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Abstract Pulses are an affordable source of proteins,

starch, lipids, minerals and high value nutritional sources.

This study was conducted to evaluate relationship between

protein functional properties and their preparation methods.

Therefore, the functional properties of Grass pea protein

concentrates (GPPC) prepared using isoelectric precipita-

tion (IE), salt extraction (SE) and ultrafiltration-diafiltration

methods (UF/D) were determined. The GPP processed by

those three precipitation methods contained all of the

amino acids which aspartic acid and glutamic acid were

dominate amino acids followed by arginine and leucine.

However, methionine and tryptophan were limited amino

acids. Water binding capacity was in following order: UF/

D-GPPC[ SE-GPPC[ IE-GPPC. Meanwhile, highest

value of oil binding capacity belonged to UF/D-GPPC.

GPPC prepared using UF/D method had highest solubility.

In term of interfacial tension, it was revealed that the

interfacial tension of all isolates did not significantly

reduced (P[ 0/05). Net negative zeta potential with values

was observed which IE-GPPC had highest surface charge

followed by UF/D-GPPC and SE-GPPC, respectively. In

terms of surface hydrophobicity, it was altered in the fol-

lowing order: IE-GPPC[ SE-GPPC[UF/D-GPPC. It

was observed that foaming capacity ranged between 85.06

and 89.78% and foaming stability ranged between 77.34

and 84.35%. Emulsifying capacity, emulsifying activity

index and emulsifying stability index ranged between

105.06–109.78%, 31.09–36.29 m2/g and 12.90–18.86 min

respectively. Evaluation of least gelling concentration

showed that UF/D-GPPC were capable to form firm gel at

low concentration (10% W/V). The functional properties of

proteins are influenced by their extraction technique and

can be achieve maximum functional characteristics by

selecting appropriate extraction method. The results indi-

cated the technological potential of GPP for health-pro-

moting food formulations.

Keywords Grass pea protein � Extraction method � Amino

acids profile � Surface characterization

Introduction

Pulses are an affordable source of proteins, starch, lipids,

minerals and high value nutritional sources. Pulse proteins

(20–50%) are at high interest because of providing essen-

tial amino acids and possessing functional properties such

as solubility, water/oil binding capacities, foaming and

emulsifying properties and gel formation which could

improve the quality of food products. (Boye et al. 2010b)

the utilization of plant protein in food products is limited to

soybean and wheat. (Stone et al. 2015a) However,

increasing worldwide demand and wide variety of food

products encourage us to find new sources of protein. Grass

pea (Lathyrussativus L.) known as a Kholar in Iran is a

novel source of protein (20–30%) appertains to Fabaceae

family which is an annual pulse crop mostly harvests and

consumes as a human consumption in Asian countries.

Functional properties of proteins impress through
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parameters such as molecular weight, amino acid compo-

sition and surface characteristics. On the other hand, these

properties can be influenced by extraction methods (Boye

et al. 2010a; Stone et al. 2015a, b). Therefore, applying the

appropriate extraction methods is necessary. Numerous

methods for fractionation of pulses such as milling, air

classification and wet extraction (alkaline extraction-iso-

electric precipitation, salt extraction-dialysis, ultrafiltra-

tion-diafiltration and micellar precipitation) have been

reported (Boye et al. 2010a; Karaca et al. 2011; Mondor

et al. 2012; Papalamprou et al. 2009; Stone et al. 2015a, b;

Tian et al. 1999).

Unlike wet extraction methods, proteins processed by air

classification and pin milling methods have low purity

(38–65%) and further processing is often required (Tian

et al. 1999). Among wet extraction methods, alkaline

extraction-isoelectric precipitationis the most practical

extraction method, provides high protein purity ([ 70%)

and has a significant effect on protein functional properties

through affecting on globulin/albumin or legumin/vicilin

ratio and the physicochemical characteristics of the protein

(Karaca et al. 2011; Makri et al. 2005; Papalamprou et al.

2009).

Globulins and albumins are the major proteins in pulses

(Karaca et al. 2011; Liu et al. 2008b).The globulin consists

most of the proteins prepared by the isoelectric method.

Whereas, a mixture of both globulins and albumins pro-

teins achieve as a result of salt extraction (Karaca et al.

2011; Liu et al. 2008b; Makri et al. 2005). Ultrafiltration as

an alternative protein extraction method for isoelectric

precipitation is a mild operating that yield higher protein

concentration (Mondor et al. 2012).

The effect of isoelectric precipitation, salt extraction and

ultrafiltration methods, alone or at the same time, on

structure and functional properties of various legumes such

as chickpea, faba bean, lentil and pea proteins have been

studied (Boye et al. 2010a; Karaca et al. 2011; Mondor

et al. 2012; Papalamprou et al. 2009; Stone et al. 2015a, b).

