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The functional properties of flours and protein isolates from the legumes Phaseolus lunatus and
Canavalia ensiformis were evaluated to determine their potential practical applications. The respective
protein isolates were obtained from the flours by using isoelectric precipitation, with a protein content
of 71.13% for the P. lunatus isolate (PPI) and 73.75% for the C. ensiformis isolate (CPI). Nitrogen
solubility was good in both acid and alkaline pHs for isolates and Canavalia flour (CF), with values
as high as 80%, but not for the Phaseolus flour (PF). The flours and protein isolates had good water-
holding capacities, with values between 2.65 and 3.80 g/g sample. Oil-holding capacity was highest
in PPl (4.59 g/g sample) and CF (3.15 g/g sample). Under alkaline pH, the PPl foaming capacity
(147%) was higher than those for CPI and CF, though the flours produced greater foam. Emulsifying
activities for the PF, CF, PPI, and CPI were similar (46.78—53.84%) for pH range 6—10. Emulsion
stability (ES) was superior in the CF and the CPI, where values reached 100% at pH 7 and 8. Apparent
viscosity was pH-dependent.
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INTRODUCTION emulsification, foam formation, viscosity, improvement of
. : : appearance, texture, and water-holding and oil-holding capaci-
Animal proteins, such as meat, milk, and eggs, are generally . . . o .

P 99 g ytles. On the basis of these properties, the specific protein selected

expensive and relatively difficult to acquire, which has led to a b din rtain food will depend on its required function
worldwide increase in research into vegetable protein sources. 0 D€ Us€ a certain foo epend on Its required funclio

Because of their very high protein content, legumes have formed'" the final product (3). ) L
an important part of this search for cheaper, alternative protein N @n effort to understand the potential applicationsPof
sources. With the improvement of the functional properties of lunatusandC. ensiformistwo legumes common to the Yucatan
legume flours and protein isolates through processing, thesePeninsula, a study was done of the physicochemical character-
vegetable proteins can be used in manufactured foods andstics and functional properties of flours and protein isolates
texturized products for human consumption (1). derived from them.

Like many tropical regions, the Yucatan Peninsula, Mexico,
supports a wide variety of legumes, among thBhmseolus MATERIALS AND METHODS

Iunatus_and Can_az/alla ensiformisBoth these Iegumg Species Seeds and ChemicalBaby lima beanRhaseolus lunatusgnd jack
have high protein content® (lunatus, 26% ang@. ensiformis, bean (Canavalia ensiformis) seeds were obtained from the February
29%) (2, 3). Protein isolates obtained from them through 1998 harvest in the state of Campeche, Mexico. All chemicals used
isoelectric precipitation have approximately 72% protein content, in the experiments were reagent grade, and were purchased from
which makes them excellent potential protein sources for food J. T. Baker (Phillipsburg, NJ).

industry applications (4). This potential usefulness, however,  Flours. To produce flours, 10 kg of seeds from each legume species
will also depend on their functional properties, which affect the were used. Impurities and damaged seeds were removed from the
sensory characteristics of food and play an important role in samples, and the whole, sound seeds were then milled in a Mykros

tion, processing, and storage. Functional properties include Protein Isolates. A modified process (6) was used to recover the
protein isolates. A flour/water (1:6 w/v) dispersion was prepared, and
its pH was adjusted to 11 with NaOH 1 N. After soaking for 1 h, the
* To whom correspondence should be addressed. Ph66&:99 46 09

81 and+46 09 89. Fax-+52 99 46 09 94. E-mall: cguerrer@tunku.uady.mx, SUSPension was milied in a disk mill and passed through 80- and 100-
t Universidad Auténoma de Yucata mesh screens to separate the fiber-containing solid fraction from the

* Escuela Nacional de Ciencias Biologicas-IPN. liquid fraction, which contains the protein and starch. The residual solids
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Table 1. Chemical Composition of P. lunatus and C. ensiformis Flours and Protein Isolates?

component PF PPI CF CPI
moisture 14.88 £ 0.60 7.87£0.46 11.56 £ 0.12 8.71+0.03
ash 340+0.29 2.82+0.10 2.79+0.37 416 +0.06
protein (N x 6.25) 24.07 £0.61 71.13+0.92 26.86 0.1 73.75%0.3
crude fat 3.77+0.36 0.677+£0.20 1.67£0.01 5.12+0.01
crude fiber 510+0.49 0.20+0.09 13.67 £ 0.55 0.273+0.2
nitrogen-free extract 63.66 + 0.57 25.12 +0.47 55.01+0.36 17.36 £ 0.65

aPF, P. lunatus flour; PPI, P. lunatus protein isolate; CF, C. ensiformis flour; CPI, C. ensiformis protein isolate; percent dry basis.

