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Abstract

This study investigated different methods of extoac of protein fromGanxet beans
(Phaseolus wulgaris L. var. Ganxet) and evaluated the functional pridpe of these
valuable proteins. Overall, ultrasound process#@ KHz, 250 W) resulted in higher
yields and increased percentages of material dadetiand proteins recovered. The
highest percentage of recovered protein was olgtaafeer extraction using 0.4 M
NaOH followed by ultrasound processing for 60 mindawas calculated as
78.731£4.88% [§<0.05). Extraction using 0.4 M NaOH followed by smation for 60
min resulted in the highest yield and percentagsotdibilized material calculated as
37.98 = 0.02 and 54.58 £ 0.19%, respectivgdy0(05). The water- and oil-holding
capacities of theGanxet protein concentrate were calculated as 2.33+0.1@ an
2.69+0.32 g of water or oil per g of protein corcate, respectively. The highest
emulsifying capacity was observed at pH 8.0 and eaé=ulated as 69.4+0.8%.
Keywords: functional properties, vegetable proteins, prot@xtraction, protein

solubilization, common beans, Ganxet beans, ultmad@ssisted extraction
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1. Introduction

Common beansPhaseolus vulgaris L.) are a group of plants that fix atmospheric
nitrogen and are included among pulses. Dry seédommon beans are excellent
protein sources. Indeed their protein content carup to three fold higher than in
cereals (Rivera, Roselld, & Casafas, 2015) andriboté to approximately 6 g of
protein per capita and per day in several devetpmgiountries (Luna-Vital, Mojica,
Gonzélez de Mejia, Mendoza, & Loarca-Pifia, 20Ba)1xet beans Phaseolus vulgaris

L. var. Ganxet) are easily recognized for the squashed and hoslkage of their seeds
and are one of the most prestigious bean landradésated in Europe. Indeed, the
Ganxet bean has Protected Designation of Origin status fitee EU (EU, 2011) and is
known for its high protein content, which rangesween 24 and 29% (Rivera et al.,
2015).

Plant-derived proteins are cheaper to produce, wtmmpared to animal-derived
proteins, and an increase in their utilization aepig the latter could be beneficial in
terms of preventing the effects of climate chan@ar¢ia-Vaquero, Lopez-Alonso, &
Hayes, 2017). Isoelectric solubilisation-precipdat (ISP) enabled protein recovery
from a variety of sources including seaweed (KadAfaarez, Tiwari, & O'Donnell,
2017) and fish (Alvarez, Lélu, Lynch, & Tiwari, 28]l When applied to vegetable
sources, this strategy is generally used in contibimnavith enzymatic hydrolysis, which
involves the use of enzymes that degrade the call, iacilitating the release of
proteins and other strategies such as chemicablygils or subcritical water hydrolysis
(Kadam et al., 2017). Non-conventional strategieshsas the use of high pressure
processing, pressurized liquid extraction, micro@g\or sonication can also be used to
enhance the extraction rate and yield of the psoc&onication has shown to be

efficient in facilitating the extraction of sever@mpounds from plant sources such as
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oils (Samaram et al.,, 2015), phenolic compoundsdfigaes, Fernandes, de Brito,
Sousa, & Narain, 2015), and carbohydrates (Chen, Xbbasi, Fu, & Liu, 2015). This
technology can also be used for enhancing the adraof proteins from vegetable-
derived sources. Indeed, Rosell6-Soto et al. (20&6pntly reported a significant
improvement in the extraction of proteins from eliernel after processing using either
electrical discharges, pulsed electric fields, iragounds. In a different study, the use
of ultrasounds in combination with sequential ecticm of proteins allowed the
recovery of practically 100% of total protein fromackerel (Alvarez et al., 2018).
Proteins are used in the food industry not onlytf@ir nutritional importance but also
for their excellent techno-functional propertiesheT majority of proteins currently
utilized as techno-functional ingredients in thedandustry are derived from soy or
animal sources. However, the utilization of animafived proteins is restricted by
cultural, religious, and traditional factors. Indatbn, the proportion of individuals
choosing to follow a vegan diet has increased Baamtly in recent years especially in
more affluent countries (Radnitz, Beezhold, & Dikéat 2015) and the utilization of
vegetable-derived proteins for the developmenteafan foods is one of the top trends
in the food industry. Therefore, the aim of theserg study was to investigate the
efficiency of ultrasound-assisted ISP (ISP-US) pssing on the protein extraction
yield from Ganxet beans and to optimize such extraction using enmentally friendly
technologies. The effect of the extraction methogglon the average molecular weight
(MW) of the isolated proteins was studied and s techno-functional properties

were determined.
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2. Materials and methods