However, to the best of our knowledge, no study has been

conducted on the effect of different extraction methods

(isoelectric precipitation, salt extraction and ultrafiltration-

diafiltration) on the functional properties of GPPI as a

novel plant protein source. Therefore, this research was

conducted in order to characterize the functional properties

of Grass pea protein concentrates (GPPC) prepared by

aforementioned methods. Amino acid composition, water/

oil binding capacity, emulsifying capacity, emulsifying

capacity/stability indices, protein solubility, surface charge,

surface hydrophobicity (H0), interfacial tension and least

gelling concentration properties were used for this purpose.

Materials and methods

Materials

Grass pea was purchased from local market in Shirvan, Iran

(6 months of ripening time, harvesting as soon as the

leaves begin to turn yellow and 3 months of aging period).

Briefly, Grass pea flour prepared by removing foreign

matter, cracking, dehulling and grinding into a fine flour

followed by defatting of oil using hexane (1:5(w/v)

flour:hexane ratio). The flour was dried using cross-venti-

lation (Soroush Medical Company, Khorasan Razavi pro-

vince, Iran) and kindly ground by laboratory mill (IKA,

Model A11, Germany). Proximate composition (moisture,

protein, fat, ash, and carbohydrate) of Grass pea flour

(GPF) and Grass pea protein (GPP) were determined

according to AOAC Official Methods (AOAC 2000; Feyzi

et al. 2018). Carbohydrate content was calculated based on

the difference from 100%. All chemicals used were of

analytical grade and were prepared from Sigma Chemical

Co. (St Louis, MO, USA), and Merck KGaA (Darmstadt,

Germany).

Protein extraction

Grass pea protein (GPP) was prepared using three precip-

itation methods based on preliminary experiments in the

lab. Prior to isolates extraction, defatting process was

carried out to improve protein extraction as a function of

reducing protein–lipid interactions (Karaca et al. 2011).

Isoelectric precipitation (IE)

15 g defatted GPF (with 8.3% moisture, 28.09% protein,

0.54% fat, 4.4% ash, and 58.67% carbohydrate based on

dry weight) was mixed with water at the ratio of 1/15(w/v)

with pH = 9.7 at 30 �C. The mixture was stirred at room

temperature for 1 h, then adjusted to pH = 4.5 (the iso-

electric pH) with 1.0 M HCl followed by centrifuging at

4500 9 g for 30 min at 25 �C. After removing supernatant,

the precipitate was washed twice with deionized water (re-

suspending in water at the ratio of 1/15 and stirring for 1 h

at 25 �C in order to clear acid), then centrifuged at

4500 9 g for 20 min. After that, precipitate was resolubi-

lized by adjusting the pH to 7.2 using 1 M NaOH. Even-

tually, the precipitate was dried using a freeze dryer (XO-

12N model Top press Freezing Dryer, China). The dry

GPPC powder was stored at 4 �C for further analysis.
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Ultrafiltration/diafiltration (UF/DF) extraction

The alkaline protein solution was diluted with one volume

of deionized water and the pH was lowered from 9.7 to the

value of 6.0. The solution was then subjected to ultrafil-

tration to concentrate the proteins using molecular weight

cut-off of 50 kDa MWCO Millipore membranes. Prior to

the diafiltration, the volume was concentrated fivefold at

ultrafiltration step. Finally, resulting concentrated protein

solution was freeze dried (XO-12 N model Top press

Freezing Dryer, China) (Boye et al. 2010a).

Salt extraction (SE)

100 g of defatted GPF was mixed with 0.1 M sodium

phosphate buffer (pH = 8.00) containing 6.4% KCl at 1:10

ratio (w/v) and stirred at 500 rpm for 24 h at room tem-

perature. After centrifuging at 4500 9 g for 20 min at

4 �C, the supernatant was dialyzed at 4 �C for 72 h

(6–8 kDa cut off; Spectrum Laboratories, Inc., Rancho

Dominguez, CA, USA) against Milli-QTM water at 4 �C
refreshing three times until the conductivity of the dialysis

water reached * 20 ls/cm. Finally, the extract was stored

at - 30 �C until freeze-dried (Boye et al. 2010b).

Amino acid composition

Amino acid composition of GPPC was identified by

digestion of 50 mg of GPPC under nitrogenatmosphere in

4 mL of 6 M HCl at 110 �C for 25 h. Knauer high-per-

formance liquid chromatography (HPLC) (fluorescence

detector (Knauer, RF-20 Axs), wavelengthsof at 330 nm

for excitation and 450 nm for emission and a Dikma C18

column (250 mm 9 4.6 mm, with 5 lm particle size,

Berlin, Germany) was carried out at 30 �C after pre-col-

umn derivatization with o-phthaldialdehyde (OPA). Mobile

phase A (pH = 7) was a solution of 50 mM sodium acetate,

water and tetrahydrofurane, while mobile phase B (pH = 5)

was a solution of 300 mM sodium acetate buffer, methanol

and tetrahydrofuran (Yuan et al. 2009; Feyzi et al. 2018).