were washed 5 times, using a 1:3 solid to distilled water ratio and passedvolume of the entire layer in the centrifuge tube. To determine the
through 150-mesh screen to eliminate the finest fiber; the wash water emulsion stability, the prepared emulsions were heated &E8§6r 30
was then mixed with the supernatants from the initial suspension, and min, cooled at room temperature, and centrifuged at 2605 min.

they were allowed to sediment for 30 min to recover the starch and
separate the solubilized protein. The pH of the solubilized proteins was
adjusted with HCI 1 N to their isoelectric points, which were 4.5 for
P. lunatus and 4.9 for C. ensiformis. The suspension was then
centrifuged at 131gfor 12 min, using a Mistral 3000i (Curtin Matheson

Emulsion stability was expressed as percentage of the remaining
emulsified layer volume of the original emulsion volume (9).
Viscosity.Suspensions (10%, w/v) with pHs ranging from 2 to 10
were stirred for 30 min at 258C. Viscosity was measured using a
Brookfield LV viscosimeter (Brookfield Engineering Lab., Stoughton)

Sci.) centrifuge. The supernatants were discarded, and the precipitatesat 100 rpm, adapting spindle number 21, and the results expressed in

were freeze-dried at47 °C and 13x 1072 mbar.

Chemical Analysis. The nitrogen (method 954.01), fat (method
920.39), ash (method 923.03), crude fiber (method 962.09), and
moisture (method 925.09) contents of the flours and protein isolates
were determined according to official AOAC procedurgs Nitrogen

cP. The protein samples were then heated t¢®Pat a rate of 1.5
°C/min, and the viscosity was measured. Samples were then cooled to
25°C and the viscosity was measured again as mentioned ahoye (
Statistical Analysis.All determinations were done in triplicate, and
data were analyzed using a one-way variance analysis and Duncan’s

was determined with a Kjeltec System (Tecator, Sweden). Protein was multiple range test (11).

calculated as nitrogerx 6.25. Fat was obtained from a 4-h hexane
extraction. Ash was calculated from the weight remaining after heating
the sample at 550C for 2 h. Moisture measurement was determined
on the basis of sample weight loss after oven drying at"Clér 4 h.
Functional Properties. The functional properties of the flours and

RESULTS AND DISCUSSION

Chemical Composition.The moisture, ash, fat, protein, fiber,
and carbohydrates contents are shown in Table 1. Protein content

protein isolates were evaluated under the same conditions accordingyas 24.07% foiPhaseolus lunatufiour (PF) and 26.86% for

to the following methods.

Nitrogen Solubility This was determined using the method of Were
et al. @). Samples (125 mg) were dispersed in 25 mL of distilled water,
and the solution pH was adjusted to 2, 3, 4, 5, 6, 7, 8, 9, and 10 using
either 0.1 N NaOH or HCI. The dispersions were agitated for 30 min
at room temperature, and then centrifuged at 432030 min. Nitrogen
content in the supernatant was determined by the Kjeldahl method
(AOAC method 954.017). The percentage of soluble protein was
calculated as follows:

amount of nitrogen in the supernataxntloo

ili ) =
Solubility (%) amount of nitrogen in the sample

Water-Holding and Oil-Holding CapacityTo determine these
holding capacities, 1 g cfample was weighed and then stirred into 10
mL of distilled water or corn oil (Mazola, CPI International) for one
minute. These protein suspensions were then centrifuged ag2@00

Canavalia ensiformidlour (CF). Protein content was similar
for the two legumes, being above 70% in their protein isolates,
and moisture content was lower than 10% in both isolates. The
higher fat content of theC. ensiformisprotein isolate (CPI)
versus its flour (CF) may be due to lipids saponification, which
would have solubilized in the aqueous phase and been carried
into the protein precipitate. This saponification, however, is
probably dependent on fatty acids composition since other
legumes, such agigna unguiculata, exhibit the same behavior
in concentrate form, with 7% fat content, which is higher than
the corresponding flourl@). In contrast, fat content diminishes

in the P. lunatusprotein isolate (PPI).

The level of remaining nitrogen free extract (NFE) for the
PPI was higher (25.12%) than for the CPI (17.36%), whereas
for the flours it ranged from 55% for CF to near 64% for PF.
This parameter is quite variable in both legume species, with

30 min, and the volume of supernatants was measured. Water-holdingreported ranges from 46%3) to 60% @, 14) inC. ensiformis

capacity was expressed as g of water held per g of protein sample.

