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Abstract

The functional properties of pigeonpea and cowpea protein isolates were determined as a function of extraction technique and

pH conditions of the extraction medium. The isolates extracted using the micellization technique (MP) showed signi®cantly
(P<0.05) higher solubility than those extracted using the isoelectric point precipitation technique (IP) and, for the latter, solubility
was negatively correlated with the extraction pH. The MP isolates exhibited signi®cantly higher water absorption than the iso-

electric isolates extracted at pH 8.5 but lower than the isolates extracted at pH 11.5 and 12.5. Cowpea MP exhibited higher oil
absorption than the IP but pigeonpea MP was lower in this property than the IP extracted at pH 8.5 and higher than those
extracted at pH 9.5±11.5. The MP isolates exhibited better emulsifying properties than the corresponding IP isolates and this
property was drastically impaired at extraction pH 12.5. Pigeonpea MP exhibited lower foam expansion than the IP isolates except

for the isolate extracted at pH 12.5, but was higher in foam stability. Cowpea MP showed higher foam expansion than the IP
isolates which decreased with increasing extraction pH for the latter, but foam stability was only slightly a�ected. The MP isolates
exhibited better gelation properties than the IP isolates extracted at pH above 9.5 and the least gelation concentration increased

with increasing extraction pH. The solubility and exposed hydrophobicity best predicted the whipping properties, emulsion stabi-
lity, and least gelation concentration of the isolates. # 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Tropical legumes, such as pigeonpea and cowpea, are
crops that are well adapted to the semi-arid zones of
Kenya because of their drought tolerance. A review of
available literature reveals that more e�ort has been
invested in the nutritional and chemical evaluation of
these legumes than the studies of those physicochemical
and biochemical properties that bear upon their tech-
nological transformation and postharvest stability
(Hulse, 1991). It has been demonstrated in Part I of this
work that extraction technique and conditions had sig-
ni®cant e�ects on the physicochemical properties of
pigeonpea and cowpea protein isolates such as chemical
composition, colour, thermal properties and hydro-
phobicity. Previous studies have indicated signi®cant
di�erences in functional properties between micelle and

isoelectric protein isolates extracted from faba bean,
chickpea and fenugreek (Abdel-Aal, Shehata, Mahdy &
Youssef, 1986), sa�ower (Paredes-Lopez & Ordorica-
Falomir, 1986b) and chickpea (Paredes-Lopez, Ordorica-
Falomir & Olivares-Vasquez, 1991). As pointed out by
Mitchell and Ledward (1986), many past developments
of fabricated foods have been as a result of inspired
creativity and trial and error manipulation of ingre-
dients with little understanding of the underlying sci-
ence. There is, therefore, need for the food technologist
to understand the behaviour of individual ingredients in
the formulated foods.
The present study was, therefore, aimed at determin-

ing the e�ects of extraction techniques and conditions
on the functional properties of protein isolates extracted
from commercial pigeonpea and cowpea samples from
Kenya, and to establish models for predicting some
functional properties of the isolates using some basic
physicochemical characteristics.
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2. Materials and methods

Protein isolates from pigeonpea and cowpea extracted
by the isoelectric andmicellization techniques as described
in Part I of this paper were used. The isoelectric isolates
were designated the code IP followed by the pH of
extraction and the micelle isolates were designated as
MP. Suproplus 651 soy protein isolate (Protein Tech-
nologies International, Zwaanhofweig, Belgium) was
used for comparison whenever applicable.

2.1. Protein pH±solubility

The pH±solubility was determined according to
AACC method 46±23 (1983) with some modi®cations.
Samples (ca 1.0 g) were accurately weighed into 50 rnl
centrifuge tubes and dispersed in 20 ml of water adjusted
to pH between 2 and 12. The dispersions were
mechanically shaken for 1 h, centrifuged at 8000 g for
15 min and the supernatants collected. The residue was
resuspended and centrifuged twice in 10 ml water. The
combined supernatants were analyzed for nitrogen by
the Kjeldahl method (AACC 46-12, 1983) and reported
as nitrogen solubility index (NSI), de®ned as % soluble
nitrogen/total nitrogen.

