1983). Arzeni et al (2012) studied with egg white and applied ultrasound at 20 and 40% amplitude for 20 min. They reported
that after sonication, the air-water intensity decreased and the surface hydrophobicity increased. In pea protein isolate (Xiong et al.,
2018) with extension of time and increasing power (amplitude) surface tension decreased and resulted with increasing foaming
capacity.

The foaming stability of GPA is shown in Table 1. The samples treated (ultrasound) and untreated had no signi�cant differences
(p>0.05) except at 100% power for 30 min (p£0.05). The foam stability was not similar for chickpea aquafaba and GPA. While the
stability of chickpea aquafaba was approximately 40 % at untreated sample, the stability increased to 80% at 100% US power level for
30 min (Meurer et al., 2020). It has been reported that ultrasound contributes to foam stability in both chickpea aquafaba (Meurer et al.,
2020) and other vegetable proteins (Martínez-Velasco et al., 2018; Xiong et al., 2018). But, the foam stability of GPA was above 95% in
all samples, it was decreased to 84% at 100% US power level for 30 min. The decrease in foam stability may be due to the high-power
level and also long duration. Additionally, the foaming capacity decreased at 75% US power level for 30 min and 100% power for 30
min. The ultrasonic processor, which occurs high pressure and cavitation may have broken or damaged the hydrophobic bonds in
terms of foam properties (Jiang et al., 2014; Pallarès et al., 2004).

The �tted model for foaming capacity and foaming stability explained with modi�ed model in Table 2 (R2=0.991 and R2=0.988,
respectively). The �tted model for foaming capacity and foaming stability was signi�cant (p£0.05) and the lack of �t was not
signi�cant (p>0.05) (Table 3). While x1 (power) parameter was more effective in foaming capacity, x1*x2 (power*time) was effective in
the foaming stability. A numerical optimization technique was used to optimize the foaming properties. Software suggested for
foaming capacity and foaming stability parameter 100% US power level for 15.46 min. Additionally, the predicted values were
determined as 714.68 and 97.15, respectively. The experimental values were also found as 688.33±7.07 and 95.64±0.73 (Table 2).

In addition, the foam of chickpea aquafaba, which was untreated sample and ultrasound treated at 50% power samples could not
resist gravitational force and did not remain on the spoon. Even GPA foam of untreated sample resisted gravitational force and
remained on the spoon (Fig. 2).

Emulsifying properties

Emulsion activity index (EAI) of untreated and ultrasound treated samples were observed through 1, 24 and 48 h and 4 days and taken
photos of the all samples after 4 days in Fig. 3. No phase separation for any GPA samples was observed after 1 h. However, after 24 h
porous structures began to form and EAI could not determine at ultrasound treated samples. After 96 h porous structures more and
more occurred in emulsions. Untreated (control) sample exhibited breakage or disintegration without phase separation. Any phase
separation was not observe after 1 h for the chickpea aquafaba emulsions. But after 24 h phase separation was observed in all
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samples. After 96 h, the EAI of untreated samples were found less than 90% and the other samples more than 95%.(Meurer et al.,
2020). The results show that while sonication improves chickpea aquafaba emulsions, a negative effect was also found on GPA
emulsions.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis

SDS-PAGE analysis was performed to observe the effect of ultrasound treatment on the molecular weight changes of GPA proteins and
the results are illustrated in Fig. 4. As seen, the control and ultrasound treated of GPA proteins showed bands with apparent molecular
weights of approximately 17, 27, 37, 50 and 75 kDa. Additionally, 100% power for 15.46, 20 and 30 min of the samples showed low
molecular weight (approximately 27 kDa and below 25 kDa) and broken down by ultrasound. Xiong et al. (2018) studied with pea
protein isolate applied high intensity ultrasound at different levels of amplitude (0, 30, 60 and 90%) for 30 min. The major bands of pea
protein isolate suspensions were localized between 13 and 75 kDa, which composed of 13, 30-35, 40, 55 and 75 kDa; legumin B, vicilin,
legumin A, vicilin and convicilin, respectively. Another pea proteins investigation showed bands with apparent the molecular weights of
approximately 25, 37, 50 and 75 kDa; vicilin, legumin A, vicilin and convicilin, respectively (Jiang et al., 2014; Peng et al., 2016).
Ultrasonication did not induce signi�cant changes (p£0.05) in the pattern of protein electrophoresis from control sample to 100%-10
min. The similar results were reported by above-mentioned researchers. But ultrasound broke up proteins structure 100% power for
15.46, 20 and 30 min. Therefore, the foaming stability could have decreased to 84% for 30 min at 100% power. Pea protein isolate’s
foaming capacity increased by ultrasound induced molecular unfolding with resulted in more hydrophobic groups but also foaming
stability decreased throughout (Xiong et al., 2018).