2.1 Chemicals and reagents

Sodium chloride, disodium hydrogen phosphate, gaias dihydrogen phosphate,
sodium hydroxide, and hydrochloric acid were pusgta from Sigma-Aldrich
(Barcelona, Spain). The Quick StartBradford Protein assay kit was purchased from
Bio-Rad Laboratories (Barcelona, Spain). Sodiumedgtsulphate (SDS), tris-tricine
4-20% SDS gels, Coomassie Blue G-250, CoomassikaBriBlue R-250 de-staining
solution, and the Bio-SafeTM Coomassie Blue G-2H&inswere purchased from
Fischer Scientific (Dublin, Ireland). Borges Solm&tsunflower oil (Borges Branded

Foods, Lleida, Spain) was purchased locally.

2.2 Protein extraction and deter mination

Dried Ganxet beans were kindly provided by Fundacié Miquel Agu&arcelona,
Spain. Sample processing was performed at the jpléott of the IRTA Fruitcentre in
Lleida, Spain. Driedsanxet seeds were milled to a thin powder using a MINIMOKA
GR-020 grinder (Taurus Group, Barcelona, Spain)@assed through a sieve of 1 mm.
Sieved samples were mixed with alkaline solutiohdifberent concentrations, listed in
Table 1, at a sample:solvent ratio of 1:10 (w/\heTmixture was homogenized for 30 s
using a T-25 digital ULTRA-TURRARX homogenizer (IKA, Staufen, Germany) at
14,000 rpm. Homogenized samples were immediatelgeal in a stirrer allocated in a
cold room at 4 °C for 15 min. After this period gdes were either left untreated or
processed using an ultrasonic bath (JP Selecta Bafcelona, Spain) operating at 4 °C,
40 kHz, and 250 W for 30 or 60 min. Samples ween tbentrifuged using a Sigma 3-
18 KS centrifuge (Sigma Laborzentrifugen GmbH, @xte am Harz, Germany) at

10,000 xg for 20 min. Proteins in the supernatant were pretgd by shifting the pH
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value to 5.5 (value selected based on prelimiraadstin which we obtained the highest
recoveries). Precipitates obtained were separateximtrifugation at 10,000 ¢ for 20
min, frozen, freeze-dried using a Crydos-50 freézer (Telstar, Barcelona, Spain),
and stored at -20 °C until further analysis.

The total protein content of the dri&Ghnxet beans was determined in duplicate using a
LECO FP628 Protein analyser (LECO Corp., MI) basadthe Dumas method. The
protein content of the solubilized proteins wasedained using the Quick Staf
Bradford Protein assay kit (Bio-Rad Laboratorieg.InCA, USA) following the
manufacturers’ instructions and using BSA as adstah The yield of the extraction
process was calculated as gGsnxet protein concentrate (GPC) obtained per 100 g of
Ganxet bean on a dry weight (DW) basis. The percentagprofein recovered was
calculated based on the yield and the protein comethe GPC using the equation:

Wepc - PCepc .

100
WG * PCG

Recovered protein (%) =

whereW;p is the amount of GPC obtained expressed P(gp. is the protein content

in the precipitated GPC expressed as g of proteinlPp0 g of GPCl/,; is the amount

of milled and sievedsanxet beans used for protein precipitation expressed, iang
PC, is the protein content dbanxet beans expressed as g of protein per 100 g of
Ganxet bean.

The water activity (g of the isolated dried proteins was measuredipfidate using an

Aqualab meter (Decagon Devices Inc., WA, USA) aD220.9 °C.