2.2. Functional properties

Water and oil absorption capacities were determined
by the centrifugation method of Lin, Humbert and
Sosulski (1974). Emulsifying properties were determined
according to the method of Yasumatsu, Sawada, Mori-
taka, Toda and Ishii (1972) with modi®cations (Wang &
Kinsella, 1976). Whipping properties were determined
according to the method described by Kabirullah and
Willis (1982). Gelation properties were determined
according to the method described by Co�mann and
Garcia (1977).

2.3. Statistical analysis

Analysis of variance, Duncans multiple range test,
and backward stepwise multiple regression were done
using the Statistical Analysis System package (SAS,
1987).

3. Results and discussion

3.1. pH±Solubility

The nitrogen pH±solubility pro®les of pigeonpea (Fig.
1) and cowpea isolates (Fig. 2) showed three general
regions: one of minimum solubility (pH 4±8) essentially
the isoelectric pH range and two of solubility maxima at
pH 2 and 12. The isolates presented similar solubility

pro®les, qualitatively, but signi®cant quantitative dif-
ferences were observed among the isolates. Micelle iso-
lates exhibited signi®cantly (P<0.05) higher solubility
than the corresponding isoelectric isolates over all pH
values away from pH 4. The highest solubilities were
observed at pH 12 for pigeonpea MP (79.22%) and at
pH 2 for cowpea MP (75.65%) and the lowest at pH 4
for the IP 12.5 isolates. Previous studies had shown that
MP was superior to IP in terms of solubility for saf-
¯ower (Paredes-Lopez & Ordorica-Falomir, 1986a), and
chickpea (Paredes-Lopez et al., 1991). The pH±solubi-
lity curves, especially those of the isoelectric isolates,
were characterized by a broad range of low solubility
over the pH 4±8 range with solubilities of less than 10%,
and the solubilities of IP 10.5±12.5 were relatively low

Fig. 1. Nitrogen solubility pro®les of pigeonpea micelle (MP) and

isoelectric (IP) protein isolates.

Fig. 2. Nitrogen solubility pro®les of cowpea micelle (MP) and iso-

electric (IP) protein isolates.

446 M.A. Mwasaru et al. / Food Chemistry 67 (1999) 445±452



(<50%), even at pH 2 and 12. An inverse relationship
was apparent between protein solubility and the extrac-
tion pH of the IP isolates. A narrower pH range of
insolubility has been reported as desirable for protein
extractability (Kilara, Humbert & Sosulski (1972). The
low solubility of the isoelectric isolates observed in the
present study paralleled the increase in the degree of
protein denaturation with increasing extraction pH pre-
viously demonstrated by the di�erential scanning
calorimetry studies reported in part I of this paper.
Pro®les with low solubility over a broad range of pH are
indicative of severe protein denaturation and insolubili-
zation (Hermansson, 1979; Kinsella, 1979; Lillford,
1983; Nakai, 1983) which have been shown to markedly
a�ect the functional properties of proteins.

3.2. Water absorption capacity

The water absorption capacities of pigeonpea and
cowpea isolates are shown in Table 1. IP 8.5 of both
legumes exhibited the lowest water absorption capacity
and this property increased with increasing extraction
pH for the IP isolates. Pigeonpea MP exhibited sig-
ni®cantly (P<0.05) higher water absorption capacity
than IP 8.5, was similar to IP 9.5 and 10.5, but was
lower than IP 11.5 and 12.5. For cowpea, MP exhibited
higher water absorption than IP 8.5 but was lower than
the rest of the IP isolates. The water absorption capa-
cities of pigeonpea and cowpea isolates in the current
study compared unfavourably to those of a commercial
soy isolate (Suproplus 65 1) which gave a value of 4.04
ml H2O/g. However, they compared favourably to iso-
lates from great northern bean (2.73 g/g) (Sathe &
Salunkhe, 1981), sa�ower (1.80±2.82 ml/g) (Paredes-
Lopez & Ordorica-Falomir, 1986b), faba bean, chickpea
and fenugreek (1.84, 1.88, and 2.61 ml/g, respectively)
(Abdel-Aal et al., 1986) and rapeseed (1.33 g/g) (Man-
sour, Peredi & Dworschak (1992). The low water
absorption capacities of the pigeonpea and cowpea iso-
lates in the present study were probably due to the oven-
drying method used which yielded isolates with a horny