Rheological Analysis

Viscosity Analysis

Chickpea aquafaba arises as an alternative for replacement egg white (Minh Nguyet et al., 2021). Rheological analyses are necessary
measurements for using aquafaba in food products to substitute egg-white and to have a better understanding of using percentages
and the possible effects on texture and palatability of food products (Alsalman et al., 2020). According to Fig. 5 (a-b) and Table 4, all
samples showed pseudoplastic �ow type (n<1) and egg-white had a higher viscosity than optimum and control samples. According to
Alsalman & Ramaswamy, (2021) the n  values for aquafaba produced from chickpeas were found between 0.18 ± 0.01 and 0.49 ±
0.01, and the behavior of samples indicated as shear-thinning effect and pseudo-plastic behavior. Also, Minh Nguyet et al., (2021)
worked on a vegan aquafaba whipped cream from chickpeas and they found viscosity values as egg-white as 20.89 ±1.93 cP and
chickpea cooking water as 2.57±0.20 cP. The results of the present study are compatible with the existing literature. 

Meurer et al., (2020) studied the effects of ultrasound on the technological properties of chickpea aquafaba and as a result, where
protein solubility and density were not changed by ultrasound treatment, viscosity values had a slight increase. The variation of
ultrasound power capacity has a major in�uence on the foaming and emulsifying properties of aquafaba. In a general conclusion, it is
possible to state that the use of ultrasound in aquafaba promotes an effective improvement in its foaming and emulsifying properties,
having a great potential to be used as an egg replacer.

Frequency Sweep Analysis

Fig. 5c shows the change of the   (storage modulus),  (loss modulus) with angular frequency. It can be observed
that  >    for all angular frequency values for all samples. Egg-white has the highest    values followed by
optimum and control samples, respectively. Since egg-white contains animal protein it is expected to have the highest
elasticity values. Alsalman et al., (2020) studied the effectiveness of aquafaba to replace egg-white and rheological
behavior of chickpea aquafaba and found that at lower frequency values  > for the most of the runs but as the
frequency increases   gets higher values than   the cause of formed gel network.  It can be seen that the optimum
sample has a higher   value corresponding to higher elasticity than the control sample, which can be concluded as
ultrasound treatment improved elasticity in the sample. Also, Table 5 shows K' and K'' values according to Power
Law Model and it can be seen that egg-white has the highest values followed by optimum and control, respectively.

LAOS Analysis
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LAOS method is used for determining the change that occurs in the rheological properties of the sample from linear to non-linear
regions (Ewoldt et al., 2008). The difference between small amplitude oscillatory shear  (SAOS) tests and LAOS is that SAOS tests are
carried out in the range of linear viscoelasticity, which material will not be damaged during the analyses was not and observed
changes can describe the basic mechanical properties (Pawel Ptaszek, 2017). LAOS data gives an insight into the material structure
and can be used to optimize formulations of food materials that can be subjected to forces within the non-linear strain range in the
processing stage (Ewoldt, 2013). LAOS data can be analyzed by different methods such as Fourier-transform rheology, Lissajous
curves, and in this study, Lissajous curves were used to explain the non-linear behavior of aquafaba (Pawel Ptaszek, 2017).   According
to Fig. 6a, it can be seen that the egg-white sample has higher G' values than the control and optimum samples. 

Fig. 6b shows the Lissajous curves of the products at different strain values (0.244%, 20.8%, 74.3%, and 500%). It can be seen that at
0.244% elastic component of the egg-white is more elliptical than the optimum and control products which show that egg-white is
more elastic than the others at 0.244% and 20.8%. As the strains increase for all samples, the shape of the Lissajous �gures becomes
more squared elliptical. Paweł Ptaszek (2014) studied on the LAOS behavior of egg-white foams and revealed that the obtained foams
had elastoviscoplastic properties. Also, it has been mentioned that the rectangular shape of Lissajous �gures indicates the ideal plastic
system meaning the response of the system to an applied strain is a square wave. This information shows that as the strain increases,
all the samples show not only ideal plastic behavior but also shows viscoelastic behavior. This elastoviscoplastic behavior is more
observable in the egg-white product than in other samples. 

