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Determination of physical properties

MATERIALS AND METHODS

Clean and healthy seeds of pigeon pea,
Cajanus cajan L. cv. UTA 8860 were collected
from the International Institute of Tropical
Agriculture, Ibadan, Nigeria. '

Physical properties of seeds were studied in
accordance with the procedures of Attia et aI.,
(1994). Weight of randomly sampled 100 seeds
was taken/and the volume was measured by
absolute displacement using distilled water .

· Apparent density of the seeds was calculated
by dividing y.;eight of seeds by their volume ..

, Percentage i see'd coat. was calculated by
· manually decort'icating 100 seeds. Hydration
i coetficientand sw~lling coefficient .were
i determined by soaking 50 g of seeds in 150 ml

assist in predicting useful applications of the
· seed nour in prepared foods .

INTRODUCTION
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··ABSTRACT

. In recent times, nutrition research has focused
,attention on bridging the gap between the
population growth' and protein supply in
Nigeria. ReSearch efforts have been on the
introduction! of cheaper and affordable
vegetable protein sources in the diets ofthe less
privileged and low-income group. In this
regar~, nutritlonal quality potentia~ of the
under-e,xploited seeds of Cajanus cajan L. has

.been reported (Oloyo, 2002; 2004). This
therefore, adds to the list of food legumes such
as Vigna unguiculata and Glycine max that
have been earlier targeted in the campaign for
increased consumption to prevent incidence of

.protein malnutrition among the populace.
,However, acceptability ofCajanus cajan seeds
as ingredients in prepared foods requires a
knowledge o~ its· physical and functional
properties. The' present study reports on the
intrinsic physico-chemical properties of
Cajanus cajan seeds. The information will
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. ,'.·Studieson the intrinsic physico-chetnica~ properties of pigeon pea (Cajanus cajan
",~~)seed flour
_ -1",?'~~L'

.•~Intritlsic pbysico~cbemical properties of pigeon pea (Cajanus cajan L cv. IITA 8860) s~ed flour
c '(were investigated .. The resu.lts ind~cated that although pigeon pea seed weight, volume and

/density were in the range reported for 'some [commonly consumed seed legumes, ~he seed
,"exhibited lower hydration and swellirtg coefti~ients. The seed flour was a good gel-forming
agent; more hydrophobic but less lipophilic in 'nature; and it had poor foaming qualitie~ an~
'poor emulsion stability. Furthermore', its protein showed least solubility at pH 4.0 .
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distilled water for 16 h, while noting the weight
and the volume of soaked seeds at intervals of 4
h. Hydration coefticientwas calculated as the
percentage increase in weight of seeds, while
swelling coefficient was calculated as the
percentage increase in volume of seeds.

Determination oHunctional properties

A bulk of the seeds were oven-dried at 60QC for

24 h, milled in a Wiley mill to pass through a 40
mm mesh sieve, and then stored in air-:tight
container for subsequentchemical analyses.

a. Least gelation concentration .

Least gelation concentration was determin~d
following the procedure of Coffmanar:td
Garcia (1977). Suspensions ofthe milled seed
samples, i.e., 2, 4, 6, 8,10, 12, 14 and 16%
(w/v) were prep~red in 10 ml distillyd water in
test tubes. The test tubes containing these
suspensions were heated in a boiiing wate'r bath
for 60 min. af~er which they were '....rapidly
cooled to 4bC tinder running cold hip 'water.
Cooling at this temperature continued for
another 2 h. The minimum concentration of

the sample which did not drip or slip from
inverted tubes determined the least gelation
concentration.

b.Water and oil absorption properties

Water and oil absorption capacities were
determined by the method of Sathe et
al.,(1982). A 0.5 g milled seed sample was
added to each of 5 ml distilled water and 5 ml
oil (AVOP vegetable oil) in separate 10 ml
graduated centrifuge tubes. The mixtures were
stirred with glass rods to'disperse·the samples
in both solvents. After standing for 30 min at
room temperature, (29':'30°C), the mixtures
were centrifuged (5000 x g, 30 min). Volurpes

of both supernatants were·rioted" and then
~xcess water or oil absorbed was expressed as
the percentage water or oil bound by 100 g
sample. Densities of water and oil used were 1

;glml andO.88 glml, respectively.