2.4 SDS-PAGE profile

MW profile of proteins extracted froBanxet bean was determined by means of SDS-
PAGE electrophoresis following Laemmli’'s methodalofl.aemmli, 1970). Freeze-

dried samples were solved in 0.25 M NaOH solutionatfinal concentration of 6
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mg/mL extract/buffer, and vortexed for 30 s. Laemioiffer was added to the samples
at a sample:solvent ratio of 1:1 (v/v) and the om&twas boiled for 5 minutes at 95 °C
in the presence ¢f-mercaeptanol. Pre-cast mini-gels of 4-20% gradiemh Bio-Rad
were employed and a volume of 15 pL of sample waddd. A MiniProtean Il (Bio-
Rad) apparatus was employed to run the gels, wsitigg-glycine buffer, 50 V were
employed for the first 30 minutes, followed by 190until the end of the run, as
recommended by the manufacturer. Finally, Coomastsiming was carried out and
Precision Plus Protein™ Dual Xtra Prestained Pno&andards, ranging from 2 to 250
kDa, were employed. Molecular weight of samples ewvealculated based on the

distance moved from the separation gel, accordiagtcalibration curve{= 0.996).

2.5 Colour evaluation

Colour recordings of the precipitated and freedeediGPC were taken in triplicate
using a Minolta CR-200 colorimeter (Minolta INC, Ky, Japan). CIE values were
recorded in terms ofL* (lightness), a* (redness/ greenness), ant*

(yellowness/blueness). Calibration was carriedusing a standard white tile provided
by the manufacturer and the D65 illuminant, whigpraximates to daylight. Chroma
(C*ap) and difference from the contralE) were calculated following the methodology

described by Wibowo et al. (2015).

2.6 Assessment of functional properties

The water- (WHC) and oil-holding capacity (OHC)the Ganxet protein concentrates
were determined following the method of Raikos, ¢ééeg Russell, and Duthie (2014).
Determinations were carried out in triplicate fack sample and replicate and results

were expressed either as g of water or sunfloweyesig of protein concentrate.
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The foaming capacity (FC) of the isolated protewess determined as described by
Poole, West, and Walters (1984) with some modibeet Briefly, Ganxet proteins
were re-suspended in ultrapure water at a condemtraf 1.5% (w/v) and the pH was
adjusted to either 2, 4, 6, 8, or 10. Protein sasipas were homogenized using a T-25
digital ULTRA-TURRAX® homogenizer (IKA, Staufen, Germany) at 10,000 fpril
min and the volume of foam generated was measuredgraduated cylinder. FC was
measured as the volume of foam generated as anpegeeof the initial volume and
foaming stability (FS) was expressed as the peagendf decrease of foam volume over
time as described by Garcia-Vaquero et al. (2017).

The emulsifying capacity (EC) of the GPC was deteea following the methodology
of Naczk, Diosady, and Rubin (1985) with minor nimditions. Briefly, the freeze-
dried proteins were re-suspended in ultrapure wattex concentration of 1.5% (w/v)
and the pH was adjusted to either 2, 4, 6, 8, ar Tfe protein solution was
homogenized using a T-25 digital ULTRA-TURRAXomogenizer (IKA, Staufen,
Germany) at 14,000 rpm for 30 s. To create emussisanflower oil was added to the
agueous phase containing the suspended protemailt @@ protein solution ratio of 3:2
(v/v) following the methodology published by Gardaquero et al. (2017). Oil was
added in 2 steps. Approximately half of the oil wadded and in the first step the
mixture was homogenized at 14,000 rpm for 30 shénsecond step, the remaining oil
was added and the mixture was further homogenizet4®00 rpm for 90 s. The
emulsion was placed in centrifuge tubes and themel of the emulsion layer was
measured. The EC and the emulsion stability (ES)ewsketermined as previously
described by Garcia-Vaquero et al. (2017). ES wetsrthined immediately after the

emulsion was created.



