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Abstract. Protein solubility, fat and water absorption capacity, emulsion and foaming capacities and
stabilities of Dolichos lablab flour, protein concentrate and protein isolate were determined. Protein solubility
at different pH revealed that Dolichos lablab bean protein had minimum solubility at pH 4.0. The protein
isolate showed better solubility than bean flour and protein concentrate below and above pH 4.0. Protein
isolate had the highest oil absorption capacity, but lowest water absorption capacity among the samples
studied. Emulsion capacity of the Dolichos lablab proteins was fair, with high stability. Although the protein
isolate exhibited excellent foaming capacity, it had less foam stability in comparison to the bean flour and
protein concentrates.
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Introduction

Legumes are important source of proteins, carbohydrates, dietary fiber and minerals that
are consumed worldwide. Although many species have been extensively studied and
commercially promoted, several potential legumes growing in tropical and subtropical
areas are still little known. These potential legumes might be of great importance in many
developing countries, where there is a pressing need for good source of high energy and
good protein quality. The Dolichos lablab bean (Dolichos lablab purpureus (L.) Sweet) is
an indigenous legume of South and East Asia. The plant is drought tolerant and grows well
with limited moisture. As in other legumes, the main nutritional advantage of the bean lies
in the mature seed which contains (21.5 - 24.9%) protein, (0.8%) fat and
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(60.1%) carbohydrates [1, pp. 102-106, 275-278; 2, pp. 273-276, 290-294]. The amino
acid composition of the Dolichos lablab bean is similar to that of soybean protein, with
sulfur containing amino acid (methionine and cystine) being the limiting amino acid [1].
Most of the previous studies carried out on the Dolichos lablab bean were limited to
proximate analysis [1; 2], mineral content [3], antinutritional factors [4; 5] protein quality
[6] and animal teeding [7; 8]. However, there is no information on functional properties
of the Dolichos lablab bean proteins; such information is needed for the potential use of
the protein in food and for the comparative studies with other legume proteins. The
purpose of this study is, therefore, to determine protein solubility. water and oil
absorption and functional properties of Dolichos lablab flour, protein concentrate and
protein isolate.

Materials and Methods
Materials
Dolichos lablab beans (Dolichos lablab purpureus (L.) Sweet) were obtained from
the Agriculture Experiment station, College of Agriculture, King Saud University, Saudi
Arabia. Beans were cleaned manually and ground in hammer mill to pass through a 30-
mesh screen size (bean flour).

Preparation of protein isolate and protein concentrate

For the preparation of protein concentrate the method ot Mattil [9] was employed.
The bean flour was mixed with (70%) ethanol (1:10 wt/vol). After stirring for 30 min, the
mixture was centrifuged at 10,000 rpm for 20 min. The precipitate was air dried in the
laboratory, then ground.

Protein isolate was prepared by extracting bean flour with water (1:10) and
adjusting the pH of suspension to pH 10. After stirring for 30 min. the mixture was
centrifuged at 10,000 rpm for 20 min. The supernatant was brought to its isoelectric point
(IP) by adding IN HCI. The suspension was centrifuged for 20 min. The precipitate
protein was dissolved in water and the pH was adjusted to 7. The sample was then
[reeze—dried.

Protein determination

Crude protein (NX6.25) of bean flour, protein concentrate and protein isolate were
determined in duplicate with micro — Kjeldahl method AACC [10]. Solubilized protein
was determined by Lowry et al. [11].

Protein solubility

Protein solubility was performed according to the method described by Sathe [12].
Bean flour, protein concentrate and protein isolate were dissolved in 0.1 N NaOH (1:10
wt/vol) and stirred for 30 min. The extract was centrifuged at 12600 g for 20 min and
supernatant was diluted with 9-volume water. The pH of aliquots (20 ml) was adjusted to
the desired value with IN HCI or IN NaOH. The suspensions were centrifuged at 12600
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g for 15 min. Analysis was performed in duplicate and the means were reported.