Oil-holding capacity was expressed as g of oil held per g of protein
sample. The density of the corn oil was 0.92 g/ndl). (
Foaming Capacity and Foam StabilityThese properties were

and from 55% 15) to 64% (6) in P. lunatusThese differences
are probably due to cultivation conditions, maturity of the grain,
and the species variety. These carbohydrates mainly consisted

evaluated over a pH range of 2 to 10. A 100-mL sample of 1.5% (w/v) Of starch, with only small quantities of other soluble carbo-
suspension was blended at low speed in a Waring blender (Osterizernydrates, totaling about 3% for whot@. ensiformig(17). The
10S-E) for 5 min, and the foam volume was recorded after 30 s. protein isolates maintained a certain amount of NFE because

Foaming capacity was expressed as the percentage increase in foarsome of the starch remains trapped in the protein matrix, a result

volume measured at 30 s. Foam stability was determined according toof the difficulty of separation by the procedures used in this

residual foam volume at 5, 30, and 120 min after blending. Both study (18).

properties were determined as a function of i ( Nitrogen Solubility. Nitrogen solubility for the CF, PPI,
Emulsifying Activity (EA) and Emulsion Stability (ESamples of and CPI was pH-dependent (Figure 1), whereas for PF it re-

100 mL of 2% (w/v) suspension adjusted to pHs ranging from 2 to 10 mained within a range between 5 and 20’%. Minimum solubility

were homogenized using a Caframo RZ-1 homogenizer at 2000 rpm . the isolat doH5. al | similar to that ted
for 2 min. Then, 100 mL of corn oil (Mazola, CPI International) was In the I1solales was around p » alevel simiiar to that reporte

added to each sample, and the mixture was homogenized for 1 min,for minimum solubility in the protein isolates d?haseolus
The emulsions were centrifuged in 15-mL graduated centrifuge tubes calcaratus(5%), Dolichos lablab(5.08%), andGlycine max
at 1200g for 5 min, and the emulsion volume was measured. (5.26%) @).Under neutral conditions, the PPI exhibited higher
Emulsifying activity was expressed as percentage of the emulsified layer solubility (37.05%) than did the CPI (28.51%). Except for the
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Figure 1. Effect of pH on the nitrogen solubility of P. lunatus and C. ensiformis flours and isolates.

Table 2. Water- and Oil-Holding Capacities of P. lunatus, C. (4.71 g/g),D. lablab (4.77 g/g), andP. angularis(4.38 g/g)
ensiformis, and Soybean Flour and Protein Isolates (9). This high oil-holding capacity can be attributed to the high
levels of nonpolar residues in the PPI protein molecules, which
water-holding oil-holding have been found to have a slightly lower polar amino acids
component (9/g sample) (¢/g sample) content (61.76 g/100 g) than CPI protein molecules (67.22 g/100
P. lunatus flour 265+01 183£03 ). Its degree of denaturation was also higher, as demonstrated
P. lunatus protein isolate 85000 45901 by the AH values: 3.34 J/g for PPI and 5.12 J/g for CPI
C. ensiformis flour 3.80+01 3.15+0.05 .
C. ensiformis protein isolate 250+0.0 27000 (unpublished data). ) . ) .
soybean flour2 1.75 0.56 The CF had the highest oil-holding capacity (3.15 g/g), and
soybean protein isolate® 3.46 3.06 PF had the lowest (1.83 g/g). These are similar to values reported
for common bean flour (2.1 g/g) and green Mung bean flour
“Ref 9. (2.2 g/g) 1), and well above those reported for cowpéa

unguiculata) flours (0.69 to 0.93 g/g24). These oil-holding

PF, all the preparations had good nitrogen solubility at both capacity values, especially the high value of the CF, make these
extremes of the pH range (acid and alkaline). A similar behavior flours potentially useful in structural interactions in food,
has been reportedl) for Adzuki bean and soybean protein especially in flavor retention, improvement of palatability, and
isolates, with different treatments (enzymatic and alkaline), in extension of shelf life in meat products through reduction of
which nitrogen solubility was 100% at pH ) and an moisture and fat loss.
equivalent value at pH 6 to 10 for Adzuki bean native protein  Fiber content in these flours is relatively small, and it does
recovered using dialysis was obtaind®). This makes the CF,  not significantly affect their water- and oil-holding capacities.
PPI, and CPI potentially useful in applications where high The fiber of PF had a value of 0.24 g of water/g and the fiber
solubility profiles are required to impart certain characteristics of CF had a value of 0.4 g of water/g, and both had values of
in food formulation (0). Possible uses include baby food, baked 0.2 g of oil/g £5). Starch also does not affect these functional
products, carbonated drinks, diet drinks, and desserts (20).  properties, because it is a neutral carbohydrate, and gelatinization