178

179

180

181

182

183

184

2.7 Statistical analysis

Results are expressed as mean + standard dew&tior). Differences between samples
were analysed using analysis of variance (ANOVAIhwIMP 13 (SAS Institute Inc.,

Cary. USA). Where significant differences were présa Tukey pairwise comparison
of the means was conducted to identify where thmepsa differences occurred. The
criterion for statistical significance wgs<0.05. To identify relationships between

parameters, bivariate Pearson’s correlation arslyas carried out.
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3. Results and discussion

3.1 Protein extraction

The total protein content @anxet beans was calculated as 24.7 £ 0.4% which is in the
range 24 - 29% previously reported by Rivera ef(2015). Similar protein contents
were reported previously for other pulses includfaba beans, lentils, and lupins
(Boye, Zare, & Pletch, 2010; Lizarazo et al., 2015)

The current study evaluated the use of alkalineaetton for obtaining high protein
recoveries fronGanxet beans. The effect of US processing (40 kHz, 250dwing 30

or 60 min on different parameters of the extracpoocess such as yield, percentage of
solubilized material, and percentage of proteiroveced was also evaluated. Results,
listed in Table 1 demonstrated that both, pH andpdfessing, significantly affected
the extraction procesp<0.05). When the extraction was carried out usovgelr NaOH
concentrations (T1-T6), US processing did not affee amount of GPC obtained per
100 g of raw material. However, as the resultingC&Rontained a higher protein
content, the amount of protein recovered was saanfly higher when compared to the
untreated samplesp<0.05). US processing resulted in increased yieltten the
extraction was done using NaOH at 0.3 and 0.4 MTIZ; p<0.05). Similar results
were obtained after US processing of peanuts (OBheas, Nava-Valdez, Serna-
Saldivar, & Chuck-Hernandez, 2017), seaweed (Kaelaai., 2017), and fish (Alvarez
et al., 2018). Other novel technologies such asquuélectric fields or microwaves also
resulted in increased protein recovery yields pesiy (Sarkis et al., 2015). Both the
percentage of raw sample solubilized and percentig@rotein recovered were
significantly higher after US processing for 60 nmhen the extraction was performed
using solutions of NaOH of different concentratiobgt mainly 0.3 and 0.4 M

(p<0.05). This could be caused by the collapse ofblash generated during US

10
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processing, which liberates energy that promotdseper penetration of the solvent into
the cell material and enhances the mass transfer &nd to the interface (Ochoa-Rivas
et al., 2017). The pH used for protein extractideo aaffected the percentage of
solubilized material, which was found to be sigrafitly higher after extractions
performed using higher NaOH concentrations (T7-T&2).05). A similar trend was
observed for the GPC yield, which was significaritigher when using higher sodium
hydroxide concentrations especially 0.4 M (T10-TA0.05). Results suggest that the
cell wall was disrupted by the strong alkali comfis facilitating the release of
proteins. It is important to highlight that in tharrent study, solubilized proteins were
precipitated by adjusting the pH to 5.5. Althougl @bserved higher recoveries at this
pH, the precipitation step was not optimized foisthaw material and not all the
solubilized material is precipitated. The precifita yield depends on the extraction
conditions and the precipitation process seemsetanbre efficient at high NaOH
molarities, and this could be the reason for theeoled increase in the protein yield.
Similar results were obtained after protein extoacfrom seaweed, where an increase
in the pH from 8.5 to 11.0 resulted in a two-foldtein recovery rate (Parniakov et al.,
2015). The percentage of protein recovered wasehigfter US processing<0.05).
When the extraction was performed using a sodiudrdxyyde concentration of 0.2 M
followed by US processing during 60 min (T6), aorease in the protein recoveries
were observed when compared to those obtained pfteressing for 30 min (T5;
p<0.05). A similar trend was observed after extmactusing 0.3 and 0.4 M NaOH,
(T12-T11 and T9-T8, respectively) but the obserddterences were not statistically
significant. For those samples left unprocessesl ctincentration of sodium hydroxide

used did not affect the percentage of protein recs\.
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Previous studies reported higher protein yieldsradtkaline extraction when compared
to acid extraction (Chen & Jaczynski, 2007; Taskayhen, & Jaczynski, 2009). A
recent study published by Alvarez et al. (2018)geisted that sequential alkaline/acid
extraction assisted by US was efficient in recawgrapproximately 100% of total
protein in mackerel whole fish and this strategyldde useful in increasing the protein
yield and optimizing the extraction process.