Water and oil absorption
For oil and water absorption determination, the method of Beuchat [13] was
followed. Duplicate samples of 1 g were individually weighed into a 25 ml centrifuge

tube, mixed with 10 ml water or oil for 30 sec. The samples were then allowed to stand at

room temperature for 30 min, centrifuged at 5000Xg for 30 min, and the volume of
supernatant noted in a 10 ml graduated measuring cylinder. Results are expressed as
aram of corn oil or water absorbed per gram of samples.

Emulsion capacity and stability

The emulsion capacity and stability of the samples were determined by method of
Yasumatsu et al [14]. Duplicates of each sample were homogenized with 50 ml of water
for 30 sec. A polytron homogenizer was used at 10,000 r/min. Pure corn oil (25 ml) was
added to each sample and homogenized for 90 sec. The emulsion obtained was divided
cvenly in four centrifuges, then centrifuged at 1100Xg for 5 min. The emulsion activity
was determined by dividing the volume of emulsified layer by the volume emulsion
before centrifugation and expressing the result as a percentage of the added oil. Emulsion
stability was determined by method of Naczk er al. [15], using the material prepared for
measurement of emulsifying activity. The mixture was heated at 85 ¢ for I5 min and
cooled. After cooling to room temperature, the mixture was centrifuged as described
above. Emulsion stability was expressed as the percentage emulsifying activity remaining
after the heating.

Foaming capacity and foam stability

Foaming capacity and stability was determined as described by Lin et al [16].
Duplicate samples of the bean flour, protein concentrate and protein isolated were used
individually to prepare (3%) (w/v) solution in distilled water using low speed mixing for
30 sec and high speed whipping for 6 min in electric blender. The mixture was then
transferred immediately into a 250 ml measuring cylinder and the foam volume was
recorded. Foam capacity was expressed as percentage of the original volume of the
liquid. Foam stability was expressed as the volume of the foam remaining after a 0.5, 10,
20, 40. 60 and 120 min.

Results and Discussion

Protein solubility

The results on protein solubility profile of Dolichos lablab bean flour, protein
concentrate and protein isolate are shown in Fig 1. The samples exhibited lowest protein
solubility at pH 4, indicating the acidic nature of the proteins. The protein’s solubility
increased below pH 3 and above pH 6. Alkaline pH was more effective in solublizing
proteins than acidic pH. Protein isolate showed lowest protein profile, minimum
solubility (3.2%) among the three at pH 4.0. In contrast at pH below 3 and above 6, the
protein isolate was markedly more soluble than bean flour and the protein concentrate.
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Fig. 1. Solubility profile of the flour, protein concentrate and protein isolate of lablab proteins.
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Similar protein solubility profile was observed on the flour, protein concentrate and
protein isolate of different types of legumes. Narayana and Rao [17] and Sathe et al [18]
independently reported that winged bean flour and protein concentrate had low protein
solubility at pH 4.0. Sosulski and McCurdy [19] showed also that field pea and faba bean
flour, protein fraction and protein isolate had minimum protein solubility at pH 4 10 5.0
and highly soluble below and above this pH. Such pattern were also reported on lupin
flour and concentrate [20, 21] and tepary bean flour [22]. This result was similar to those
reported on Dolichgs lablab protein concentrate from Chinese varicty [23]. Because of
their high solubility, the bean flour and protein isolate could be used in food system
where this advantage is needed.

Oil and water absorption

The water and oil absorption capacity of Dolichos lablab bean protein is shown in
Table.1. The protein isolate showed lower water absorption capacity than the bean flour
and protein isolate. Similar trends were observed for great northern bean. Al-ban and
winged bean [17;24;25]. The value reported here for bean flour was in agreement with
data reported for the great northern bean flour [24], and Lupin flour [21] but higher than
those reported for faba bean, field bean and tepary bean flour [19: 22]. The oil
absorption for the bean flour, protein concentrate and protein isolate were 1.54 + 0.06,
2.03 + 0.03 and 3.38 £ 0.06 glg respectively. The oil absorption by bean flour in the
present investigation was comparable to that of winged bean flour [17] and great
northern bean flour [24]. The protein isolate showed higher oil absorption than bean
flour and protein concentrate, suggesting that this fraction have more hydrophobic
residues exposed which can bind to the hydrocarbon side chain of the oil. The protein
isolate was found to be an excellent fat binder indicating that it may be used as meat
binder or in bakery.