gelatinized texture which may have hindered their
hydration. It had been previously observed that
increasing the pH of extraction resulted in an increase in
the degree of protein denaturation. The consequent
conformational changes probably resulted in the expo-
sure of previously hidden hydrophilic amino acid side
chains and may account for the observed increase in the
water absorption capacity with increasing extraction
pH. Similar observations have been previously reported
for chickpea isolates (Paredes-Lopez et al., 1991) and
pea isolate (Sumner, Nielson & Youngs, 1981). Di�er-
ences in the contents of non-proteinaceous material
(NFE) of the isoelectric isolates, may also have con-
tributed to the observed di�erences in water absorption
among the isolates as previously observed for isolates
from adzuki bean (Tjahjadi, Lin & Breene, 1988), sun-
¯ower (Kilara et al., 1972) and great northern bean
(Sathe & Salunkhe, 1981). Solubility of protein has also
been shown to exhibit an inverse relationship with water
absorption (Quinn & Paton, 1979), a factor which may
account for the lower water absorption capacity of the
more soluble IP 8.5 isolates in the present study.

3.3. Oil absorption capacity

As shown in Table 2, pigeonpea isolates generally
exhibited signi®cantly (P<0.05) higher oil absorption
capacities than the corresponding cowpea isolates. For
pigeonpea, MP exhibited signi®cantly (P<0.05) higher
oil absorption capacity than IP 9.5, 10.5 and 11.5, was
similar to IP 12.5, and was lower than IP 8.5. For cow-
pea, MP exhibited signi®cantly higher oil absorption
than all IP isolates, indicating that the e�ect of extrac-
tion conditions on this property was also in¯uenced by
the botanical source of the protein. Paredes-Lopez et al.
(1991) have reported that chickpea micelle isolate
exhibited higher oil absorption capacity than the iso-
electric isolate. The oil absorption capacities of pigeon-
pea and cowpea isolates in the present study were lower
than that of a commercial soy isolate (3.29 ml oil/g).
They were, however, comparable to the 1.7 and 2.0 ml

Table 1

Water absorption capacities (ml H2O/g protein) of pigeonpea and

cowpea protein isolatesa

Isolateb Pigeonpea Cowpea

MP 1.24�0.01e 1.24�0.01e

IP 8.5 0.84�0.00f 0.85�0.01f

IP 9.5 1.25�0.01de 1.28�0.00d

IP 10.5 1.26�0.02de 1.68�0.02c

IP 11.5 2.10�0.01a 1.68�0.03c

IP 12.5 2.13�0.04a 1.73�0.04b

a Means followed by the same letter are not signi®cantly di�erent

(P<0.05). Values given are means of duplicate determinations.
b MP=micelle protein; IP=isoelectric protein.

Table 2

Oil absorption capacities (ml oil/g protein) of pigeonpea and cowpea

protein isolatesa

Isolateb Pigeonpea Cowpea

MP 2.10�0.00b 1.98�0.13b

IP 8.5 2.45�0.01a 1.67�0.06c

IP 9.5 1.79�0.13c 1.27�0.02d

IP 10.5 1.77�0.13c 1.67�0.01c

IP 11.5 1.77�0.01c 1.66�0.01c

IP 12.5 2.03�0.13b 1.67�0.03c

a Means followed by the same letter are not signi®cantly di�erent

(P<0.05). Values given are means of duplicate determinations.
b MP=micelle protein; IP=isoelectric protein.
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oil/g protein for chickpea MP and IP isolates, respec-
tively (Paredes-Lopez et al.), 1.59±2.58 ml/g for adzuki
bean isolates (Tjahjadi et al., 1988) and 2.00±2.22 ml/g
for cowpea IP isolates (Sefa-Dedeh & Stanley, 1988).
Oil absorption has been attributed to physical entrap-
ment of oil within the protein isolates (Kinsella, 1976)
and non-covalent bonds such as hydrophobic, electro-
static and hydrogen bonding are forces involved in
lipid±protein interaction.

