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ABSTRACT

Objective: The aim of this study was to obtain pigeon pea protein concentrate (PC) of green seeds and mature seeds from Cajanus cajan grown in 
Ecuador and evaluate their functional properties.

Methods: Pigeon PC of green seeds (GPPPC) and pigeon PC of mature seeds (MPPPC) were obtained by alkaline extraction (pH  8.5) using the 
isoelectric precipitation at pH 4.5 method. Content of protein was determined using the Dumas method. Functional properties were evaluated with 
the following functional properties: Protein solubility (PS), water absorption capacity (WAC), oil absorption capacity (OAC), emulsifying activity index 
(EAI), emulsion stability index (ESI), foaming capacity (FC), and foam stability (FS).

Results: GPPPC and MPPPC are statistical different (p<0.05) in the evaluation of functional properties such as WAC, OAC, EAI, ESI, FC, and FS. GPPPC 
and MPPPC have different PS profiles. GPPPC is higher in WAC and EAI; MPPPC is higher in OAC, EAI, FC, and FS properties.

Conclusions: PPPC can be used as functional ingredients that provide technological improvements in the generation of new food products. Both seed, 
green or mature, can be considered to obtain PPPC. The green or mature PPPC to be used would depend on the technological property required in the 
specific process for the food industry.
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INTRODUCTION

Protein concentrates (PC) or protein isolates (PI) are usually obtained from 
soybeans and milk proteins [1,2]. PC and PI are used as an ingredient to 
increase nutritional value and to provide favorable sensorial characteristics 
in food products [3,4]. The current problems of food security and 
malnutrition, together with the increase in population, high cost of animal-
based food, globalized migration, restrictions due to allergies, and dietary 
preferences, have urged the identification and incorporation of new protein 
sources to enrich traditional formulations and diversify consumer products. 
Legumes are good candidates for this propose, with a high protein content 
and a low production cost [5,6]. Extraction alkaline followed by isoelectric 
precipitation is the methods mostly used to isolate proteins from animal 
and vegetable protein sources such as milk, soybean, amaranth, quinoa, 
sesame, sacha inchi, macadamia, and pigeon pea seeds. These technological 
processes can help to eliminate antinutritional factors [7-17].

Pigeon pea (Cajanus cajan) is a legume that belongs to the Fabaceae 
family, cultivated in countries of Asia, Africa, the Caribbean, and South 
America (Ecuador, Colombia, Venezuela, Peru, and Bolivia). Pigeon pea 
is used to improve the quality of the soil, for fodder or green manure, 
traditional medicine, and for human nutrition for their high nutritive 
value and biological properties. Pigeon pea is a rich source of protein 
and provides a good amount of starch, fiber, and minerals [18,19].

Content of proteins of pigeon pea seeds can vary from 18% to 22% 
of total content. Pigeon pea seeds’ main storage proteins are globulin 
proteins [20]. Pigeon pea proteins have a high content of essential 
amino acids such as lysine, valine, threonine, and phenylalanine. 
However, these seeds are generally deficient in sulfur amino acids such 
as cysteines and methionine [21].

Mwasaru et al. reported pigeon pea PI obtained by alkaline extraction 
at pH 8.5 and pH 12.5 with a protein content of 83.4% and 78.1% of 
total content, respectively [22]. Butt and Batool reported pigeon pea 
PI obtained by alkaline extraction at pH 9.5, with a protein content of 
82.95% of total content [5].

Food ingredient applications of vegetable protein depend on proteins 
functional properties. Functional properties can affect the food 
behavior during manufacturing, processing, storage, preparation, and 
consumption, for the physical and chemical properties and the molecular 
structure and size of the proteins used. Most important functional 
properties of protein include solubility, water and oil absorptions, 
emulsification, foaming properties, and gelation. It is known that the 
variation in the protein content and functional properties is affected 
by the type of raw material (for example, green and mature seeds), the 
processing history of the obtained raw material, and finally the protein 
extraction method [23].

The aim of this study was to obtain Pigeon PC of green seeds (GPPPC) 
and pigeon PC of mature seeds (MPPPC) from pigeon pea (C. cajan) 
seeds and evaluate their functional properties.