3.2 SDS-PAGE protein profile

Lyophilized samples were analyzed in order to deitee the MW distribution of the
extracted proteins and to see if the differenceseni®d in the calculated yields were
due to the fact that different proteins were exgdainder different conditions. Because
of the extraction procedure, which was carried atuhigh pH values, the solubility of
the extracted proteins at pH 4.0-7.5 was very [bherefore, proteins soluble at neutral
pHs were probably not extracted and remained innbauble material. In addition, the
high pH values needed to solubilize Ganxet-derived proteins, which were higher
than those accepted by the column, did not allsize-exclusion analysis. According
to Figure 1, no differences in the protein protifdhe samples extracted under different
conditions are appreciable, meaning that higheldyievere originated by increased
extraction levels of the same proteins. In addjtioo degradation or protein
fragmentation was observed due to the increaseiraoldydroxide concentration and
neither because of the increased ultrasound priogessne. Two high MW bands
(92.98 and 74.08 kDa), corresponding to conviciliare observed, followed by the
most abundant protein with a MW of 41.29 kDa, whaduld be vicilin. Two minor
bands of 30.83 and 26.12 kDa were also observetthwdtcording to literature will
probably represent- and p-legumin. Finally, very weak bands corresponding to

molecular sizes of 12.03 and 9.89 kDa were alsaioét. The protein profile observed

12
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was highly similar to those reported by Mirali, Ehouri, and Rizq (2007) and Nikoli
bordevi¢, Torbica, and Miki (2012), which were found to be highly dependenthen
variety of Vicia faba employed. These same authors reported how thenpophism
present irVicia species could alter the profile of the extractesteins.

3.3 Functional properties

Functional properties of proteins extracted onlgemthe highest yield conditions, that
is using 0.4 M NaOH of followed by US processing 6 min, were assessed and
compared to those of previously reported vegetdbtered proteins.

3.3.1 Colour

Table 2 lists the colour parameters of both pretiin powders. Thd* parameter
which denotes lightness and varies from 0 (blacK)@0 (white) was measured as 91.40
*+ 1.63. This value was high when compared to thé&ioed for other vegetable-derived
proteins such as hempseed meal protein isolatpsu@e by either micellization (82.80
*+ 0.31) or isoelectric precipitation (56.39 = 0.28adnaev et al.,, 2018) or kidney
bean, field pea, or amaranth protein isolates whimwed_* values of 79.6 £ 0.1, 88.1
*+ 0.2, or 78.0 = 0.8, respectively (Shevkani & $in@015). This denotes a lighter
appearance ofGanxet proteins when compared to proteins derived fromeroth
vegetables. The GPC showed a simizr,, value, a quantitative indicator of the
intensity of a distinctive hue, when compared tteotvegetable-derived proteins
(Garcia-Vaquero et al., 2017; Hadea et al., 2018), suggesting that the colour
intensity of the precipitate@Ganxet proteins was similar to that of previously isolated
vegetable-derived proteins. In addition, @t&combines the change ltf, a*, and b*
values to quantify the colour deviation from a sfand reference sample, in this case,
previously reported protein-rich powders deriveshifrvegetables. Those samples with

OE > 3 display a visible colour deviation (Wibowoadt, 2015). TheéE was higher than

13
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3 when comparing GPC with proteins derived fromnkigl bean, field pea, amaranth
(Shevkani & Singh, 2015), hemp seed (Hathvwaet al., 2018), soybean, pigeon, and
cowpea (Garcia-Vaquero et al., 2017) and other €@fani, Sogi, Shivhare, & Gill,
2015). To the best of the authors’ knowledge, @hmre no studies on the colour of
Ganxet protein extracts and the colour of the protein eomi@te obtained herein was
perceptually different to that of other vegetabéereed proteins. However, no visible
colour deviation §E > 3) was observed between GPC and powders defrioadmilk
such as a whey protein isolate and sodium casefHaigpa-Kozak, Bczek, & Rosell,
2013) which are currently commercialized proteshmpowders.