3.4. Emulsifying properties

The emulsifying properties of pigeonpea and cowpea
isolates are presented in Figs. 3 and 4, respectively. The
MP of both legumes showed signi®cantly (P<0.05)
higher emulsifying activity and foam stability than the
IP. Pigeonpea IP exhibited a gradual increase in emul-
sifying activity as the extraction pH was increased from
8.5 to 11.5, followed by a steep decline at pH 12.5. The

emulsion stability of cowpea IP exhibited an increase as
the extraction pH was increased from 8.5 to 9.5 which
stabilized between pH 10. 5 and 11.5, followed by a
marked decrease at extraction pH 12.5. Cowpea IP iso-
lates exhibited a signi®cant decrease in emulsifying
activity as the extraction pH was increased from 8.5 to
12.5 with a drastic decline at pH 12.5. A trend similar to
that of emulsifying activity was observed for emulsion
stability. All pigeonpea and cowpea isolates were similar
to, or better in emulsifying activity and emulsion stab-
ility than a commercial soy isolate except for pigeonpea
IP 12.5 and cowpea IP 11.5 and 12.5. Previous studies
have shown that chickpea IP isolate exhibited superior
emulsifying activity to the MP isolate but the latter
exhibited better emulsion stability (Paredes-Lopez et al.,
1991). MP of faba bean, chickpea and fenugreek per-
formed better than the IP isolates in terms of emulsify-
ing properties (Abdel-Aal et al., 1986) and sa�ower MP
showed better emulsion stability, but no signi®cant dif-
ferences were apparent in emulsifying activity (Paredes-
Lopez & Ordorica-Falomir, 1986b). The results
obtained in the current study and previous studies tend
to indicate that the responses of the emulsi®cation
functionality to extraction technique and conditions are
dependent on the botanical source of the proteins.
Di�erences in the emulsifying activity of protein may be
related to their solubility and conformational stability
(Abdel-Aal et al.; Tjahjadi et al., 1988). Paredes-Lopez
et al. observed that the sample with the lowest solubility
exhibited the lowest emulsifying activity and the highest
emulsion stability, an observation partly consistent with
the results obtained in the present study since IP 12.5
which exhibited the lowest pH±solubility showed the
lowest emulsifying activity but was also the lowest in
emulsion stability. Multiple regression analysis, how-
ever, showed no signi®cant (P<0.05) correlation
between solubility and the emulsifying activity of the
isolates, probably because of the extremely low solu-
bility of the protein isolates used in the present study.
This latter observation was therefore at variance with
that of Li-Chan, Nakai and Wood (1984), who had
reported that, for meat proteins, solubility parameters
were more in¯uential in predicting the emulsion prop-
erties of samples with low solubility (<50%). Hydro-
phobicity of proteins has also been reported to in¯uence
their emulsifying properties (Aluko & Yada, 1993; Kato
& Nakai, 1980; Kinsella, 1979; Li-Chan et al.; Nakai,
1983; Townsend & Nakai, 1983). The roles of exposed
hydrophobicity (Se) and solubility at pH 8 (So), in
determining the emulsifying properties of pigeonpea
and cowpea protein isolates, were investigated using
backward stepwise multiple regression (Table 3). The
following regression models were obtained for predict-
ing their emulsifying properties.

ES � 26:48477� 0:000597 SeSo �1�

Fig. 3. Emulsifying properties of soy protein (SP), pigeonpea micelle

protein (MP) and isoelectric protein (IP) isolates.

Fig. 4. Emulsifying properties of soy protein (SP), cowpea micelle

protein (MP) and isoelectric protein (IP) isolates.
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ES � ÿ74:18520� 11:87115 In�SeSo� �2�

where ES=emulsion stability. The regression models
indicated that SeSo accounted for 34.2% and ln(SeSo)
47.7%, of the observed variability in emulsion stability
and both parameters were positively related to emulsion
stability. By virtue of the R2 value, model (2) is a better
predictor of the emulsion stability of the isolates. Aluko
and Yada; on the other hand, reported signi®cant corre-
lations between aliphatic hydrophobicity and emulsify-
ing activity index, and between aliphatic hydrophobicity,
aromatic hydrophobicity and protein solubility, and
emulsion stability of cowpea isolates. The cowpea isolate
used by these workers was highly soluble (>90%) and
this probably accounts for the discrepancy between their
results and those obtained in the current study.