Functional properties

Water binding capacity (WBC) and oil binding capacity

(OBC) of GPPC were measured according to the procedure

of Aydemir and Yemenicioglu (2013). Foaming capacity

(FC), foam stability (FS), and also emulsifying capacity

(EC) were determined according to the method described

by Cano-Medina et al. (2011).

Emulsifying activity (EAI) and stability (ESI) indices

Protein solutions with concentration of 0.25% (w/w) dis-

persed in a 10 mM sodium phosphate buffer (pH = 7.0)

followed by stirring (500 rpm) overnight at 40 �C. 3 g of

protein solution and 3 g of corn oil were mixed and

homogenized in 15 mL plastic centrifuge tubes. 50 lL
emulsion sample was immediately taken from the bottom

of the tube and diluted in 7.5 mL of 10 mM sodium

phosphate buffer (pH = 7.00) containing 0.1% sodium

dodecyl sulphate (SDS) and this solution was vortexed for

10 s. An aliquot of this suspension was taken at 10 min,

and the absorbance of the diluted emulsion was measured

at 600 nm using a spectrophotometer (S2000 UV/VIS

Spectrophotometr, China) using plastic cuvettes (1 cm path

length) (Pearce and Kinsella 1978; Boye et al. 2010a). EAI

and ESI were calculated by using the following equations:

EAI ðm2=gÞ ¼ 2:2 � 303 � A0 � N
C � u � 10000 � 100 ð1Þ

ESI ðminÞ ¼ A0

DA
� t ð2Þ

where A0 is the absorbance of the diluted emulsion

immediately after homogenization, N is the dilution factor

(9 150), C is the weight of protein per volume (g/mL), u is

the oil volume fraction of the emulsion, DA is the change

in absorbance between 0 and 10 min (A0–A10) and t is the

time interval (10 min).

Protein solubility

In order to determine protein solubility, the pH of aqueous

solution (approximately 1.0%, w/v) of the GPPC in

deionized water was adjusted in rang 2–10 using either

0.5 M HCl or 0.5 M NaOH with stirring for 30 min. After

that, it was centrifuged at 10,000 9 g for 20 min. Protein

concentration in each supernatant was then determined by

kjeldahl method (AOAC 2000) using the conversion factor

of 6.25. Percent solubility was expressed as the ratio of

weight of amount of protein in the supernatant to the

weight of amount of total protein in the initial sample

(9 100%) (Boye et al. 2010a). All measurement was car-

ried out in duplicates and the plot of protein solubility (%)

versus pH was considered as a solubility profile.

Interfacial tension

Interfacial tension between corn oil and distilled water

containing 0.25%, w/w GPPC was measured as a compare

of its interfacial tension with interfacial tension of protein-

free solution (corn oil and distilled water mixture)

according to the Du Noüy ring method using a semi-
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automatic tensiometer (tensiometer model K100, KRUSS

Co., Germany) (Karaca et al. 2011). Maximum force (Fmax)

of Eq. (3) was considered as an interfacial tension.

c ¼ Fmax

4pRb
ð3Þ

where c is the interfacial tension, R is the radius of the ring,

b is a correction factor that depends on the dimensions of

the ring and the density of the liquid involved.

Surface charge (zeta potential)

The surface charge (or zeta potential) of each GPPC was

measured based on change in the electrophoretic mobility

(UE) at pH = 7.0 using a Zetasizer (CordouanTechnol,

France). 0.05% w/w of GPPC in 10 mM sodium phosphate

buffer (pH = 7.0) which had been stirred overnight at 4 �C
adjusted to pH = 7.0 with 0.05 M HCl or NaOH and then

1 ml of solution was poured into a folded capillary cell and

the electrophoretic mobility was measured (Karaca et al.

2011). Electrophoretic mobility is a measure of the velocity

of a particle within an electric field, which can be related to

the zeta potential (f) using the Henry equation (Eq. 4),

where g is the dispersion viscosity, e is the permittivity,

and f(ja) is a function related to the ratio of particle

radius(a) and the Debye length (j). Using the Smolu-

chowski approximation, f(ja) equaled 1.5.