Water-Holding and Oil-Holding Capacities. Water-holding temperature is not reached (26, 27).
capacity was 2.65 g/g for PF, and 3.80 g/g for CF (Table 2). Foaming Capacity and Foam Stability.Foaming capacity
Similar values have been reporte?il] for the flours of the for PPI and CPI was pH-dependent (Figure 2), with the lowest
common beans: red (3.0 g/g), black (2.9 g/g), and white (2.9 values for PPl at pH 3 (22.5%) and 4 (34.5%), and for CPI at
0/g), as well as Mung bean (2.1 g/g). Thus, carbohydrate contentpH 5 (24%) and 6 (17.5%). This behavior was similar in both
was also a factor influencing the water-holding capacity of the protein isolates with an increase in foam formation at pH 2 and
flours (22). at alkaline pH values 810) once the isoelectric point (pl) of

Water-holding capacity was 3.5 g/g for PPl and 2.50 g/g for the proteins had been passed (pH5. The PPI had signifi-
CPI (Table 2). These values are lower than those reported bycantly higher (p< 0.05) foaming characteristics than the other
Chau et al. 9) for protein isolates fron®. calcaratug5.28 g/g), products, with values of 59% at acid pH (2) and 147% at
D. lablab (5.08 g/g), andP. angularis(5.05 g/g). The differences  alkaline pH (10). This may be because the protein at isoelectric
in water-holding capacity between the PPl and CPI can be point has a net charge close to zero and does not allow
attributed to their different protein fractions. The CPI contains development of the functional properties. Therefore, better
seven times more albumins than the PPI, with a correspondingresults were obtained when conditions were directed toward
increase in the globulins fractio23), which allows variations  either of the two extremes of the pH range. Other legume protein
in the number and nature of the water-binding sites in protein isolates generally react in the same way: for example, soybean
molecules (9).Additionally, external factors (e.g., stirring protein isolate has a capacity of 102% at pH 10, @hd
velocity, pH, and protein concentration) that can be changed angularis, P. calcaratus,and D. lablab have values between
during recovery or measurement can also influence this property.65% and 144%, along a pH gradient from 2 to 10. The high

Oil-holding capacity for PPI (4.59 g/g) was higher than that foaming capacities at alkaline pHs may be due to an increase
for CPI (2.70 g/g), and similar to those reportedRorcalcaratus in the net charge of the protein which weakens hydrophobic
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Figure 2. Effect of pH on the foaming capacity of P. lunatus and C. ensiformis flours and protein isolates.
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Figure 3. Effect of pH on foam stability (%) of PPI at different times.

interactions and increases protein flexibility, allowing them to Emulsifying Activity (EA) and Emulsion Stability (ES).

spread to the air—water interface more quickly, encapsulating The P. lunatusandC. ensiformisproducts generally exhibited

air particles, and increasing foam formation (9). good EA values (41.7856.46%) at different pH levels, with
Both PF and CF had a generally low foaming capacity across values similar to those of soybean protein isolate{58%)

the entire pH range, especially at basic pH, when compared t0(9). The PPI is the exception in that its insolubility near the pl

that of PPl and CPI, which is probably due to their low degree |owered its EA. Emulsifying activity profiles at different pH

of denaturation. (2—10) levels for PPl and CPI (Figure 7) had values ranging
Foam stability in the PPI diminished through time (5, 30, from 41.8 to 56%, with no statistical differences ¢ 0.05)

and 120 min) (Figure 3). It had higher foam volumes but smaller patween values for CPI, PF, and CF. Fiber content probably

foam stability than either of the flours (Figures-8). These did not influence EA, as the fibrous products from both the

values are also lower than those reported for protein isolates|egumes have been reported as having very low EAs (0.49 g/g

frorQ.I.P- 'ab'al'* P. anguﬁrgs'a”é’ fp- %a'caratgf(ﬁ)- dF_oam 5 for P lunatusand 0.086 g/g fo€. ensiformi (25). This makes
stability was lowest at p to 6 for the established times (5, it unlikely that low fiber content in the isolates influenced EA.

30, and 120 min) for both PPI and CPI, but higher at pH 2 and o )
7in PPl and at pH 3, 4, 5, and 6 in CPI, when foam formation The PPl and CPI exhibited a decrease in EA at pH 4 (44.28%