Table 1. Protein concentration, water and oil absorption capacity of Dolichos lablab proteins

Sample Protein content % Water absorbed g/g Oil absorbed g/g
Bean flour 2.7£0.18 1.56 £0.09 1.54+0.05
Protein concentrate 28.17+0.9 1.70 £ 0.04 1.60 +0.02
Protein isolate 82+0.18 1.24 + 0.06 3.38 = 0.00

Emulsion properties

The emulsion capacity and emulsion stability of the Dolichos lablab bean flour,
protein concentrates and protein isolates are presented in Table 2. The differences
between samples in oil emulsification were not great. Similar characteristics were noticed
on soybean. faba bean and field pea flour, protein concentrate and protein isolate [ 19].
The emulsifying capacity of bean flour and protein isolate were in agreement with those
reported for winged bean flour, protein isolate and soy bean isolate [26] but was lower
than those for great northern bean [24], field bean, faba bean flour and protein isolate
[19]. As noted by Crenwelge et al [27] the comparison of emulsion of various materials
is difficult and difference in the results may occur because of protein source, protein
concentration and procedure used. Emulsion stability data of the Dolichos lablab proteins
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showed that the emulsions formed were fairly stable, since 97.8 t0 99% of emulsifying
activity were retained after heating at 80°C for 15 min. Similar results were reported for
Dolichos lablab and soy bean concentrate [23]. The high emulsion stability of the
Dolichos lablab proteins may be due to the globular nature of the major protein of the
bean protein [21]. They may be of use in meat, ice cream and baking mixture, where the
emulsion stability is desired.

Table 2. Emulsion capacity and stability and foaming capacity of Dolichos lablab proteins

Sample Emulsion capacity g oil / g sample Emulsion stability = Foaming capacity
Te Jo
Bean tlour 12.63 +0.66 98 72+ 1.0
Protein concentrate 12.10 £0.53 97.8 305+0.5
Protein isolate 13.25 £0.50 99 110 £0.0

Foaming capacity and stability

Foam capacity and stability are important in food preparation such as bakery and
dairy products. As shown in Table 3, the protein isolate indicated the highest foaming
capacity compared to the bean flour and protein concentrate. Foaming capacity of both
protein isolate and bean flour was higher than those reported for great northern bean [24]
and field pea, faba bean and soy bean flour and isolate [19]. The Dolichos lablab protein
concentrate showed similar foaming capacity to that of winged bean protein concentrate
[18]. but were lower than those reported for protein concentrate from great nothern bean
[24]. Foaming stability was determined by measuring the decrease of foam as function of
time. As shown in Table 3, foams from protein concentrate was more stable than those
obtained from protein isolate and the flour. The protein isolate showed high foaming
capacity but lower foam stability. The foam stability of the bean flour was higher than
those reported for field pea bean and faba bean flour [19], but has lower foaming stability
than winged bean flour and lupin flour [21; 26]. The foaming stability of the protein
isolate was lower than that reported for soybean isolate and field pea isolate but higher
than of taba bean isolate [19]. These differences may be due to the difference in protein
nature or protein concentration used.