3.5. Whipping properties

The foam expansion and stability, used as indices of
the whipping properties of pigeonpea and cowpea iso-
lates are presented in Figs. 5 and 6, respectively.
Pigeonpea MP exhibited signi®cantly (P<0.05) lower
foam expansion than the IP isolates except for IP 12.5.
The foam stabilities were characterized by small but
signi®cant di�erences, with MP showing the highest
stability. Cowpea MP showed signi®cantly (P<0.05)
higher foam expansion than the IP isolates. The foam
stability of cowpea MP was signi®cantly higher than
that of IP 9.5, 10.5 and 11.5. Foam expansion of cow-
pea and pigeonpea IP isolates decreased with increasing
extraction pH but foam stability was only slightly

a�ected. It was observed that a commercial soy isolate
was superior in foam expansion to all pigeonpea isolates
and cowpea IP 9.5±12.5. Soy isolate exhibited better
foam stability than pigeonpea isolates extracted at pH
10.5±12.5 and cowpea IP 9.5±11.5. Previous studies
have indicated that sa�ower MP gave better foaming
capacity than the IP (Paredes-Lopez & Ordorica-
Falomir, 1986b) whereas chickpea IP was better in foam
expansion and stability than the MP (Paredes-Lopez et
al., 1991). It has also been reported that the solubility of
soy proteins is closely correlated with foam expansion
but that foam stability is related to the degree of dena-
turation (Kinsella, 1979). The results obtained in the
present study are consistent with the above relative to
foam expansion but are at variance with those pertain-

Table 3

Backward stepwise multiple regression models for predicting emulsion stability (ES), foam expansion (FE) and foam stability (FS) of pigeonpea and

cowpea protein isolates using exposed hydrophobicity (Se) and solubility (So) parameters

Dependent variable Independent variable Regression coe�cient F-value F-probability

ES (n=12, F-probability=0.046, R2=0.342 SeSo 0.000597 5.189 0.0459

Constant 26.48477 0.0027

ES (n=12, F-probability=0.0129, R2=0.477) ln(SeSo) 11.87115 9.114 0.0129

Constant ÿ74.18519 0.0757

FE (n=12, F-probability=0.044, R2=0.346) ln(SeSo) 4.60477 5.288 0.0443

Constant ÿ16.72255 0.4011

FE (n=12, F-probability=0.030, R2=0.0653) Se 0.01371 5.021 0.0231

So 4.52415 0.0124

SeSo ÿ0.00178 0.0218

Constant ÿ4.25908 0.6657

FS (n=12, F-probability=0.006, R2=0.541) So 0.69339 11.764 0.0064

Constant 66.49304 0.0001

FS (n=12, F-probability=0.003, R2=0.607) SeSo 0.000263 15.416 0.0028

Constant 66.70417 0.0001

FS (n=12, F-probability=0.021, R2=0.576) Se 0.01452 6.111 0.4087

So 0.60318 0.0275

Constant 63.90394 0.0001

FS (n=12, F-probability=0.0052, R2=0.559) (lnSe)So 0.08941 12.671 0.0052

Constant 66.46039 0.0001

Fig. 5. Whipping properties of soy protein (SP), pigeonpea micelle

protein (MP) and isoelectric protein (IP) isolates.
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ing to foam stability, which appeared relatively indif-
ferent to the degree of denaturation, as determined by
di�erential scanning calorimetry. Horiuchi, Fukushima,
Sugimoto and Hattori (1978) reported a good correla-
tion between surface hydrophobicity and foam stability.
It has also been reported that optimum foaming of
protein seems to be associated with dispersibility and
hydrophobicity values above 20% and 700, respectively
(Townsend & Nakai, 1983). The latter workers also
concluded that, regardless of the degree of dispersibility,
proteins with low hydrophobicity exhibited poor foam-
ing capacity. This conclusion was in agreement with the
results obtained in the present study in that the isolates
with the lowest exposed hydrophobicity values (IP 12.5)
also exhibited the lowest foam expansion. The roles of
protein solubility and exposed hydrophobicity on the
whipping properties of pigeonpea and cowpea isolates
were investigated using backward stepwise multiple
regression (Table 3). The following regression models
were obtained for predicting the whipping properties

FE � 4:60477 ln�SeSo� ÿ 16:72255 �3�

FE � 0:01371 Se� 4:452415 Soÿ 0:00178 SeSo

ÿ 4:25908 �4�

FS � 66:49304� 0:69339 So �5�

10 FS � 66:70417� 0:000263 SeSo �6�

FS � 63:90394� 0:01452 Se� 0:60318 So �7�

FS � 66:460039� 0:08941 �lnSe�So �8�

where FE=foam expansion, FS=foam stability, Se=
exposed hydrophobicity, and So=nitrogen solubility
index at pH 8.