Conclusion
utilization of by-products (aquafaba) has gained increasing attention due to plant-based nutrition and increase in new egg replacer
needs in worldwide. While ultrasound improved foaming properties, it has a negative effect on emulsion stability. The variation of
ultrasound power and time has major in�uence on the foaming capacity and foaming stability. Moreover, according to SDS-PAGE
results the highest foaming capacity is obtained at 100% amplitude for 20 min as weel as the lowest stability at 100% amplitude for 30
min. In this study, green pea aquafaba (GPA) was used as an egg substitute in whipped cream formulation. Ultrasound increased the
viscosity and G’ value compared to untreated sample. According to results of the study, it can be said that GPA has a potential as an
egg replacer at different food formulations and a good plant-based alternative. 
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Table 1 Central composite response surface design and calculated 
  responses under different ultrasound conditions.
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Run Power (A) Time (min) FC (%) FS (%)

1 0 0 575 ± 12a 95.67 ± 2.20a

2 50 10 643 ± 14bc 97.40± 0.05a

3 50 20 658 ± 12bcd 98.31 ± 0.98a

4 50 30 658 ± 12bcd 97.97 ± 0.75a

5 75 10 668 ± 21bcd 97.25±0.44a

6 75 20 658 ± 12bcd 98.22±1.11a

7 75 20 667 ± 0bcd 98.75±0.35a

8 75 30 633 ± 0b 98.16±1.12a

9 100 10 683 ± 0cde 97.56±0.00a

10 100 20 725 ± 12e 95.40±0.07a

11 100 30 693 ± 9de 84.12±2.26b

   Different letters in the same column indicate significant differences (p < 0.05). 
   Data are the means ± SD of three replicates.
 
Table 2 Predicted models for the experimental data of the model green pea aquafaba and predicted and experimental
values of the optimum conditions.
Parameter Model Predicted models  R2 Predicted Experimental

FC Modified 2.59x1 + 3.59x2 - 0.21 x1x2 - 0.02x1
2 + 0.32x2

2 + 3.21*10-3 x1
2

x2 – 6.71*10-3 x1x2
2

0.991 714.68 688.33±7.07

FS Modified 0.70x1 - 3.84x2 + 0.10 x1x2 - 0.01x1
2 + 0.04x2

2 - 5.87*10-4 x1
2

x2 – 7.87*10-4 x1x2
2 +1.18*10-4 x1

3

0.988  97.15 95.64±0.73

x1: Power (amplitude) x2: Time (min).

Table 3 ANOVA results of models
Variance Model x1 x2 x1*x2 x1

2 x2
2 x1

2
*x2 x1*x2

2 x1
3 Lack

of fit
Adjusted

R2
Predicted

R2
Adequate
precision

F F F F F F F F   F F F F
FC 48.32a 68.52 18.11 0.065 35.68 16.98 35.60 11.71   1.30b 0.970 0.88 27.054
FS 21.19a 15.56 0.41 48.57 16.40 7.62 17.81 5.12 5.94 13.27b 0.941 N/A 16.088

a P<0.05 b, P>0.05, x1: Power (amplitude) x2: Time (min).

 Table 4 Herschel-Bulkley Flow Model Parameters

Sample   k (Pa.sn)       n     (Pa) R2

Egg-White 17.809±2.641 0.389±0.026 80.402±3.774 0.991

Optimum 8.183±1.710 0.469±0.039 23.314±2.925 0.984

Control 4.67±0.310 0.510±0.013 9.394±0.585 0.999

k: consistency factor, n: flow index

 

Table 5 Power Law Model Parameters for Frequency Analyses (G'=K'n', G''=K''n'')
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Sample K'[Pa]  n' R2 K''[Pa] n'' R2

Egg-White 617.47±169.07 0.114±0.01 0.998±0.0023 95.77±22.69 0.189±0.003 0.998±0.0007

Optimum 217.14±10.09 0.237±0.003 0.993±0.0001 76.628±3.62 0.225±0.0008 0.999±0.0001

Control 184.55±16.28 0.217±0.022 0.996±0.004 62.533±2.48 0.232±0.001 0.999±0.0001

Figures

Figure 1

Effect of ultrasound on green pea aquafaba’s foaming properties.
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Figure 2

Front and upper view of whipped cream and aquafaba foams (untreated and ultrasound treated). Pictures were taken immediately
after whipping.
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Figure 3

Emulsions after 96 hours of untreated (control) and treated by ultrasound at variable power and time.



Page 14/16

Figure 4

SDS-PAGE patterns of untreated and treated by ultrasound green pea aquafaba proteins with molecular weight marker (standard).
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Figure 5

a-b) Viscosity (Pa.s) and shear stress values (Pa) of egg-white, optimum and control products according to change in shear rate (1/s).
c) Frequency sweep graphs of control, optimumm and egg-white products.  
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Figure 6

a) LAOS analyses of products at different strain values. b) Elastic (�rst line) and viscous (second line) Lissajous curves of products at
different strain values (0.244%, 20.8%, 74.3% and 500%).           