3.3.2 Water activity

The g, of the GPC isolated in the current study was 0480002, measured at 22.0 +
0.9 °C. The low @ value suggests that the generated powder woulstdi#e during
storage asavalues in the range 0.1 — 0.3 usually do not enabtrobial growth. The
ay values obtained herein were low when compared ¢sethreported previously for
proteins isolated from varied sources includingnsssd (Garcia-Vaquero et al., 2017)
or blood (Lafarga, Rai, O'connor, & Hayes, 2016¢s®&ts suggest that GPC could be
commercialized as a dry powder as {{svalue is comparable to that of soluble powders
commercialized such as coffee or chocolate (Sch&igbntana, 2007).

3.3.3 Water- and oil-holding capacity

Interactions of water and oil with proteins are ortant for the food industry because of
their effects on the flavour and texture of foo#sihar, Ganesan, Selvaraj, & Rao,
2014). The WHC of the extracted GPC was 0.98 = §.b0water per g of GPC. These
values were lower when compared to those obtainedlifferent varieties of kidney
beans including-rench, Yellow, andMaster beans which varied from 5.34 to 5.85 g of

water per g of sample (Wani et al., 2015). Howekesults obtained herein were in line

14



309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

with those reported previously for cowpea protearsd within the range of the
commercial values of protein concentrates (Ragabik®r, & Eltinay, 2004). Similar
WHC values were also reported recently for hempl g@etein isolates prepared by
micellization, calculated as 0.80 = 0.03 g/g (Hathvwaet al., 2018). High WHC values
help to maintain freshness and moist mouth feébads and have been associated with
reduced moisture loss in packed bakery goods (&Maquero et al., 2017). High
WHC values are desirable in viscous foods such aasages, custards, or baked
products as this would help to hold water withoigsdlution of protein, providing
thickening and viscosity (Seena & Sridhar, 2005)tePences in WHC values could be
attributed to different protein structures and lavailability of polar amino acids which
have been shown to be primary sites for water acteyn of proteins (Li, Shu, Yan, &
Shen, 2010).

In addition, the OHC of the GPC generated hereis gaculated as and 2.33 £ 0.12 g
of sunflower oil per g of GPC. This value was lowem compared to that obtained
previously for kidney bean which ranged from 5.%19 g of oil per g of sample (Wani
et al., 2015) an@ambara groundnut protein, which ranged from 6.7 to 7.2 gibper

g of sample (Adebowale, Schwarzenbolz, & Henle,120The OHC value of GPC was
higher than that of hemp seed proteins, which rdrggween 1.62 + 0.06 and 1.79
+0.02 g of oil per g of protein isolate, dependorgthe isolation method (Hadtev et
al., 2018). The use of different vegetable oilsaeein the current paper and the above
mentioned studies could partially explain the obserdifferences in OHC values, as
functional properties can be affected by usingedéht vegetable oils (Garcia-Vaquero
et al., 2017). Similar OHC values were reportedrfamg beans, which ranged from
1.00 to 3.38 mL of oil per g of sample (Li et &0Q10), and chickpea isolates which

varied from 2.08 to 2.96 mL/g (Kaur & Singh, 200d¢pending on the cultivar.
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3.3.4 Foaming capacity and foam stability

Figure 2 shows the FC and FS@énxet bean proteins. The highest FC, calculated as
65.0 £ 3.5%, was observed at pH 208(.05). Results were in line with those obtained
for other protein sources such as seaweed (Kunedr,2014) or cowpea (Ragab et al.,
2004). Results were also comparable to those mgdoly Li et al. (2010), who
calculated the FC of several mung beans which hbgéveen 33.00 £ 2.20 and 67.50
*+ 1.04%, depending on the cultivar. In the currgtaidy, an increase was observed in
the FC at pH 10 when compared to pH 4p8Q.05) and no statistically significant
differences where observed in the FC when assesg#ds 4, 6, or 8. Proteins in foams
contribute to the uniform distribution of fine aells in food matrices promoting
smoothness and lightness of foods (Garcia-Vaqueab.,e2017). Previous studies also
observed higher FC of proteins at extreme pH vatueh as 2.0 (Kumar et al., 2014)
and 10.0 (Garcia-Vaquero et al., 2017) probablysedby increased net charges on the
protein, which weakened the hydrophobic interactibnt increased the flexibility of
the protein (Ragab et al., 2004). Protein struttpraperties can also affect FC. Good
foaming abilities have been related with flexibtetgins that can reduce surface tension
and globular proteins, which are difficult to sweadenature, give low foaming
properties (Kaur & Singh, 2007). FS represents peecentage volume of foam
remaining after a specified time as the initial foarolume and is an important
parameter in, for example, whipping agents whickdn® maintain the whip as long as
possible (Li et al., 2010). The FS was significardaffected by time g<0.001), pH
(p<0.001), and the interaction between both factpx®.001). The GPC showed lower
FS at pHs 6.0 and 8.0 being statistically diffetenthe rest of the groups after 30 min,