METHODS

Green and mature pigeon pea seeds were acquired in the super market 
in Bolivar, Province of Manabí, Ecuador. Within the reproductive status 
scale, immature or green pigeon pea seeds were obtained at the end of 
the grain filling stage, while mature pigeon pea seeds were obtained at 
the end of their maturation stage. To obtain Green Pigeon Pea Flour, the 
green seeds free of damaged grains and foreign materials were scalded 
for 1.5 min and then dried at 50°C for 72 h, and to obtain mature pigeon 
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pea flour, mature seeds were dried at 50°C for 24 h. Flours were milled 
(212 µm size) before protein extraction.

Determination protein content, moisture, and ash in GPPPC and 
MPPPC
The contents of moisture, protein, and ash in the samples of GPPPC and 
MPPPC from C. cajan seeds were determined using the standard methods 
described in the AOAC [24]. The samples protein content was determined 
by the micro-Kjeldahl method (AACC, 2000) using a protein-nitrogen 
coefficient of N ×6.25 [25]. The calculated contents were expressed on 
a dry weight basis. Each analysis was carried out in triplicate (n=3), and 
data were reported as means ± standard deviation (SD).

Preparation of pigeon pea PC (PPPC)
PPPCs were obtained using the alkaline method followed by the 
isoelectric precipitation method. For both, green and mature, pigeon 
pea flour, protein extraction was performed with a solution 1:10 (flour: 
water, w/v) adjusted to pH  8.5 with 1N NaOH. The suspension was 
stirred at 500 rpm for 2 h and then centrifuged at 10,000 rpm for 15 min. 
The protein in the supernatant is precipitated by adjusting the pH to 4.5 
using 1 N HCl. The precipitated protein was recovered by centrifugation 
at 10,000  rpm for 15  min. The protein extract was neutralized with 
0.1 M NaOH, lyophilized, and kept at −20°C until further analysis. The 
protein content was determined by the Dumas method [26].

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) electrophoresis
GPPPC and MPPPC were evaluated with the SDS-PAGE electrophoresis 
technique. Samples (1  mg sample/mL) were dissolved in a sample 
buffer composed by Tris-HCl (0.05 M, pH 6.8), SDS (1.6%, w: v), glycerol 
(8%, v:  v), 2-mercaptoethanol (2%, v:  v), and bromophenol blue 
indicator (0.002%, w: v) and heated at 95°C for 5 min. They were loaded 
into 12% bis-tris polyacrilamide gels. Electrophoretic separation was 
carried out at 200 V for 30 min, using the XT MES running buffer (Bio-
Rad, Hercules, CA, USA) in the Mini-Protean electrophoresis system 
(Bio-Rad, CA, USA). The molecular weight (MW) marker (Precision Plus 
Protein TM Unstained standard, Bio-Rad) containing ten Strep-tagged 
recombinant proteins (10 kDa–250 kDa) was used. Gels were stained 
with Instant Coomassie Blue G-250 (Bio-Rad, Hercules, CA, USA) [27].

Reverse-phase ultra-performance liquid chromatography (RP-
UHPLC) analysis of GPPPC and MPPPC
Characterization was also carried out by RP-UHPLC using an Agilent 
1200 infinity series UHPLC system (Agilent Technologies, Waldbronn, 
Germany). The wavelength detector was 280 nm. The column used was 
Zorbax EC C18 (Agilent Poroshell 120, 4.6  mm × 50 mm × 2.7 µm of 
particle size). Samples were eluted at 1.0 mL/min with a lineal gradient 
from 0% to 70% of solvent B (acetonitrile and trifluoroacetic acid, TFA, 
0.270% v/v) in solvent A (water and TFA, 0.370% v/v) [28].

Functional properties of the PPPC
Protein solubility (PS)
PS was analyzed according to the method of Jarpa-Parra et al. [29] 
with slight modifications. PPPC was dissolved in distilled water at 
a concentration of 0.2% (w/v), and the pH of the suspension was 
adjusted to pH  2.0–pH  10.0 using solutions 0.001N HCl and NaOH. 
The suspensions were shaken for 1  h and centrifuged at 10,000 rpm 
for 10  min in a Sorvall Legend Micro 17 centrifuge (Thermo Fisher 
Scientific, Germany). The content of protein in the supernatant was 
analyzed with the BCA protein assay kit (Thermo Fisher Scientific, 
Germany) with bovine serum albumin as a standard protein. The 
content of soluble protein was expressed as the percentage of the 
content of protein present in the sample.