UE ¼ 2e � f � f jað Þ
3g

: ð4Þ

Surface hydrophobicity (H0)

Surface hydrophobicity was determined according to the

procedure of Horax et al. (2011) using the aromatic fluo-

rescent probe, 8-anilino-1-naphthalene sulfonic acid

(ANS). All fluorescence measurements were recorded by

using a spectrofluorophotometer (Shimadzu Crop., Kyoto,

Japan, PC, RF-540) with the excitation and emission

wavelengths at 390 and 470 nm, respectively. Protein

solutions (0.01% w/v) prepared in 0.01 M sodium phos-

phate buffer (pH = 7.0) were diluted in the 0.01 M sodium

phosphate buffer to prepare series of protein solutions with

concentrations of 0.002, 0.004, 0.006, 0.008 and 0.01% (w/

v). 20 lL of 8 mM ANS solution immersed in 0.01 M

sodium phosphate buffer (pH = 7.00) was added to 4 mL

of each of protein solutions and mixed well by vortexing

for 10 s. The initial slope of the plot of the fluorescence

intensities versus protein concentration was calculated

using linear regression analysis and used as an index of H0.

Least gelation concentration (LGC)

The determination of LGC was carried out by preparing

dispersions (10 ml) with 1–20% (w/v) solids concentration.

All samples were entirely mixed on a vortex mixer for

5 min and then heated in sealed tubes (to avoid evapora-

tion) at 95 �C in a water bath for 1 h. The mixture was

cooled in a cold room at 4 �C for 2 h and then the tubes

were inverted and the sample with the lowest concentration

that did not fall down was considered as a LGC (Corredig

2006; Adebiyi and Aluko 2011).

Statistical analysis

The experimental data was subjected to analysis of vari-

ance (ANOVA) using Statistical Analysis System software,

release 9.1 (SAS Inst, Cary, N.C. USA) and the means

were compared using Duncan’s multiple comparison tests.

Significance differences were considered equal to

P\ 0.05. Experiments data were an average of three

replicates.

Results and discussion

Chemical composition

The proximate composition of the GPF, IE-GPPC, SE-

GPPC and UF/D-GPPC were shown in Table 1. The pro-

tein content of GPF was in range reported by Boye et al.

(2010a) and Karaca et al. (2011) for chickpea, faba bean,

lentil and pea flours with concentrations of 16.7–23.9%.

Processing of GPF by IE, SE and UF/D methods resulted in

protein concentration to 80.03, 77.87 and 90.49, respec-

tively. The protein content of IE-GPPC, SE-GPPC and UF/

D-GPPC were similar to that reported by others (Feyzi

et al. 2018; Karaca et al. 2011). UF/D-GPPC had highest

protein content and extraction yield (%). Whereas, the

highest moisture and carbohydrate content were obtained

by SE and the highest ash content was belonged to IE-

GPPC. Compare to GPF, the lipid and carbohydrate con-

tents of GPP prepared by those three extraction methods

decreased significantly (P\ 0.05) which might attribute

toalkali condition usedduring protein extraction. The lipid

content for all IE-GPPC, SE-GPPC and UF/D-GPPC were

lower that 1% and not significantly changed as a function

of preparation methods (P[ 0.05). IE-GPPC had higher

ash content compare to GPF which was confirmed by

Sosulski and McCurdy (1987) who demonstrated that

strong acid and alkali used at protein extraction procedure

may participate in salt formation and hence the ash content

increases.
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The amino acid compositions of IE-GPPC, SE-GPPC

and UF/D-GPPC were presented in Table 2. It was found

that there were slight differences between our results and

Feyzi et al. (2018) who studied amino acids profile of GPP.

The GPP processed by those three methods contained all of

the amino acids which aspartic acid and glutamic acid were

dominate amino acids (typical amino acid of pulses) fol-

lowed by arginine and leucine. Meanwhile, methionine and

tryptophan were limited amino acids. In this regard, Yuan

et al. (2009) observed similar glutamic and aspartic

Table 1 The proximate

composition of the GPF, IE-

GPPC, SE-GPPC and UF/D-

GPPC

Contents (%) GPF IE-GPPC SE-GPPC UF/D-GPPC

Protein (%) 19.17 ± 0.12d 80.03 ± 0.16b 77.87 ± 0.21c 90.49 ± 0.18a

Extraction yield (%) – 45.75 ± 0.3b 42.49 ± 0.35c 50.09 ± 0.26a

Moisture (%) 11.79 ± 0.10a 8.02 ± 0.13c 10.11 ± 0.14b 1.28 ± .09d

Lipid (%) 2.08 ± 0.08a 0.87 ± 0.06c 0.85 ± 0.06c 0.91 ± 0.04b

Carbohydrate (%) 64.8 ± 0.23a 7.89 ± 0.14c 8.29 ± 0.11b 6.03 ± 0.08d

Ash (%) 2.16 ± 0.07c 3.19 ± 0.06a 2.88 ± 0.07b 1.29 ± 0.03d

Reported values correspond to the mean ± standard deviation. Different letters in the same row indicate

significant differences (P\ 0.05)

GPF Grass pea flour, GPPC Grass pea protein concentrate, IE isoelectric precipitation, SE salt extraction,