:c.Emulsion properties

!Emulsions were prepared according to the
imethod of Sathe and Salunkhe (1981). Milled
jseed sample (1 g) was blended in a
iKENWOOD blender with 50 ml distilled water
~for30 s at high speed. Vegetable oil (AVOP)

, \was added continuously from a burette at the
:rate of 5 mllmin while blending continued. Oil
~ddition was stopped when the natm:e of
~mulsion changed, as marked by decreased
pomogeneity. The emulsion so prepared was
then used to study emulsion capacity and
stability. A portion of the emulsion was
centrifuged (35000 x g) until the volume of oil
separated from the emulsion was constant in
order to determine emulsion capacity. Another
portion of the emulsion was allowed to stand in
a graduated cylinder for 0, 0.5, 1,2,3,4,5,6
and 24 h at room temperature while noting the
~olume of water separated. Emulsion capacity
and stability were calculated using the
following equations.

r; I' , /U.%: I Height a/emulsified laver 100~rnu sian capacity I/U/ = . x
Height a/whole layer

£m~llsiol1stability (%) "" Height 0/ the remaining emulsified layer x 100
Height a/whole emulsified layer

d.Foaming properties

Foaming capacity and stability were
d~termined according to the method reported
by Coffman and Garcia (1977). A sample of
2.0 g seed flour was whipped with 100 ml
distilled water for 5 min in a KENWOOD
Blender at speed setting "Max" and then



Mean";' "±SD

10.57

1.029
9.01

' 1.006
1.17

0.003
8.88

1.376

39.83c.*

2.289
70.83b

3.289
91.00a

4.068

91.00a
5.300

:unguiculata, and was about twice that of Gicer
!(leritinum (Kay, I979;.Attia et al.,1994). 'The
iseeds of Cdjanus cajan and Cicer arietinum
had similar apparent densities. qqer arietinum
~eeds had higher hydration and' swelling
coefficients thari those 'of Cajanus cajan (Attia
~t ai.·,199~\ :Compared to Gicer aeritinum,
lower values:' of hydra~ion' ~nd swelling
boeffiCienfs ''Qbserved in Cafimus cajan might
be due to its "higher percerit seed coat more so
that seed coat acts as a barrier for water

~igration iIlts>seeds (~olston, 1978). Results
in Table 1 showed that rates of hydration and
swetling of Cajanus cajan seeds were rapid
~ithin 8 h of soaking and approached zero after
12h.

: Table 2 shows the functional properties. of
C;ajqnus caja,n seed flour. The least gelation
concentration exhibited by Cajanus cajan seed
f10ur was less than that shown by Lupinus

; Swellingcoefficient(%)at:
4h 68.74f 3.215
8 h 81.27s 4.646

, 12 h 112.50r 6.872
I 16h 112.50r 5.139

, +Mean values denoted by difftirent subscripts, r-t within
the column for a parameter differ significantly at

; P(0.05)~ .'
l * Mean values' denoted by different subscripts, a-c
'within the column for a parameter differ significantly at

. ;P(O.OS).

I. Table kPhysical properties of pigeon pea seeds

RESULTS AND DISCUSSION

'Protein solubility profile was determined in the
'pH 2 to 12 for the sample at room temperature

c' (29-30oq by the method of Narayana and
.<Narasinga Rao· (1982). ,AO.2 g of milled

.. sample and 20 ml distilled water were shaken
/;:for 2 h at room temperature. The pH of resultant

slurries was adjusted to values ranging from 2
.. to 12 using either 0.1 M Hel or 0.1 M NaOH.
~T Insoluble materials were removed by

centrifugation (3500 x g,; 30 min) arid the
supernatant was digested for subsequent total

'n~trogendetermination by {he micro Kjeldahl
~·procedure. Percentage nitrogen was converted

to crude protein:bymultiplying %N by 6.25.All
detelminationswere done in three replications,
and all data obtained in the study were
subjected to. statistical analysis using the

..Statistical Package for Social Sciences (SPSS
Inc. 1998) on a COMPAQ personal computer.