Water absorption capacity (WAC)
GPPPC or MPPPC was dissolved in distilled water at 1:10 ratio in a pre-
weighed tube. The mixture was homogenized for 30 s every 10  min 
for 5 times. Then, the mixture was centrifuged at ×4,000 g for 20 min 
with Sorvall Legend Micro 17 centrifuge (Thermo Fisher Scientific, 

Germany). The tubes were drained at 45° angle for 10  min and then 
weighed. WAC was calculated as the content of water absorbed by the 
weight of the protein sample.

Oil absorption capacity (OAC)
GPPPC or MPPPC was dissolved in canola oil at 1:10 ratio in a pre-
weighed tube. The mixture was homogenized for 1 min using a vortex 
and then every 5 min until 30 min. Then, the mixture was centrifuged at 
×2,000 g for 15 min with Sorvall Legend Micro 17 centrifuge (Thermo 
Fisher Scientific, Germany). Then, the oil is drained, and the tube is 
tilted for 10  min and then weighed. The result was expressed as the 
content of oil absorbed per gram of sample.

Emulsifying properties
Emulsifying activity index (EAI) and the emulsifying stability index 
(ESI) were determined by the turbidimetric method of Pearce and 
Kinsella [30] 1% GPPPC.

1% MPPPC solution in water was prepared and pH was adjusted to pH 7. 
The solution was stirred for 1 h. The emulsion was obtained by mixing 
3 mL of protein solution with 1 mL of canola oil with an Ultra Turrax T8 
at full speed for 1.5 min. Immediately, 10 µL sample was taken from the 
bottom and diluted (1: 100) with a 0.1% SDS solution. The absorbance 
was measured at 500  nm in a Synergy™ HTX multi-mode microplate 
reader spectrophotometer (BioTek, USA) with the SDS solution as blank 
and using 200 µL in each well of the microplate (96 wells). The EAI and 
ESI were calculated as follows:
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Where F is the dilution factor (100), ϕ is the volume fraction of oil 
(0.25), C is the weight of the protein per unit volume in the aqueous 
phase (10,000 g/m3), L is the path length of the well with the volume 
used (0.00685 m), A0 is the absorbance measured at 500 nm at 0 min, t 
is the time (10 min), and ΔA is the absorbance difference between 0 min 
and 10 min to maintain the static emulsion.

Foaming capacity (FC) and foaming stability (FS)
The FC and FS were analyzed using the method of Zhu et al. [31] with 
modification, for which a 1% GPPPC and 1% MPPPC solution were 
prepared, and the pH was adjusted to pH 7 and stirred for 1 h at room 
temperature. The solution was homogenized with an Ultra Turrax 
T8 at full speed for 1 min. After, 0, 30 and 60 minutes, the volume of 
the samples was measured and recorded. FC was expressed as foam 
expansion by volume difference before and after whipping. FS was 
calculated as the volume of foam remaining after 30 and 60 min. FC and 
FS were calculated using the following formula:

FC (%) = 
V V

V

t 0

0

−
×100

FS (%) = 
FC

FC0

×100

Where V0 is the initial volume before whipping, Vt is the total volume 
after different times, and FC0 is the FC at 0 min.

Statistical analysis
All determinations were carried out in triplicate, and the results are 
expressed as mean ± SD. Analysis of variance was performed using 
the Start Graphic Software followed by the Duncan’s test intergroup 
comparison tests. The level of significance was defined at p<0.05.
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RESULTS

PPPC was obtained of GPPPC and MPPPC from C. cajan (Fig. 1).

GPPPC and MPPPC were isolated by alkaline extraction at pH 8.5 and 
pH  12.5 followed by isoelectric precipitation at pH  4.5 using water 
as solvent. GPPPC presents a protein content of 63.92% of total 
content and MPPPC presents a percentage of 76.41% of protein, a 
higher value than GPPPC. Protein content of GPPPC and MPPPC was 
determined using the Dumas method. GPPPC presents a high value 
of moisture with 11.76% compared to MPPPC with a value of 6.46%, 
while the ash content was higher in GPPPC with a value of 13.44% 
(Table 1).