except for the FS assessed at pH 8.0 after 1203mmlar results were obtained at pHs
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6.0 and 8.0 for seaweed (Garcia-Vaquero et al.7R@bwpea (Ragab et al., 2004), and
sesame (Khalid, Babiker, & Tinay, 2003) proteins.

3.3.5 Emulsifying capacity and emulsion stability

The manufacture and commercialization of vegetdeléved beverages or meat
analogs are a hot trend in the food industry. Gewullsifying properties are highly
desired in the manufacture of these foods (Tiwdnwari, Jagan Mohan, &
Alagusundaram, 2008). Emulsifying propertiesG#nxet bean proteins are shown in
Figure 3. The EC and ES were found to be pH-depen@de€0.05). Dependence of EC
on pH was observed previously and it is caused usec@ahe emulsion capacity of
proteins depend on the hydrophilic-lipophilic badan which is affected by the pH
(Ragab et al., 2004). The highest EC was observpH &.0 and was calculated as 69.4
+ 0.8%. Similar results were obtained previoushdded, Ragab et al. (2004) observed
that alkaline pH improved the emulsion capacity entiran acidic pH did. Moreover,
Wani et al. (2015) reported significantly higherwdsifying activities in several kidney
bean varieties when assessed at pH 7.0 in compaaspH 3.0 and 5.0. Results were
lower than those obtained for seaweed-derived m®tevhich showed EC values
ranging from 70-95% when using sunflower oil (Gardflaquero et al., 2017). No
differences were observed between the EC whensesbes pHs 2.0, 6.0, and 10.0. In
addition, the ES was also pH-dependgri)(05). The generated emulsions were found
to be very stable and the ES was significantly éigit pHs 4.0, 6.0, and 1048<0.05).
Wani et al. (2015) reported higher stability of ésmns created at pH 5.0 when
compared to those made at lower pHs (pH 3.0). ddusd be caused by the dissociation
of some proteins during heating at those pHs wiashlted in the formation of subunits
with more hydrophobic groups and this strongerradgons with the lipid phase. The

lowest ES value was calculated as 78.7 + 1.0% aaml obpserved at pH 2.9<0.05).
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This value was still comparable to that of otheruions created using vegetable-
derived proteins (Ragab et al., 2004). In the curstudy, the emulsifying properties of
Ganxet derived proteins were assessed using sunflower Brevious studies
demonstrated different EC and ES for different ¢i&arcia-Vaquero et al., 2017).
Therefore, the EC of these proteins should be sessed depending on the vegetable oil
utilized in each process. Moreover, the presencsati§ could affect the emulsifying

properties of proteins (Ragab et al., 2004).
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4. Conclusions

Overall, US processing resulted in increased yjellsd percentages of material
solubilized and proteins recovered, especially wtien extraction was performed at
higher sodium hydroxide concentrations (0.3 or B} The highest percentage of
recovered protein was obtained after extractionngissodium hydroxide at a
concentration of 0.4 M followed by US processing 8 min and was calculated as
78.73 + 4.88% [§<0.05). These conditions also resulted in the tsghegeld and

percentage of solubilized material, which were 874 0.02 and 54.58 + 0.19%,
respectively (<0.05). The colour parameters of the generatecgeprabncentrate were
comparable to those of other protein-rich powdersently commercialized, especially
when compared to those derived from milk. In additifunctional properties including
WHC, OHC, FC, and EC were comparable to thoselwrotegetable-derived proteins.
However, further studies are needed to developngiateapplications fromGanxet

beans and their derived proteins.
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416 Figurelegends

417 Figure 1. SDS-PAGE profile of proteins extracted under different processing
418 conditions: (A), (B), and (C), NaOH 0.2 M at 0, 30 or 60 min US, respectively; (D),
419 (E), and (F), NaOH 0.3 M at 0, 30 and 60 min US, respectively; and (G), (H), and
420 (1), NaOH 0.4 M at 0, 30 and 60 min US, respectively.