In conclusion, the present study reveals that Dolichos lablab proteins, had good
functional properties. Protein isolate showed high protein solubility at acid and alkaline
pH ranges and a low solubility at pH 4.0. The protein isolate also exhibited excellent oil
absorption but poor water absorption, indicating its potential use in bakery or as meat
binder. The Dolichos lablab proteins exhibited high emulsion stability but fair emulsion
capacities. The foaming capacity was particularly high in protein isolate in comparison to
the flour and protein isolate. The protein isolate showed promising functional properties;
these require further studies on their potential use as food ingredient.
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Table 3. Foam stability of suspension of Dolichos lablab proteins at different times of standing

Time (min) Bean flour Protein concentrate Protein isolate
0.5 720« 1 30.5+0.5 110 +0.0
R 62+0 28.5+0.5 83.5+0.5
10 600 28.0 + 0.0 81.5+1.5
20 585+0.5 27.5+0.5 725 +0.5
30 57.8+0.5 27.0+0.0 72.0+0.5
60) 56 +7.00 26.5+0.5 65.5+0.5
90 51.0+£1.0 25.0+0.0 50.0 +0.00
120 49.0+0.0 25 +0.0 10.0 0.0

Acknowledgement. This research has been supported by Agriculture Research Center.

v 1o —

[+

[6]
(71
[3]
(9]
[10]

(1]

[13]
[14]
[15]
[16]

L17]

References

Duke. J.A. Handbook of Legumes of World Economic Importance. London: Plenum Press. 1983
Purscglove. J.W. Tropical Crops: Dicotyledons. London: Longman. 1968.

Rashed. M.N. “Trace Element Determination in Warm-climate Plant by Atomic Absorption
Spectroscopy and Iron Selective Electrode™. J. Arid Environ, 43 (1995), 463-478.

Laurena. A.C.. Revilleza, M.J.R. and Mendoza, E.M.T. “Polyphenols, Phytate, Cyanogenic Glycosides,
and Trypsin Inhibitor Activity of Several Philippine Indigenous Food Legume’™. J. Food Comp. Anal.,
7(1994), 194-102.

Devaraj, V.R. and Manjunth, N.H. “Effect of Cooking on Proteinase Inhibitor of Dolichos lablab Bean
[Dolichos lablab Perpareusl)”. Plant Foods Hum-Nutr., 48(1995).107-112.

Ahmed. A.H.R. and Nour, A.A.*Protein Quality of Common Sudanese Leguminous Sced™. Labensm
Wiss U. Technol.. 23(1990), 301-304.

Gareia, E.. [smartoyo, Slocombe, R.F., Dixon, R.M. and Holemes, J.H. "Nutritive Valuc of Dolichos
lablab Purpureus Grain for Sheep and Goats”. Proc. Aust. Soc. Anim. Prod.. 18(1990).478-481.
Abdel-Magid. H.M. “Evaluation for Forage and Nitrogen-Supplying Potential of Hycinth Bean in Saudi
Arabai™. J. Arid. Environ., 23(1992),225-228.

Mattil. K.F. “The Functional Requirements of Proteins for Foods™. J. Am.Qil  Chen. Soc..
48(1971),447-451.

AACC. Approved Methods of the American Association of Cereal Chemists. $th ed. St Paul. m.:
American Association of Cereal Chemists, 1983.

Lowry. O.H.. Rosebrough, N.J., Farr. A.L. and Randoll, R. “Protein Measurement with Folin Phenol
Reagent™. J. Biol. Chem., 193(1995),265-275.

Sathe. S.K. “Solubilization and Electrophonetic Characterization of Cashew Nut (Anacardium
occidentale) Protein”. Food Chem., 51(1994),319-324.

Beuchat. L.R. “Functional and Electrophonetic Characteristics of Succinylate Peanut Flour Protein™. J.
Agric. Food Chem., 25(1977), 258-264.

Yasumatsu. K.. Swada, K., Moritaka, S.. Misaki, M., Toda. J., Wada. T. and Ishi. K. “Whipping and
Emulsifying Properties of Soybean Products™. Agric. Bio. Chem., 36(1972),719-727.

Naczk, M.. Diosady, L.L. and Rubin, LJ. “Functional Properties of Canola Meal Produced by Two
Phase Solvent Extraction System”. J. Food Sci., 50(1985),1685-1688.

Lin. M.JY.. Humbert. E.S. and Sosulski, F.W. “Certain Functional Propertics of Sunflower Seed
Proteins”. J. Food Sci., 39(1974),368-370.