SDS-PAGE electrophoresis analysis of GPPPC and MPPPC
Fig. 2 shows the protein profile present in GPPPC and MPPPC. GPPPC 
profile showed polypeptides of MW between 37 kDa and 75 KDa, the 
band most intensive was observed with a MW of 50 Kda, and this band 
corresponds to vicilin (7S globulin) protein from pigeon pea. MPPPC 
profile has subunits of polypeptides between 10 kDa and 75 kDa, and 
MPPPC presents a protein profile more complex with more intensive 
bands. The bands with most intensity were the bands with MW of 
50 kDa and 70 kDa. Bands of 50 kD and 70 kDa correspond to vicilin 
protein from pigeon pea. Bands of 25  kDa and 35  kDa can be 11S 
globulins.

Characterization of GPPPC and MPPPC by RP-UHPLC analysis
GPPPC and MPPPC also were analyzed by the RP-UHPLC method at a 
wavelength of 280 nm. GPPPC presents four main fractions, namely, F1, 
F2, F3, and F4. F1 presents high intensity in the chromatogram near 
200 AU. F2, F3, and F4 fractions present low intensity in the GPPPC 
chromatogram. F1 is very hydrophilic with polar charge as their 

retention time is the start run of elution. F4>F3>F2 in hydrophobicity 
capacity (Fig. 3).

MPPPC presents the same profile of peaks in the chromatogram of 
analysis with four fractions, with the same retention time, namely, F1, 
F2, F3, and F4. MPPPC F1 presents higher intensity than GPPPC F1, with 
550 AU of intensive. When the MPPPC chromatogram is in the same 
scale as the GPPPC chromatogram, we can observe the same fractions 
profile. MPPPC F1 intensity indicates that this sample can have a 
higher protein content (Fig.  4). This result is in accordance with the 
protein content determined by the Dumas method and the SDS-PAGE 
electrophoresis technique.

Functional properties of GPPPC and MPPPC
Protein solubility (PS)
PS is probably one of the most important functional properties of 
proteins molecules, as a high solubility allows many industrial uses, 
while low solubility decreases the industrial possibilities. Solubility 
capacity affects other protein functional properties.

The MPPPC protein solubility profile presents the typical U-shape of 
the legume extracts, with a minimum solubility at the isoelectric point 
and a greater solubility at low acidic pH and high alkaline pH (Singh 
et al., 1980). GPPPC solubility profile has not the characteristic U-shape 
graphic (Fig. 5). At pH 2.0, the MPPPC solubility was 58.43±0.11% and 
GPPPC presents 17.95±0.41%, which indicates a high hydrophobicity of 

Fig. 1: (a) Green seeds of pigeon pea (Cajanus cajan) and 
(b) mature seeds of pigeon pea (Cajanus cajan)

Fig. 3: Reverse-phase ultra-performance liquid chromatography 
analysis of Pigeon protein concentrate of green seeds from seeds 

(Cajanus cajan) at 280 nm

Fig. 4: Reverse-phase ultra-performance liquid chromatography 
analysis of Pigeon protein concentrate of mature seeds from 

seeds (Cajanus cajan) at 280 nm

Fig. 2: Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
analysis of Pigeon protein concentrate of green seeds and Pigeon 
protein concentrate of mature seeds from seeds of Cajanus cajan. 

(a) Standard marker, (b) GPPPC, and (c) MPPPC

a b c
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GPPPC at low pH values. At pH 4.0, the solubility decreases with values 
of 3.29±0.39% and 6.98±0.25% for MPPPC and GPPPC, respectively. 
This pH is near to the isoelectric point of proteins from pigeon pea.

GPPPC and MPPPC solubility capacity increases progressively when pH 
increases. GPPPC increases their solubility faster at pH 6.0 with respect 
to MPPPC, being 35.32±1.84% and 11.45±0.22%, respectively. At pH 7.0, 
GPPPC and MPPPC have a similar percentage of solubility capacity. At 
pH 12.0, MPPPC presents higher solubility with a value of 62.77±0.35% 
and GPPPC presents a value of 59±2.12% of solubility capacity.

WAC
GPPPC presents higher WAC with a value of 5.35% of WAC and MPPPC 
presents a value of 2.0% of WAC (Table  2), and these values were 
statistically different at p<0.05.