421 Figure 2. (A) Foam capacity and (B) stability of Ganxet bean proteins extracted
422 using NaOH 0.4M assisted by ultrasounds

423 Values represent the mean of three independentrimgrgs + S.D. Different letters
424 indicate significant differences in foaming capgciiThe criterion for statistical
425 significance wa$<0.05. Foam stability was significantly affected toye (p<0.001),

426 pH (p<0.001), and the interaction between both faciars*pH (p<0.001).

427 Figure 3. (A) Emulsifying capacity and (B) stability of Ganxet bean proteins
428 extracted using NaOH 0.4 M assisted by ultrasounds

429 Values represent the mean of three independentrimygr@s + S.D. Different letters
430 indicate significant differences in emulsifying eafiy or stability assessed at different

431 pHs. The criterion for statistical significance wa®.05.
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438 Tablel. Yield, percentage of solubilized material, and recovered protein after ultrasound-assisted protein extraction.

Treatment pH us % Solubilized Yield (g of GPC per 100 g of % Precipitated % Recovered
Solvent (min)’ material raw material) material (pH 5.5) protein
T1 0.1 M NaOH |12.06+0.05 0 41.77+0.75Aa 13.59+1.23 Aa 32.59+354Ab |45.61+3.41Aab
T2 0.1 M NaOH 12.04 £0.02 30 47.37+2.02Ba 1423+ 094 Aa 30.03+£0.71Ac |51.73+3.17ABa
T3 0.1 M NaOH |12.04+0.03 60 46.85+0.20AB a 1454+ 0.66 Aa 30.84+1.29Ac 54.87+3.04Bb
T4 0.2 M NaOH | 12.55%0.06 0 4131+0.37Aa 1457 £ 0.03Ab 35.29+0.23Bb 4395+0.33Aa
T5 0.2 M NaOH |12.55+0.03 30 47.45+0.49Ba 14.55+0.10Aa 30.67+£0.09Ac 45.11+0.76Ba
T6 0.2M NaOH |12.52+0.02 60 48.25+0.97Ba 14.83+0.08 Aa 30.75£0.80Ac 48.79+1.17Ca
T7 0.3M NaOH | 12.77+0.04 0 4550+ 2.19Aab 22.87+0.05Ac 50.30+£1.50Ba 47.30+0.39ADb
T8 0.3M NaOH |12.71+0.04 30 51.17+0.33Bab 23.96+0.05Bb 46.82+041Ab 56.22+1.80Bb
19 0.3M NaOH |12.74+0.03 60 54.62+0.27Cbhb 2497+0.21Chb 45.73+0.62ADb 58.41+3.39Bb
T10 0.4 M NaOH |12.94+0.03 0 46.58 £ 0.24 Ab 24.02+045Ac 51.56+0.71Ca 50.17+4.52 Ab
T11 0.4 M NaOH |12.97+0.02 30 52.66+0.09Bb 3540+ 0.46Bc 67.22+0.77Ba 73.88+2.19Bc
T12 0.4 M NaOH |12.95+0.02 60 54.58+0.19Cb 37.98+0.02Cc 69.59+0.23Aa 78.73+4.88Bc

439 " Abbreviations: US, ultrasound; GPGanxet protein concentrate. Samples were homogenizeddfsrag 14,000 rpm prior to US processing.

440 Different capital letters indicate significant difences between samples extracted at the sametpldibg different US treatments. Lower case
441 letters indicate significant differences betweent@ins extracted using the same US conditions ifferent solvents. The criterion for statistical
442  significance wap<0.05.
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Highlights
» Ultrasound processing for 30 or 60 min resultedhigher protein recovery
yields
« Water- and oil-holding capacities were 0.98 + 04fd 2.33 + 0.12 g/g
respectively
» Highest foaming capacity and foam stability werseslied at pH 2.0

» Highest emulsifying capacity was observed at pH 8.0