Narayana, K. and Rao, M.S. “Functional Properties of Raw and Heat Processed Winged Bean Flour”. J.
Food Sci., 47(1982),1534-1538.



Abdullah A. Al-Othman

Sathe, S.K., Despheande, S.S. and Salunkhe, D.K. “Functional Properties of Winged Bean
| Psophocarpus tetraganolabus (L.) DC] Protein”. J. Food Sci., 47(1982),503-509.

Sosulski, F.W. and McCurdy, A.R. “Functionality of Flours Protein Fractions and Isolate from Field
Press and Faba Bean”. J. Food Sci., 52(1987),1010-1014.

Ruiz, L.P.. Jri and Hove. E.L. "Conditions Affecting Production of a Protein Isolate from Lupin Seed
Kernals™. J. Food Agric.. 27(1976), 667-671.

Sathe. S.K.. Deshpande. S.S. and Salunkhe, D.K. “Functional Properties of Lupin Seed (Lupinus
mutabilis) Proteins and Protein Concentrates™. J. Food Sci., 47(1982).491-497.

Idouraine, A.. Yensen. S.B. and Weber, C.W. “Tepary Bean Flour, Albumin and Globulin Fraction
Functional Properties Compared with Soy Protein Isolate™. J. Food Sci., 56(1991).1316-1318.

Chau, C.F.. Cheung, P.C.K. and Wong, Y.S.“Functional Properties of Protein Concentrate from the
Chinese Indigenous Legumes Seed™. J. Agric. Food Chem., 45(1997). 2500-2503.

Sathe. S.K. and Salunkle, D.K. “Functional Properties of the Great Northern Bean (Phaseolus vulgaris
L.) Proteins: Emulsion, Foaming, Viscosity and Gelation Properties™. J. Food Sci., 46(1981).71-74.
Al-Kahtani. H.A. and Abou-Arab, A.A. “Comparison of Physical, Chemical. and Functional Properties
of Moringa pergerina (Al-Yassar or Al-Ban) and Soybean Protein”. Cereal Chem.. 70(1993),619-626.
Onuma Okezie. B.and Bello, A.B. “Physicochemical and Functional Properties of Winged Bean Flour
and Isolate Compared to Soy Isolate™. J. Food Sci., 53(1988),450-454.

Grenwelge. D.D., Dill, C.W., Tybor. P.T. and Landimonn, W.A. "A Comparison of the Emulsification
Capacities of Some Protein Concentrate”. .. Food Sci.. 39(1974),175-180.



Functional Properties of Flour, Protein...........

63

U gl Sy g s A S My G s sl
C“f‘&“ 8y T 3y u}g\ bl g

RIVERTINE RTINS TS

3 pne LU Grslo gl LS Dl @-Laj’//,)zc/,ﬁg

opmad iy N ASLdl ¢ )1 £ ) SN FET

(Vv ev Ay el eevey./y/

o

S 2

R )

e N O W a U s dnn Wy ol plamal dan gy s a5l sd i anl il sl 36 1 e

5 !

r._“ -

el Y AN s o e oL RS :
‘.ML_*L:_VL__S\:)JJ\;,L:JJAI; J\JL}-U\E_'LJw.G:er\J\c).LJJ)‘zA|

<

EPPAAVEN A P

S s el DL gs Al d s e GV ey Jpadl g O s ST (pH 4.0) € e s A

Pa

B ] g ) o Ak doaall o Of L Fld o bl e

6 Y Sl Bl

PN TV Ve BN H

£

e J’-"(‘) 5

[

2l Nt i U st 2S00 L el s O S Ly it o bl
s N (ES VR I-P SO V-N @Iw\l 5 VL._.J.; Ob A=Y v""‘\f" fw\;_ - Tp\:

.. Gra o <l e e e e s . &y - - A N T (RN S P (R
Gl AL s S5 N SO e e e Wl A e a1 O il

Ll S wlan » S G e il i &) o s o8 N1 alat s Jpadlh e O s

ot a
T

]

<

ool

A 23l s @ Gl
Al S Al