The physical properties shown in Table 1
indicated that seed weight and volume of
.Cajanus cajan were similar to those reported

.':'.>for Glycine max and Vigna unguiculata (Kay,
. 1979), but less than those of Gicer arietinum
and Phaseolus lunatus (Kay, 1979; Attia et ai.,
1'994) and higher than. those of lentil (Kay,
1979). The seed coat (as percent of the whole

, . seed) of Cajanuscajan was similar to that of
Phaseolus lunatus, but lower than that of Vigna

poured into a 250 ml graduated mea~~rihg
';·ocYlinder.The total volume at time'iI1terVal~.of [Parameter ...

OW; 0.25, 0.5, 1.0, 1.5, 2:0, 3.0 and 4h"was I" ... . " . .---------- ..--..--
..• ' noted. Percent volume increase was calculated ! 100 seed weight (g)

.' , . 100 seed volume(cm')
. according to the following equation. ; Apparent~'eed density (g/cm')
.... . .. . Seedcoat(%)
. '. VolumeafierwhippinJ( (/Ill) x V()""l1e.h~!()re.lFllIP'pIIIJ((ml) 100 I . .
,Vo/umelllcrea.,e (%) ~ .... c_ .. _. · .... V~/um~bejfl-,.eIF/lipping (ml) x

.. Hydration coefficient (%) at:
4h

:8h
. 12 h

16 h
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Figure I.Effect of keeping time on emulsion
stability of pigeon pea seed flour

1979).
Data an ail absarptian af Cajanus cajan seed

flaur (Table 2) shawed that it absarbed less ail
thal1water, thus suggesting the seed's pratein is
less lipophilic. While it absorbed mare ail than
say bean flour, sunflawer seed flaur, lupin seed

flaur, w~e'atflaur and full-fat fluted pumpkin, it
absarbe<:i 'less than isalated pratein
cancentrates from say bean, lupin seed, great

I narthern.seed, sunflawer seeds (Lin et aJ.,

1974.~Satlie et al., 1982, Giami and Bekebain,
1992;J",.{·'i· .

EI).1ulsfon~capacity af Cajanuscajan seed
flourshpwnin Table.2 was in the range reparted
far fun~fat:fl:ute.d pl,lmpkin seed flaur, wheat

, f19ur,..?~ilfibeC!nseed flaur, and pratein
, can9~J}ti~1.~~\;;.aI,ldisalates from saybean and

suntlowen;/;seeds. On, the ather hand, the

e~ul~i~~:Gp~6ityfar the pigean pea flaur was
less<Jhan ,thase af lupin seed flaur and
sunt1Q;we'r~S~ed.(Linet al., 1974; Sathe el at.,
1982i)F(,lgb~miand Oshadi, 1991). Figure 1
depicts the emulsian stability afthe pigeon pea
flaUf/.,Jt revealed that the emulsian stabilized

i foronlY;-2'li.afterwhich water separatian began.
Thee111~J.s,i9n,PJake;dawn rapidly within 6 to.

24.h anst~ndingat29°C, and it was considered
paar. fIQw~ver;the medium ernul sian capacity
af thepigeairpea flour may be useful far faod
applicatioQsespecially serving as a replacement

±SD

0,592
12.098
9.162
1.827
I.Q21

2.010

MeanParameter

Least gelation concentration (%)' 8.00
Water absorption ¢apacity (%) 409.00
Oil absorption capacity (%) 251.00
Foamingcapacity(%) 9.81
Emulsion capacity (%) 20.93
Emulsion stability (%) 42,50

Table 2. Functional properties of pigeon pea seed
flour

mutabilis. seed and Phaseolus", vulgaris' seed
flaur (Sathe et al., 1982). The result..thus
tended to. suggest that Cajanus cajan see,fflaur
is a better gel-forming agent 'and the. gel
produced fram the flaur is relativelydirmer.
Differences in the gellingpraperties afle'gume
flaur have been ascribed to the rehitive rati(js'of

different canstituents (i.e. prateins,
carbahydrates and lipids) and that interactians
between such campanents have a significant
role in the functianal properties (Sathe ei al.,
1982). Indeed, Cajemus cajan, Lupinus
mutabilis and Phaseolusvulgaris seed flaur
differ .in their chemical campasitian (Kay,
'1979; Sathe and Salunkhe, 1981; Sathe et aI.,
1982; Olaya, 2002) and this might have
accaunted for the differences in the least