capacity is lowest. At neutral and alkaline pH (7, 8, and 9), @nd 50%, respectively) and pH 5 (41.78% and 50.76%,
foam stability for the CF was low, diminishing considerably "€Spectively). The CPI had very similar values across the pH
after 2 h, and at pH 10 it disappeared. scale with levels ranging from 51 to 54%, whereas the PPI had
Given these results, the relationship of hydrophilic versus @ distinct “v” pattern, the highest value being at pH 2 (56.42%)
hydrophobic properties is a key factor in balancing foam and the lowestat pH 5 (41.78%), with little variation thereafter
capacity and foam stability2g). This is likely a function of  (approximately 51% from pH 6 to 10). These values are slightly
protein source as influenced by environmental conditions, as lower than those reported for other legume protein isol&gs (
other authorsq, 19, 29) have reported surface properties for though they do exhibit similar behavior, with minimum values
D. lablal, P. angularis, P. calcaratus, Rulgaris,andV. ungui- from 53 to 54.7% at pH 4, and higher values at the extremes
culataprotein isolates that are better than for the PPl and CPI. of the pH range (55.8 to 58.2% at pH 2, and 57.1 to 58.2% at
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Figure 4. Effect of pH on foam stability (%) of PF at different times.
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Figure 6. Effect of pH on foam stability of CF at different times.

For the flours, CF had a decrease in EA at pH 4 (48.46%),

pH 10). An EA for soybean protein isolate of 87.5% has been

reported (5), which is notably higher than those for PPl and remaining almost constant at pHs higher than 5(50%). For

CPlin the present study, but the same study also reports an EAPF the decrease in EA was seen at pH 6 (46.78%) and 7

of 53% for dry egg albumin, showing that PPI and CPI have (47.85%). Under acid or alkaline conditions the EA values for

values quite similar to this conventional protein.

the CF and PF stayed around 50%, which is notably higher than



Flours and Protein Isolates from Legume Seeds J. Agric. Food Chem., Vol. 50, No. 3, 2002 589

58

56
54
52
50
43
46 -

Emulsifying activity (%)

44
42 -

40

—+—PP| —#—PF =+ -CPl ----CF
Figure 7. Effect of pH on the emulsifying activity of P. lunatus and C. ensiformis flours and protein isolates.
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Figure 8. Effect of pH on the emulsion stability of P. lunatus and C. ensiformis flours and protein isolates.

those reported by Idouraine et al0 for Tepary bean (32.5%  favored by the temperature increase (greater thaiC$@ausing
at pH 7). The minimal variation in EA of the CF and PF across molecule emulsion before coalescence is present (33).
the pH scale may be due to interactions of other components Viscosity. For CPI the viscosity increased after cooling to
of the flours that influence this propert@@, 31). 25 °C at all pH levels (Table 3). The values for PPl at pH 7
Emulsion stability (ES) for PPl and PF was pH-dependent were 11.52 cP at 25C before heating, and 13.75 cP at 25
(Figure 8). ES was higher for the CPI than for the PPI, reaching after thermal treatment. Similar results have been reported in
values of near 100% at both acid pH (2, 3, and 4) and alkaline studies using the same protein concentration (10%) at pH 7 with
pH (8, 9, and 10). This may partially result from the higher P. angularis(12.3 cP),P. calcaratus(10.2 cP), and. lablab
hydrophobic amino acids content of the PB2), which allows (12.5 cP) though they are lower than that reported for soybean
the protein—protein interaction in the interface. This fact, and protein isolate (23 cP(9).
the presence of smaller molecular weigktl® Kda) compo- The CPI and CF (Table 4) showed marked increases in
nents in the PF and PP23), may produce instability in the  viscosity at acid and alkaline pHs, with values for CPI of 229
film (32). The CPI had very similar stability values at the cP at pH 9, 114 cP at pH 10, and 80.12 cP at pH 2. The
extremes of the pH scale used in this study. The lowest value minimum viscosity values were observed at pH 4 with 4.50 cP
for CF was at pH 3 (30.3%), rising drastically above pH 4 to for CPI, and 6.50 cP for CF at pH 5. This behavior is similar
almost 100%. This “V” pattern is similar to that reported by to that reported for soybean protein isolaB®)
Chau et al. (B who obtained values for soybean isolate of 96%  Viscosity values recorded in the present study for CPI (i.e.,
at pH 2, 60% at pH 4, and 98% at pH 10. 3.35 cP at 25°C, 23 cP at 60°C, and 44.12 cP at 25C
The ES values of PPI (95.71%) and CPI (94.11%) at pH 7 postheating) are notably different from previously reported
were similar to that reported for chickpea protein isolate at values for protein isolate fronC. ensiformisat pH 7 (i.e.,
pH 7 obtained through micellization (94.3%), but higher than 13.7 cP at 25°C, 14.2 cP at 60°C, and 11.2 cP at 28C
that for chickpea protein isolate obtained through isoelectric postheating). This is likely a consequence of the different protein
precipitation (85.0%)741). These results indicate that both the conformations of theC. ensiformisin each study, a probable
flours and the protein isolates fro@\. ensiformisare effective result of the different sources and aging of the raw material
emulsifiers, making them useful in applications such as sausage employed (10).
mayonnaise, and seasonings manufacture, specially in products Protein concentration has also been shown to be an important
that require heating, because the protdipid interaction is factor in viscosity variation. Values have been reported of up
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Table 3. Effect of pH on P. lunatus Flour and Protein Isolate Viscosities (cP)?