OAC
GPPPC has a lower OAC than MPPPC (Table 2) with value of 1.89% and 
3.12% of OAC, respectivelly. These value were statistically different at 
p<0.05.

EAI
GPPPC presents 3.95% of EAI and MPPPC presents 3.18% of EAI. These 
results were significantly different (p<0.05) (Table 2).

ESI
GPPPC presents a value of 16.22% of ESI and MPPPC presents a value 
of 40.15% of ESI. MPPPC presents the higher ESI with a totally different 

ESI value in GPPPC (Table 2). These values were statistically different 
at p<0.05.

FC
GPPPC presents a FC percentage 27.30% and MPPPC presents a 
higher value of 68.50% of FC. These results were different significantly 
(p<0.05) (Table 2).

FS
GPPPC and MPPPC FS was determined at 5, 30, and 60  min of 
incubation. The percentage of FS of GPPPC and MPPPC decreases with 
the increase of the time 5 min >30 min >60 min. At 5 min, GPPPC and 
MPPPC present the highest values with a value of 71.15% and 96.03% 
of FS, respectively. At 30 min, GPPPC presents a FS value of 56.73% and 
MPPPC presents a FS value of 81.99%. At 60 min, GPPPC presents a FS 
value of 27.88% and MPPPC presents a FS value of 66.02%.

DISCUSSION

Storage proteins include the protein content in seeds of plant species. 
Storage proteins have been classified in four groups: Globulins, 
glutelins, albumins, and prolamins depending on their solubility in 
different solvents (water, salts, and alcohols). Storage proteins include 
few protein classes, one of which is the globulin class [32]. Based on 
the sedimentation coefficients, legume globulins can be divided in two 
groups: The 7S vicilin globulins type and the 11S legumin-like globulins, 
these globulins differ in their physical and chemical properties. The 
7S globulin class is named vicilins and the 11S globulin class is named 
legumins [33]. Depending on the source, both are designed with specific 
names, i.e., phaseolin in Phaseolus, conglycinin in glycine, and canavalin 
in Canavalia (vicilins) and glycinin in glycine (legumin) [34]. Protein 
content of pigeon pea seeds can be from 22% to 28% of protein on a 
dry basis. In pigeon pea, globulin proteins represent around 54–60% of 
globulins of the total protein content, albumins with a value of 10–15% 
of total protein content, glutelin fraction with a percentage of 10–15% of 
glutelins of total protein content, and prolamins having around 4–5% of 
total protein content [35]. Krishnan et al. 2017 reported a proteins profile 
of pigeon pea (Cajanus cajan) using the SDS-PAGE electrophoresis. They 
found profile proteins with bands between 10  kDa and 100  kDa. The 
most abundant proteins of pigeon pea had MWs of 64 kDa and 47 kDa. 
These two prominent proteins represent the two subunits of the 7S 
vicilin. The 11S legumin-like proteins are not abundant in pigeon pea 
total seed protein [36]. In this study, in GPPPC, a band of 50 kDa was 
identified being a vicilin type globulin. In MPPPC, bands of MW of 50 kDa 
and 70 kDa were identified as a vicilin-type globulin. Our values are in 
accordance with the ones reported by Krishnan et al., 2017, with MWs 
near to the ones reported in this study [36].

Mwasaru et al. [37] have reported MPPPC solubility capacity in 
pigeon pea seeds, obtained at pH  2.0 and pH  12.0 and an isoelectric 
precipitation at pH 4.5. The profile of MPPPC solubility was similar to 
the one reported in this study. For example, at pH 2.0 and pH 12.0, both 
PPPCs present the same percentage of solubility. Only at pH  7.0 and 
pH 8.0, small differences are reported.

Toews and Wang [6] reported WAC of chickpea (variety B90) and the 
commercial PI of pea with values of 2.3 g/g and 2.1 g/g, respectively. In 
this study, a value of 2.0 g/g to MPPPC was reported. GPPPC presents a 
higher value with 5.35 g/g.