Model 4 was deemed the best predictor of foam
expansion of pigeonpea and cowpea protein isolates.
This was because the independent variables So and Se,
and their interaction (SeSo) contributed the highest
proportion (65.3%) of the variability in foam expan-
sion. By applying the same logic, model Eq. 6
(R2=0.607) was considered the best predictor of foam
stability of these isolates. These models indicated that
the foam expansion of the isolates was strongly in¯u-
enced by solubility and the interaction between exposed
hydrophobicity and solubility. On the other hand, foam
stability was correlated to the interaction of these two
parameters. The above observations are consistent with
those previously made by Aluko and Yada (1993) for
cowpea isolate.

3.6. Gelation properties

The least gelation concentrations (LGC) of pigeonpea
and cowpea isolates are given in Table 4. No signi®cant
(P<0.05) di�erences were observed between the MP
and IP 8.5 and 9.5, for both pigeonpea and cowpea
protein isolates. For the IP isolates, the LGC increased
at extraction pH above 9.5. The commercial soy isolate
exhibited LGC of 12%, which was higher than all the
isolates in the present study. The increase in LGC of IP
isolates extracted at pH >9.5 suggested that the gelling
ability of the isolates decreased with increasing degree
of denaturation, which had earlier been shown to be
positively correlated with extraction pH (see Part I).
Voutsinas, Nakai and Harwalkar (1983) reported that
protein gelation was signi®cantly a�ected by exposed
hydrophobicity and the square of sulfhydryls of pro-
teins. The roles of hydrophobicity and solubility in pre-
dicting the gelation properties of pigeonpea and cowpea
were investigated using backward stepwise multiple
regression (Table 5). Sulfhydryls were excluded from the
analysis since it had been shown earlier that pigeonpea
and cowpea isolates were similar and low in sulfur
amino acid contents. The following regression models
were obtained for predicting the gelation properties of
pigeonpea and cowpea isolates.

Fig. 6. Whipping properties of soy protein (SP), cowpea micelle pro-

tein (MP) and isoelectric protein (IP) isolates.

Table 4

Least gelation concentration (%) of pigeonpea and cowpea protein

isolatesa

Isolateb Pigeonpea Cowpea

MP 6.00a 6.00a

IP 8.5 6.00a 6.00a

IP 9.5 6.00a 6.00a

IP 10.5 8.00b 10.00c

IP 11.5 10.00c 10.00c

IP 12.5 10.00c 10.00c

a Means followed by the same letter are not signi®cantly di�erent

(P<0.05). Values given are means of triplicate determinations.
b MP=micelle protein; IP=isoelectric protein.
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LGC � 12:0803ÿ 0:00195Se �9�

LGC � 9:45291ÿ 0:22942So �10�

LGC � 41:76839ÿ 4:44728InSe �11�

LGC � 24:82135ÿ 1:810841n�SeSo� �12�

LGC � 12:11995ÿ 0:001496Seÿ 0:13650So �13�

LGC � 13:71915ÿ 0:00234Seÿ 0:40423So

� 0:000122SeSo �14�

where LGC=least gelation concentration, Se=exposed
hydrophobicity, So=nitrogen solubility index at pH 8.
The regression models indicated that LGC was nega-

tively correlated with exposed hydrophobicity and that
this variable accounted for 61.9% [model Eq. (9)] of the
observed variability in LGC; solubility was also nega-
tively correlated with LGC and accounted for 45.7% of
the variability [model Eq. (10)]. The regression model
incorporating ln(SeSo) [model Eq. (12)], which accoun-
ted for 78.6% of the variability in LGC, was selected as
the best predictor of the gelation properties of pigeon-
pea and cowpea protein isolates.
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