gelatian canc¢ntratians.
Waterabsarption by theCajanus cajan seed

flaur was higher than thase reparted far
sunflawer s~ed, Glycine max, Lupinus
mutabilis seed and Phaseolus vulgaris seed
flaur (Sathe et, al., 1982), an indicatian that the
Cajanus cajan seed flaur is mare hydraphabicJ. , . . ~

in nature (Lin; et a{., J974). The higher water
absarptian far the. Caja~us cajan seed flqur

might be dU9"taits'lo'Y,'fat c()ntent and the
predaminan~~ af pplat 'amino. acids in its
protein struc(ur~ (Kay~ 1979). While palar
amino. 'acids h?vJ'sh9wnta be the primary sites
far Water absarptian," fat creates ~ipaphilic
environm~nt that blacks the water bidding sites
an the proteins (Kuntz, 1971; Chau and Marc,

:'1
"

!

'.j



CONCLUSION
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Figure 3. Effect of pH on pigeon pea seed protein

solubility

~ 70
fij 60

~ 50·:>

~ 40
.g, 30
.s 20

:§ 10
£.. 0

o

was pij dependent. Least ~oIubility was at pH

~'.Oand 'it increased w~th tl}e iqcre~~e, of nB.
The result is sugge~tive that the isoel~CtHc pH
of pigeon pea seed flout proteiftisabblit pH 4.
The trend in protein solubility 6bservep in the
present study agreed with thesolubilityprofiles

From the foregoing, it may be concluded that
although Cajanus cajan L cv. UTA 8860 seed
weight, volume and density were within the
range reported for some commonly consumed
seed legumes, the seeds exhibited lower
hydration and swelling coefficients. The seed
flour was a good gel-forming agent; more
hydrophobic but less lipophilic in nature and it
had poor foaming qualities and poor emulsion
stability. Furthermore, its protein showed least
solubility at pH 4.0.

oflupin seed flour (Sathe et at., 1982), and full
fat fluted pumpkin seed flour (Fagbemi and
Oshodi, 1991; Giami and Bekebain, 1992)
where minimum solubility was recorded at pH
4.0. Also, Ruizand Hove (1976) and Narayana
and Narasinga Rao (1982) observed isoelectric
pH of 4.5 for dehulled lupin seed proteins and
winged bean flour, respectively.

7i'op1~tdd\9t'icllIirurRI,;fereRrcb ;sr-exteIJSiOIJ8, 2005I
:.,,

25 50 75 100 125 150 .
lirre (nin)

Figure 2. Foaming stability of pigeon pea seed flour
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for wheat and soybean flour asrrleat'aci9itive,
'. ,~-meat extender, :binder fohnulationn'iuldln

!€\stabilizing colloidal food system (Fag'b&fniand
'Oshodi, 1991).

Foaming capacity of pigeon pea seed 110ur
(Table 2) compared with that reported for full-

'fat fluted pumpkin seed flour (Fagbemi and
Oshodi, 1991) but it was lower than those of
soybean seed flour, sunflower seed flour (Lin
et a!.. 1974) and lupin seed flour (Sathe et aI.,

'. 1982). The foaming stability of pigeon pea
seed flour depicted in Figure 2 indicated that it
was pooras it collapsed within 1 h of standing
at 29"'C. Foaming characteristics of flour and
protein isolates or. concentrates had been
associated with the concentration of protein,

' .. ; fat and carbohydrate in the substrates .. While
, protein causes an increase in foaming capacity

and stability, the reverse was true for fat and
carbohydrates (Richert, '1979; Sathe and
Salunl,he, 1981; Sathe et al., 1982). The poor
foaming capacity and stability of the pigeon
pea flour, therefore, may be attributed to the
lower protein and higher carbohydrate
contents ofthe seed flour, compared to those of
soybean, sunflower and lupin seeds flour (Lin
et a!., 1974; Kay, 1979; Sathe et al., 1982;
Oloyo,2002Y· .

Profile shown in Figure 3 indicated that
solubility of the pigeon pea seed flour protein

I

I
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