UF/D ultrafiltration-diafiltrationprecipitation

Table 2 Amino acid

composition of IE-GPPC, SE-

GPPC and UF/D-GPPC

Amino acid IE-GPPC SE-GPPC UF/D-GPPC FAO/WHO/UNU

Child Adult

Aspartic acid 10.1 9.89 10.26 – –

Glutamic acid 15.81 14.78 16.56 – –

Serine 5.13 4.83 5.41 – –

Arginine 8.29 7.97 8.49 – –

Glycine 4.33 3.93 4.44 – –

Alanine 3.68 3.67 3.72 – –

Tyrosine 2.06 1.83 2.16 – –

Cystine 0.47 0.33 0.41

Histidine 3.46 3.26 3.49 1.90 1.60

Threonine 2.96 3.12 3.41 3.40 0.90

Methionine 0.49 0.35 0.43 2.70 1.70

Valine 3.59 3.54 3.61 3.50 1.30

Phenylalanine 3.32 3.31 3.32 6.30 1.90

Isoleucine 3.52 3.49 3.53 2.80 1.30

Leucine 6.27 5.93 6.46 6.60 1.90

Lysine 5.89 5.87 5.89 5.80 1.60

Tryptophan 0.45 0.36 0.44 1.10 0.5

Acidic 25.91 24.67 26.82 – –

Basic 17.64 17.1 17.87 – –

Charged hydrophilic 43.55 41.77 44.69 – –

Uncharged hydrophilic 14.95 14.04 15.83 – –

Hydrophobic 20.87 20.29 21.07 – –

Total 79.82 76.46 82.03 – –

Acidic: glutamic acid and aspartic acid; basic: arginine, lysine and histidine; hydrophobic: alanine, leucine,

isoleucine, phenylalanine, methionine and valine; charged polar: acidic and basic amino acids; uncharged

polar: glycine, tyrosine, serine and threonine

GPPC Grass pea protein concentrate, IE isoelectric precipitation, SE salt extraction, UF/D ultrafiltration-

diafiltration precipitation
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contents for soy glycinin polypeptides. High amount of

glutamic and aspartic acids in GPP confirmed their acidic

isoelectric pH. All proteins had similar amino acids profile,

indicate that precipitation methods did not have consider-

able effect on amino acids profiles. Stone et al. (2015a)

demonstrated that protein isolates prepared from three pea

cultivars by IE, SE and micellar precipitation did not show

considerable differences about amino acids profile. GPPC

prepared by UF/D method had higher total, charged

hydrophilic, uncharged hydrophilic and hydrophilic amino

acids relative to others. Likewise, GPPC processed by SE

method had lowest values. Overall, all GPPC can be used

as appropriate amino acid supplier, especially for feeding

infants and children.

Water binding/oil binding capacity (WBC/OBC)

WBC and OBC values of GPPC extracted with various

precipitation methods were presented in Table 3. The

results revealed that WBC ranged between 2.24 and 2.83

(g g-1) and were in following order: UF/D-GPPC[ SE-

GPPC[ IE-GPPC. This values were in ranges reported for

chickpea and lentil isolates(Boye et al. 2010a). Further-

more, Boye et al. (2010a) Comparison IE and UF extrac-

tion methods showed that the red lentil protein processed

by UF had higher WBC than IE. However, yellow pea,

green lentil, Desi and Kabuli chickpeas proteins prepared

by IE method had higher WBC than UF. Stone et al.

(2015b) also reported that yellow, green, and dun market

classes protein isolates extracted by SE procedure showed

higher WBC compare IE method. Those authors supposed

that SE procedure exposed more side chains and polar

groups to form hydrogen bonding. Different results in

studies refer to amino acid composition, protein confor-

mation, ratio of surface charge to hydrophobicity, charged

groups, amide groups and hydroxyl groups (Lam et al.

2018). Low WBC of IE-GPPC could be related to rela-

tively high hydrophobic-hydrophilic balance (Table 4).

Meanwhile, high amino acid content and charged hydro-

philic amino acid level of UF/D-GPPC might impact on its

higher WBC (Table 2).

OBC values ranged between 0.67 and 2.21 (g g-1)

which highest value belonged to UF/D-GPPC. However,

no significant differences were observed between UF/D-

GPPC and SE-GPPC (Table 3). Nonpolar side chains of

amino acids is one of the most important parameters that

impact on OBC (Withana-Gamage et al. 2011). Therefore,

high OBC of UF/D-GPPC might be refer to its high

hydrophobic amino acids content (Table 2). These results

confirmed with other studies (Boye et al. 2010a; Withana-

Gamage et al. 2011). Similar to our results, Boye et al.

(2010a) revealed that red lentil and yellow pea protein

isolated by UF had higher OBC compared to IE prepara-

tion. Stone et al. (2015b) also showed OBC of yellow,

green, and dun market classes pea protein prepared by SE

was higher that IE method. In contrast to our results, some

other studies (Du et al. 2018; Yu et al. 2015) revealed that

OBC decreased as protein concentration raised, like UF/D-

GPPC (Table 2), which was attributed to increase steric

effect at high concentration (Lam et al. 2018; Yu et al.