Table 1: Content of CP, moisture, and ash of GPPPC and MPPPC

PC CP (%)* Moisture (%)* Ash (%)*
GPPPC 63.92±0.42a 11.76±0.05a 13.44±0.20a

MPPPC 76.41±1.76b 6.46±0.49b 8.90±0.67b

Values are mean±SD (n=3). The values followed by different letters in the 
same column are significantly different (p<0.05). * Percentage on dry weight 
basis. CP: Crude protein, GPPPC: Pigeon protein concentrate of green seeds, 
MPPPC: Pigeon protein concentrate of mature seeds, PC: Protein concentrate

Table 2: Functional properties of GPPPC and MPPPC: Percentage of WAC, OAC, ESI, and FC

Sample WAC (g/g) OAC (g/g) EAI (m2/g) ESI (min) FC (%) FS (%)

5 min 30 min 60 min
GPPPC 5.35±0.26a 1.89±0.03a 3.95±0.97a 16.22±0.33a 27.30±0.61a 71.15±1.85a 56.73±1.72a 27.88±1.59a

MPPPC 2.00±0.21b 3.12±0.06b 3.18±0.02b 40.15±0.47b 68.50±2.13b 96.03±2.25b 81.99±3.05b 66.02±1.55b

Values are mean±SD (n=3). The values followed by different letters in the same column are significantly different (P<0.05), WAC: Water absorption capacity, OAC: Oil 
absorption capacity, ESI: Emulsion stability index, FC: Foaming capacity, SD: Standard deviation, GPPPC: Pigeon protein concentrate of green seeds, MPPPC: Pigeon 
protein concentrate of mature seeds, PC: Protein concentrate

Fig. 5: Effect of pH on the solubility of Pigeon protein concentrate 
of green seeds from seeds and Pigeon protein concentrate of 

mature seeds
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MPPPC presents an OAC value higher when is compared to other 
legumes PC, such as pea, lentil, navy bean, chickpea, and commercial PI 
of soybean and pea. On the other hand, GPPPC presents an OAC value of 
(1.8 g/g) like the PC values. Fernández-Quintela et al. [38] reported PI 
of pea, faba bean, and soybean with OACs of 1.2 g/g, 1.6 g/g, and 1.1 g/g, 
respectively. MPPPC presents an OAC value of 3.12 g/g. This value was 
higher than the value reported in this study.

GPPPC presents EAI of 3.95 m2/g and MPPPC presents EAI of 3.18 m2/g. 
These values were low compared to the EAI values of other proteins 
concentrates, such as kidney bean (21.3 m2/g and 23.7 m2/g of EAI), 
field pea (13.1 m2/g of EAI), and soy PI (12.2 m2/g of EAI).

In this study, GPPPC presents 16.22  min ESI and MPPPC presents 
40.15 min ESI. Shevkani et al. [39] reported ESI values of kidney bean 
and field pea of 46.0 min and 78.1 min, respectively, GPPPC (16.22 min), 
and MPPPC (40.15  min) present a low value. Achouri et al. 2012 
reported a value of 16.8 min (ESI) for soy PI. The value reported in this 
study for MPPPC was high compared to the soy PI value ESI [40].

In this study, GPPPC presents 27.30% of FC and MPPPC presents a 
value of 68.50% of FC. Akintayo et al. [41] described MPPPC obtained 
by alkaline extraction at pH 8.5 with 80% of FC, with 72% of protein 
content. MPPPC presents an FC similar value of PPPI obtained by 
alkaline extraction at pH  9.5  (68±3.09% of FC) reported by Butt and 
Batool [5].

Green and mature pigeon pea PC differ significantly in terms of 
functional properties. The differences found in both PC are derived 
from the changes suffered by the proteins in the different stages 
of development, such as changes in concentration, composition, 
structure, charges, and hydrophobicity, which have been revealed 
in previous studies, and reflected in the variation of the functional 
properties of GPPPC and MPPPC. GPPPC presents higher in WAC and 
EAI, while MPPPC is higher in OAC, ESI, FC, and FS. Thus, MPPPC is 
more suitable for cold meat products, sauces, beverages, ice creams, 
and whipped creams, while GPPPC is more suitable in bakery products; 
considering that, the solubility of the protein in GPPPC showed that it 
is unsuitable for products of high acidity due to its deficient solubility 
at low pH. These results support the use of pigeon pea proteins not 
only to increase protein levels but also as ingredients providing 
technological improvements in the generation of consumer products. 
The reproductive stage of seeds to obtain the protein extract to be used 
is important to be considered, depending on the technological property 
required in the specific food process.
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