P. lunatus protein isolate P. lunatus flour

pH 25 °CP 60 °CP 25°C¢ 25°CP 60 °CP 25°Ct
2 220x10 195+0.0 38.75+0.5 350+0.0 175+05 2.00+0.0
3 850+0.5 6.75+0.5 10.75+0.5 2.75+05 1.50+0.0 225+05
4 6.00+0.0 450+0.0 750+0.0 3.00+0.0 150+0.0 22505
5 525+05 3.25+00 450+0.0 3.75+£05 175+05 27505
6 750+0.0 7.00+0.0 6.00+0.0 4.00+0.0 1.75+05 27505
7 1152+05 8.75+0.5 13.75+£0.5 3.25+0.5 250+1.0 250+0.0
8 18.75+£0.5 8.75+0.5 175+1.0 5.00+0.0 250+1.0 350+1.0
9 127505 6.00£0.0 13.75+0.0 475%£05 375%15 4.00£0.0

10 9.75+25 5.00+1.0 9.50+2.0 350+1.0 350+1.0 4.00+0.0

aSPDL 21, 100 rpm.  Heating stage. ¢ Cooling stage.

Table 4. Effect of pH on C. ensiformis Flour and Protein Isolate Viscosities (cP)

C. ensiformis protein isolate C. ensiformis flour
pH 25°Ch 60 °Cb 25°C¢ 25 °Cb 60 °CP 25°C¢
2 26,7515 31.0+20 80.12+4.0 400+15 225+0.0 6.37+1.75
3 6.75+ 0.5 450+0.0 1025+ 15 4.00+0.5 2.75+05 9.25+25
4 3.75+0.0 3.97+1.45 450+0.0 3.75+£1.0 3.25+0.75 10.50 £ 0.0
5 512+1.25 3.75+1.50 537175 825+1.0 6.25+15 6.50+ 1.0
6 11.0+1.0 7.00+0.0 120£0.0 8.25+05 450+1.0 7.12+0.25
7 3.35+0.0 23.0+1.0 44,12 +0.25 725+05 3.75+£0.0 6.62 +0.25
8 28.25+1.0 225+1.0 51.0+£1.0 6.75£2.0 437025 6.37 £0.25
9 31.0+£00 85+25 229+2.0 8.62 +0.75 512 +0.75 750+0.0
10 1025+ 1.0 11752 114+£2.0 8.75+05 412 +0.75 8.87+1.25

aSPDL 21, 100 rpm. ° Heating stage. ¢ Cooling stage.

to 238 cP at 25C after heating at a concentration of 15% for holding capacity with values of 3.50 and 3.80 g/g of sample,
soybean protein isolate (90% protein concentration) and of 22 respectively, whereas oil-holding capacity was greatest in the
cP for soybean flour (45% protein concentration) under the sameP. lunatusprotein isolate (4.59 g/g sample). Foaming capacity
conditions (10). In the present study, the viscosities obtained was highest in PPI, reaching values to 147%, and the foam
from the protein isolates were also higher than those of their stability was lower in flours and protein isolates at all pH levels
respective flours. The difference in protein concentration in evaluated. The CF and CPI had the best emulsifying activity
relation to viscosity is due to the fact that the flours have a properties across the range of pH values, though PPI had the
higher starch content. As a result, the flours’ viscosity values highest (56.42%) in acid pH. The best emulsion stability was
are influenced by the physical competition of water for starch observed in the CF and CPI with values of almost 100% at pH
(24) preventing it from reaching gelatinization temperature range 7. The CPI had better viscosity values at acid (2) and alkaline
(76—83°C for C. ensiformisand 75—87°C P. lunatus) and (9) pHs. Because of these properties the protein isolates of both
thus forming the gel that provides viscos{®6, 27). legumes are very attractive as functional ingredients in food
The high viscosities attained with the CPI, in contrast to those systems. These could be incorporated into products such as
of the PPI, were likely due to the higher globulin fraction of bakery products, seasonings, and sausages, among others, but
the CPI (22.9%) in comparison to that of the PPI (15.7%). Also, sensory and texture analyses of the products would be necessary.
the CPI has a 25% higher protein content type 11S (hexameric
nature) when compared to that of the PE3), The 11S proteins | |\TERATURE CITED
are larger than the 7S proteins present in higher proportions in
the PPI, and also have stronger chemical bonds that are more (1) Venktesh, A.; Prakash, V. Functional Properties of Total Sun-

difficult to break. This likely leads to the formation of gels with flower (Helianthus annuus.) Seed— Effect of Physical and
different structures and physical properties, affecting viscosity Chemical Treatments. Agric. Food Cherml993 41, 218-223.
(35). (2) Oshodi, A. A.; Aletor, V. A. Functional Properties of Haemag-