2015).

Protein solubility and interfacial properties

Protein solubility affects texture, sensory and nutritional

properties of products owning functional properties like

emulsification, foaming and gel forming. Protein solubility

is impressed as a function of properties such as protein

content, the structure of the protein, protein–protein inter-

actions, protein–solvent interactions and surface

hydrophobicity. Protein–solvent interactions improve pro-

tein hydration and solubility. On the contrary, high

hydrophobic interactions between proteins lead to precip-

itation and lower solubility (Damodaran 2017; Krause et al.

2002). The results showed that at a pH range of 2–10, the

protein solubility altered as following order: UF/D-

GPPC[ IE-GPPC[ SE-GPPC. Protein solubility, first,

decreased until increasing pH to 4–5 and then it increased

by increasing pH (Fig. 1). These results were in accordance

with Kaur and Singh (2007) and Papalamprou et al. (2009)

for chickpea flours and protein isolates. Contrary to our

results, Karaca et al. (2011) showed that the SE isolates had

significantly higher solubility relative to those prepared by

IE method. The high solubility of UF/D-GPPC is referring

to relatively high surface charge and low surface

Table 3 Functional properties of IE-GPPC, SE-GPPC and UF/D-

GPPC

IE-GPPC SE-GPPC UF/D-GPPC

WBC (g g-1) 2.24 ± 0.07c 2.39 ± 0.12b 2.83 ± 0.11a

OBC (g g-1) 0.67 ± 0.05b 2.16 ± 0.09a 2.21 ± 0.12a

FC (%) 109.78 ± 0.72a 106.23 ± 0.64b 105.06 ± 0.59c

FS (%) 121.35 ± 0.81a 118.34 ± 0.68c 119.79 ± 0.67b

EC (%) 36.73 ± 0.26b 36.21 ± 0.23b 38.63 ± 0.31a

EAI (m2/g) 35.63 ± 0.18b 31.09 ± 0.33c 36.29 ± 0.21a

ESI (min) 18.03 ± 0.22b 12.90 ± 0.19c 18.86 ± 0.19a

Reported values correspond to the mean ± standard deviation. Dif-

ferent letters in the same row indicate significant differences

(P\ 0.05)

GPPC Grass pea protein concentrate, IE isoelectric precipitation, SE

salt extraction, UF/D ultrafiltration-diafiltrationprecipitation, WBC

water binding capacity, OBC oil binding capacity, FC foam capacity,

FS foam stability, EC emulsifying capacity, EAI emulsifying activity

index, ESI emulsifying stability index
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hydrophobicity. Ulloa et al. (2011) also stated that the

isolated produced by UF had better protein solubility than

that of isolates obtained by IE precipitation. In the case of

SE-GPPC, the solubility was low despite having relatively

high surface charge, attributed to its high surface

hydrophobicity. On the other hand, the solubility of IE-

GPPC was high despite having high surface hydrophobic-

ity, attributed to its high surface charge. Previous studies

also revealed that in some cases such as chickpea and pea

protein isolates, there were no direct relationship between

protein surface characteristics and solubility which was

attributed to total parameters that impact on protein-water

interactions such as number of exposed hydrophilic and

hydrophobic groups and folding and aggregation properties

of proteins (Karaca et al. 2011). Unfolding of polypeptide

chains of proteins by increasing short-range repulsive for-

ces upon isolation enhance solubility (Wu et al. 2009).

In term of interfacial tension, it was revealed that the

interfacial tension of all isolates did not significantly

reduced (P[ 0/05) (Table 4). Interfacial tension value of

isolates ranged between 37.39 and 37.44 mN/m which was

found all isolates were capable to reduce interfacial tension

relative to water (49.27 mN/m). Karaca et al. (2011)

reported that various pea protein (chickpea, faba bean,

lentil and pea protein) solutions of 0.25% (w/w) produced

by IE and SE methods lowered the interfacial tension

(* 42.3 mN/m) compare to water (48.4 mN/m).

Surface characteristics

Net surface charge and surface hydrophobicity of mole-

cules are the most important features that affect on func-

tional properties such as emulsifying activity. The presence

of hydrophobic patches on protein surface and also

appropriate solubility of protein are necessary to its

adsorption at the oil–water interface. Meanwhile, enough

net charge is required to afford electrostatic repulsion

between oil droplets to prevent aggregation (McClements

2004). The surface charge of GPPC extracted by UF/D, IE

and SE methods were determined at pH = 7.0 (Table 4).