. . glutinins (Lectins) Extracted From Some Edible Varieties of
All these results demonstrate tiatlunatusandC. ensiformis Lima Beans Phaseolus Iunatusinn). Int. J. Food Sci. Nutr.

protein isolates, and to a lesser degree their flours, can be used 1993,44 (2), 133—136.
in food systems as thickening agents, such as in dry foods and (3) Herrera, F. Efecto de Densidad de Poblacion Sobre el Rendi-

in soup mixes, to obtain a certain viscosity when reconstituted miento de Semilla d€anavalia ensiformis Produccion Animal
with water (10). Tropical 1983,8, 166—169.

(4) Moguel, O. Y.; Betancur, D.; Chel, L. Aprovechamiento Integral
CONCLUSIONS del Grano deCanavalia ensiformis: Extraccion de Prataly

Almidon. Tecnol. Aliment1996,31 (1), 11-16.
(5) Ahmenda, M.; Prinyawiwatkul, W.; Rao, R. Solubilized Wheat
Protein Isolate: Functional Properties and Potential Food Ap-

The chemical composition of protein isolates obtained from
P. lunatusand C. ensiformisseeds was similar, with protein

levels of 71.13% and 73.75%, reSpeCtiVG'y. SOlUbI'Ity was plications.J. Agric. Food Chem1999,47 (4), 1340—1345.
highest at acid and alkaline pHs for all products (greater than () Hoover, R.; Rorke, S.C.; Martin, A. M. Isolation and Charac-
60%), save for th®. lunatusflour (PF). TheP. lunatusprotein terization of Lima Bean Rhaseolus lunatus) Starch. Food

isolate (PPI) ancC. ensiformidlour (CF) had the highest water- Biochem.1991,15 (2), 117—136.



Flours and Protein Isolates from Legume Seeds

(7) AOAC. Official Methods of Analysis, 15th ed.; Association of
Official Analytical Chemists: Washington, DC, 1990.

(8) Were, L.; Hettiarachchy, L.; Kalapathy, U. Modified Soy Proteins
with Improved Foaming and Water Hydratation Properties.
Food Sci.1997,62 (4), 821—824

(9) Chau, C. F.; Cheung, K.; Wong, Y. S. Funcional Properties of
Protein Isolates from Three Chinese Indigenius Legume Seeds.
J. Agric. Food Chem1997,45 (7), 2500—2503.

(10) Idouraine, A.; Yensen, S.; Weber, C. Tepary Bean Flour,
Albumin and Globulin Fractions Functional Properties Compared
with Soy Protein Isolatel. Food Sci1997 56 (5), 1316-1318.

(11) Montgomery, D. CDis€efo y Andisis de Experimentos. Grupo

Editorial Iberoamericana: México, D. F., 1991; pp 420/7.

Pérez, F. V. Efecto de los Parametros de Remojo Sobre el

Rendimiento y la Composicion Proximal de las Fracciones

Proteicas y Almidonosas Obtenidas Durante la Molienda Himeda

deVigna unguiculataTesis de licenciatura, Quimico Industrial,

Facultad de Ingenieria Quimica, Universidad Auténoma de

Yucata, México, 1996; pp 21—23.

Bressani, R.; Brenes, G. R.; Garcia, A.; Elias, L. G. Chemical

Composition, Amino acid Content and Protein Quality of

Canavaliaspp. Seeds]. Sci. Food Agric1987,40, 1723.

Ellis N.; Belmar, R. La Composicion Quimica del Grano de

Canavalia ensiformis g Valor Nutritivo y sus Factores Toxicos.

12 Reunion sobre la Produccion y Utilizacion del Grano de

Canavalia ensiformien Sistemas Pecuarios de Yucatan. Me-

morias, Universidad Autbnoma de YutataMéxico, 1985.

Colomé, C,; Bilbao, T.; Ledesma, L.; Zumarraga, R. Evaluacio

Preliminar de Algunos Toxicos Naturales en Leguminosas de

Mayor Consumo en el Estado de Yugcatéecnol. Aliment1993,

28 (4), 8—13.

(16) Augustin, J.; Klein, P. Nutrient Composition of Raw, Cooked,
Canned and Sprouted LegumesLigumes: Chemistry, Tech-
nology, and Human NutritignMatthews, R. H., Ed.; Marcel
Dekker: New York, 1989; Chapter 7, pp 187—204.