Net negative zeta potential with values ranging

between - 21.73 and - 24.96 mV was observed. IE-

GPPC had highest surface charge followed by UF/D-GPPC

and SE-GPPC, respectively. These results confirmed by

Karaca et al. (2011) and Stone et al. (2015b) who studied

different cultivar pea protein. In general, the amino acid

content, conformation of proteins, solvent conditions (ionic

strength and temperature) and protein concentration are

important parameters that impact on the surface charge of

Table 4 Surface

characterization and interfacial

tension of IE-GPPC, SE-GPPC

and UF/D-GPPC

IE-GPPC SE-GPPC UF/D-GPPC

Surface charge (mV) at pH 7.0 - 24.96 ± 0.08a - 21.73 ± 0.06c - 23.26 ± 0.08b

Surface hydrophobicity (H0-ANS) 166.56 ± 0.12a 164.47 ± 0.07b 158.59 ± 0.14c

Interfacial tension (mN/m) 37.39 ± 0.13a 37.44 ± 0.25a 37.41 ± 0.16a

Different letters in the same row indicate significant differences (P\ 0.05)

GPPC Grass pea protein concentrate, IE isoelectric precipitation, SE salt extraction, UF/D ultrafiltration-

diafiltrationprecipitation
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proteins (Damodaran 2017; Lam et al. 2018; Stone et al.

2015b).

In terms of surface hydrophobicity, it was altered in the

following order: IE-GPPC[ SE-GPPC[UF/D-GPPC;

ranged between 158.59 and 166.56 (Table 4) which were

higher relative to pea cultivars have been reported in the

previous studies (Karaca et al. 2011; Stone et al. 2015a, b).

However, these values were in accordance with Feyzi et al.

(2018) study who conducted optimization of GPPC

extraction and various drying methods. Karaca et al. (2011)

demonstrated that proteins of different legumes (chickpea,

lentil, and pea) processed by IE precipitation had greater

surface hydrophobicity relative to the salt extracted pro-

teins. It might be related to protein denaturation during acid

precipitation in IE precipitation method which cause

interactions between protein and non-protein components,

lead to lower solubility (Krause et al. 2002). Surface

hydrophobicity of globulin fraction was higher than the

albumin fraction (Karaca et al. 2011). Therefore, high

surface hydrophobicity of proteins prepared by IE precip-

itation method was attributed to globulin fractions which

are demining fraction in those proteins prepared by IE

precipitation. On the other hand, the presence of both

globulin and albumin fractions in proteins processed by SE

and UF/D is a reason why their surface charges were low

(Karaca et al. 2011; Makri et al. 2005).

Foaming properties

The foaming properties (FC and FS) of GPPC prepared by

various extraction methods were presented in Table 3. The

FC (the ability of a protein reducing interfacial tension

between

an aqueous and an oil phase) ranged between 105.06 and

109.78% and FS (the ability of protein to preventing air

bubbles against their collapse, stresses, drainage and

mechanical shock) ranged between 118.34 and 121.35%

after a 30-min waiting period. These values were near to

the range have been reported for other legumes (Boye et al.

2010a; Shevkani et al. 2015; Stone et al. 2015a). In order to

obtain superior FC, proteins must be adsorbed rapidly at

the air/water interface followed by rapid conformational

change and rearrangement of protein at the interface.

Whereas, intermolecular interactions participate in the

creating a cohesive viscoelastic film which enhance FS

(Makri et al. 2005). FC values altered in following order:

IE-GPPC[ SE-GPPC[UF/D-GPPC. These results might

be related to the ratio of globular/albumin fractions in

extracted proteins. Globulin molecules (demine fraction of

IE precipitated proteins) adsorbed at the interface are more

effective in reduction of interfacial tension value due to

greater number of hydrophobic patches relative to albumin

molecules. As a result, FC promoted in those proteins

prepared by IE precipitation (Makri et al. 2005; Papalam-

prou et al. 2009; Wierenga and Gruppen 2010). Similar to

our findings, Boye et al. (2010a) revealed that FC of green

lentil protein concentrate was low when processed by UF

compared to IE. However, Desi chickpea protein concen-

trate provided by UF had higher FC compared to IE.

Likewise, Linares et al. (2000) studies supported our

findings that FC enhanced by SE method owning salting-

out phenomena in salt solution.

The highest value of FS was belonged to IE-GPPC

followed by UF/D-GPPC and SE-GPPC, respectively. High

value of GPPC processed by IE attributed to this fact that at

the isoelectric pH of a protein, minimum electrostatic

repulsion and maximum adsorption of protein to the

interface occur. Consequently, FS promotes through for-

mation of viscous film and steric stabilization (Kinsella

1981; Wierenga and Gruppen 2010).Likewise, high FS

value of isolates prepared by UF/D compare to SE might be

related to its high protein content which was confirmed by

Kinsella (1981) who reported FS usually improves at

higher protein concentrations.

Emulsifying properties

The emulsifying properties (EC, EAI and ESI) of GPPC

extracted by various methods were presented in Table 3.