(17) Lebn, A.; Vargas, R. E.; Michelangeli, C.; Melcion, J. P.; Picard,
M. Detoxification of JackbeanQanavalia ensiformid..) with
Pilot Scale Roasting. Il. Nutritional Value for Poultrnim.
Feed Sci. Technoll998,73, 231—242.

(18) Ningsanond, S.; Ooraikul, B. Dry and Wet Milling of Red
Cowpea.Can. Inst. Food Sci. Technal989, 22 (1), 25—33.

(19) Tjahadi, C.; Lin, S.; Breene, W. Isolation and Characterization
of Adzuki Bean Yigna angularis ¢ takara) ProteinsJ. Food
Sci. 1988,53 (5), 1438—1442.

(20) Badui, SQuIm. Aliment (Editorial Alhambra, S. A.1994, 160—
187.

(21) Dzudie, T.; Hardy, J. Physicochemical and Functional Properties

(12)

(13)

(14)

(15)

J. Agric. Food Chem., Vol. 50, No. 3, 2002 591

(23) Gallegos, S. Perfil Electroforético de las Fracciones Proteinicas
de los Granos d€anazalia ensiformisy Phaseolus lunatus.
Tesis de Licenciatura, Universidad Auténoma de Yutata
México, 2000; p 52

(24) Prinyawiwatkul, W.; Beuchat, L.; McWatters, K.; Phillips, R.
Functional Properties of Cowpe¥igna unguiculata) Flour As
Affected by Soaking, Boiling and Fungal FermentatidnAgric.
Food Chem1997,45 (3), 480—486.

(25) Peraza, M. G. Caracterizacion de Residuos FibrosGadevalia
ensiformisL. y Phaseolus lunatug y su Incorporacia a un
Producto Alimenticio. Tesis de Maestria, Universidad Autbnoma
de Yucata, México, 2000; pp 45—47.

(26) Betancur, A. D.; Chel, G. L.; Cafizares, H. E. Acetylation and
Characterization o€ana:alia ensiformisStarch.J. Agric. Food
Chem.1997,45 (2), 378—382.

(27) Betancur, A. D.; Chel, G. L.; Camelo, M. R.; Davila, O. G.
Physicochemical and Functional Characterization of Baby Lima
Bean (Phaseolus lunatus$tarch/Starke2001,53, 219—226.

(28) Damodaran, S. Food Proteins: An OverviewFbod Proteins
and Their Applications; Damodaran, S., Paraf, A., Eds.; Marcel
Dekker: New York, 1997; pp 1—30.

(29) Wagner, J. R.; Guéguen J. Surface Functional Properties of
Native, Acid Treated, and Reduced Soy Glicinin 1. Foaming
PropertiesJ. Agric. Food Chem1999,47, 2174—2180.

(30) Wijeratne, W. Propiedades Funcionales de las Proteinas de Soya
en un Sistema de AlimentoSoya Noticiasl995,242, 13-19.

(31) Wanasundara, P.; Shahadi, F. Functional Properties of Acilated
Flax Protein Isolatesl. Agric. Food Chem1997,45 (7), 431—

441.

(32) Wagner, J. R.; Guéguen J. Surface Functional Properties of
Native, Acid Treated, and Reduced Soy Glicinin. 2. Emulsifying
PropertiesJ. Agric. Food Chem1999,47, 2181—-2187.

(33) Petruccelli, S.; Afion, M. Relationship Between the Method of
Obtention and the Structural and Functional Properties of Soy
Protein Isolate. 2. Surface Properti@sAgric. Food Chenil994
42 (10), 2170—-2176.

(34) Gamboa, M.; Osorno, H.; Chel, L. Efecto del Procesamiento de
la Harina del Grano de la Leguminosa@anavalia ensiformis
Sobre sus Propiedades Funcionales y Componentes Quimicos.
BIOTAM 1994,6 (2), 41—-54.

(35) Puppo, M.C.; Afion, M. C. Gelificacion de Proteinas de Soya a
pH Acido. In Simposio Iberoamericano Sobre Pratas para
Alimentos; Buenos Aires, Argentina; Instituto Nacional de
Investigacion y Tecnologia Agraria y Alimentaria, Ministerio
de Agricultura, Pesca y Alimentacion: Madrid, 1996; pp 65—
72.

of Flours Prepared from Common Beans and Green Mung Beans. Received for review June 13, 2001. Revised manuscript received

J. Agric. Food Chem1996,4 (10), 3029—3032.

November 1, 2001. Accepted November 1, 2001. Funding from the

(22) Paredes, L.; Ordorica, F.; Olivares, M. Chickpea Protein Iso- International Foundation for Science (IFS) is gratefully acknowledged.

lates: Physicochemical, Functional and Nutritional Characteriza-
tion. J. Food Sci.1991,56 (3), 726—729.

JF010778J