EC defines the maximum amount of oil that can be emul-

sified per unit weight of protein. Meanwhile, EAI refer to

the capacity of protein to create emulsion following

interfacial area that can be stabilized per unit weight of

protein (Pearce and Kinsella 1978). Furthermore, ESI

defines the ability of the protein to form strength emulsion

to resist changes over a prescribed time period (Liu et al.

2008a). The results indicate that EC altered as following

order: UF/D-GPPC[ IE-GPPC[ SE-GPPC. Karaca et al.

(2011) reported high surface charge lowers EC because of

increasing electrostatic repulsion which attenuates a

stable film around oil droplets. Whilst, Yoshie-Stark et al.

(2008) have been showed a direct relation between EC and

solubility. As mentioned before, IE -GPPC had highest

surface charge followed by UF/D-GPPC and SE-GPPC.

However, solubility altered as following order: UF/D-

GPPC[ IE-GPPC[ SE-GPPC. Therefore, it can be

deduced that in this study the EC mostly followed solu-

bility changes.

The EAI (ranged between 31.09 and 36.29 m2/g) and

ESI (ranged between 12.90 and 18.86 min) of GPPC

altered in following order: UF/D-GPPC[ IE-GPPC[ SE-

GPPC which suggested that UF/D-GPPC were more

effective at emulsion forming. In general, EAI of isolates

directly correlate with surface charge and solubility while

negative correlation has been reported between EAI and

surface hydrophobicity (Karaca et al. 2011). Similar to our
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results, Karaca et al. (2011) found that pea protein isolated

by IE had superior EAI and ESI compared to SE. Mean-

while, Boye et al. (2010a) mentioned that EAI of yellow

pea isolates extracted by both IE and UF methods did not

have noticeable differences. However, those authors

showed that the ESI of Kabuli chickpea, green lentils and

Desi chickpea protein isolates extracted by UF was better

than IE method.

Least gelation concentration (LGC)

Protein gel is considered as a three-dimensional network

consists a network that solvent are embedded within pro-

tein molecules (Corredig 2006). Globular proteins gel are

formed following from reactions such as association or

aggregation of protein molecules as a result of partial

denaturation, leading to network formation that traps sol-

vent ingredients (Corredig 2006; Wierenga and Gruppen

2010). The strength of proteins gel largely are impressed

through electrostatic and hydrophobic interactions as well

as hydrogen and covalent bonds (Adebiyi and Aluko

2011).Proteins with ability to form firm gel at low con-

centration are considered desirable.

In term of LGC, it was revealed that firm gel at lowest

concentration (10% (W/V)) referred to UF/D-GPPC. Firm

gel of IE-GPPC formed at 12% (W/V) concentration.

Furthermore, SE-GPPC with 14% (W/V) concentration

was needed to form firm gel (Table 5). Therefore, it can be

deduced that the intensity of inter-molecular interactions in

UF/D-GPPC gel was stronger relative to IE-GPPC and SE-

GPPC to overcome repulsive forces. In this regard, Adebiyi

and Aluko (2011) in comparison gel forming ability of

soluble fractions of commercial pea protein in water, salt,

alkaline and ethanol demonstrated that unlike water soluble

and salt soluble fractions, alkaline soluble fraction formed

a firm gel at the LGC of 10%. Therefore, it can be

understood that protein quantity, quality and also type of

protein fractions solubilized in various extraction methods

had directly impact on LGC.

Conclusion

All proteins had similar amino acids profile, indicate that

precipitation methods did not have considerable effect on

amino acids profiles. GPPC prepared by UF/D method had

higher total, charged hydrophilic, uncharged hydrophilic

and hydrophilic amino acids relative to others. Likewise,

GPPC processed by SE method had lowest values. The

results demonstrated that the relatively high hydrophobic-

hydrophilic balance in IE-GPPC resulted in low WBC.

Meanwhile, high amino acid content and charged hydro-

philic amino acid level of UF/D-GPPC participate at high

WBC. On the other hand, the presence of high hydrophobic

amino acids content at UF/D-GPPC raised OBC. Protein

solubility decreased till pH reached to 4–5 and then

increased by increasing pH. The highest solubility was

observed for UF/D-GPPC which referred to its relatively

high surface charge and low surface hydrophobicity. In

term of interfacial tension, it was revealed that all isolates

were capable to reduce interfacial tension relative to water.

The results showed that the highest surface charge, surface

hydrophobicity, FC and FS belonged to IE-GPPC. How-

ever, emulsifying results showed that the highest EC, EAI

and ESI belonged to UF/D-GPPC. UF/D-GPPC was cap-

able to form firm gel at lowest concentration (10% (W/V)).

However, 14% (W/V) concentration of SE-GPPC was

needed to form firm gel which demonstrated that UF/D-

GPPC gel had strong inter-molecular interactions intensity.
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