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Starch was isolated from either raw or steam-heated black, red, and lima beans. Isolates from
steam-heated legumes were rich in indigestible (resistant) starch (19-31%, dmb), a fact not observed
when raw seeds were used. Similarly, resistant starch measured directly in conventionally and
high-pressure steamed beans was 3-5 times higher than in the raw pulses, suggesting retrogradation
as the major mechanism behind the reduction in digestibility. Thus, steam-heating comes forth as
an effective way to produce resistant starch in legumes. Prolonged steaming as well as short dry
pressure heating decreased the enzymatically assessed total starch content of whole beans by 2-3%
(dmb), indicating that these treatments may induce formation of other types of indigestible starch.
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INTRODUCTION

Despite their interesting nutritional features, rela-
tively few studies have been carried out to evaluate the
impact of processing on the nutritional quality of legume
starches (Tovar, 1994a), an aspect that must be carefully
investigated before increasing the industrial use of
edible pulses.
Most polymer isolation and analysis protocols recom-

mend dehulling of dark-colored legumes (Sathe et al.,
1982; Escarpa et al., 1994). This step is, however,
tedious and time-consuming, especially for large seed
numbers. Hence, in order to facilitate removal of seed
coats, accelerated seed hydration in a steam current has
been tried (Melito et al., 1994). Such a procedure
applied to common beans in combination with the Sathe
et al. (1982) purification method yielded indigestible
starch-rich isolated materials, suggesting that steam-
heating itself might be partly responsible for the forma-
tion of indigestible starch fractions (Melito et al., 1994).
Since cooked legume starches are prone to retrograde

and thus generate indigestiblesor resistantsfractions
(Tovar et al., 1990a,b; Schweizer et al., 1990; Tovar and
Velasco, 1995), to study the impact of steam-cooking on
the enzymic availability of starch in beans was the main
objective of present work. The effect of dry heating
under high-pressure conditions was also investigated.

MATERIALS AND METHODS

Seeds. Dried common black beans (Phaseolus vulgaris L.
cv. Tacarigua) were provided by the The Centro Nacional de
Investigaciones Agropecuarias (CENIAP), Maracay, Venezu-
ela. Red kidney beans (Phaseouls vulgaris L) were obtained
from the local market. Black lima beans (Phaseolus lunatus
L. cv. Tapiramo) were grown at the experimental garden of
the School of Biology, Universidad Central de Venezuela.
Processing of Whole Beans. For steam-cooking, manu-

ally selected seeds were scattered on a fiberglass grid and
placed on top of a cooking pan containing boling water (98 °C)
for a variable period (between 30 and 180 min); heating for
90 min was sufficient for an easy dehulling of the seeds. For
comparative purposes, seeds were steam-cooked under pres-

sure by placing them in an open glass flask which was then
autoclaved at 121 °C for 15 min. This pressure treatment was
also carried out in capped flasks in order to prevent direct
steam/seed contact (“dry pressure heating”).
Starch Determination. Available starch content was

estimated by the Termamyl/amyloglucosidase method of Holm
et al. (1986). Samples were blended and extensively homog-
enized before analysis, a treatment that rules out analytical
problems associated with physical inaccesibility of starch in
whole legume seeds (Tovar et al., 1990a). Total starch content
was evaluated with the same enzymic method, including the
alkaline (2 N KOH) dispersion step described by Tovar et al.
(1990a,b). “Resistant starch” content was then calculated as
the difference between “total” and “available” starch (Tovar
et al., 1990b).
Starch Isolation. Starch was isolated from both raw and

steam-cooked seeds, following the multiple extraction protocol
of Sathe et al. (1982), which comprises dehulling and milling
of the seeds, followed by sequential extraction with water, 2%
NaCl, cold 0.1 N NaOH, and 80% ethanol.
Moisture Determination. This was performed according

to AOAC (1984).
Statistics. Means were compared by one-way analysis of

the variance followed by the Duncan multiple comparison test,
using the SPSS/PC+ program.

RESULTS

The enzymatically assessed starch content of starch
isolates from various legumes is shown in Table 1. In
all cases, the readily available starch content of samples
prepared from 90-min-heated seeds was significantly
lower than in those coming from raw seeds. These
changes were accompanied by remarkably high resis-
tant starch levels, without any significant alteration of
the total starch content (Table 1).
Similarly, the available starch content in raw black

and lima beans was higher than in the corresponding
heat-processed seeds (Table 2). No major difference was
observed between conventional and high-pressure steam-
ing (Table 2), although final moisture content achieved
after each type of treatment was significantly different
(Figure 1).
Extensive (g120 min) steam-heating of the pulses

produced only marginal changes in the resistant starch
content of black and lima beans, but it was associated
with a significant drop in both available and total starch
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levels (Figure 2). Similar results were observed after
short dry-heating (Table 3).

DISCUSSION

Since its discovery in the last decade, indigestiblesor
resistantsstarch has been the subject of numerous
investigations. Three major types of indigestible starches
are presently recognized: ungelatinized B-type gran-
ules, physically inaccessible starch fractions, and ret-
rograded amylose (Englyst et al., 1992). Although the
relative proportions of each category vary from one food
to another, retrograded amylose seems to constitute the
main source of resistant starch (RS) in common pro-
cessed foods (Asp and Björck, 1992; Englyst et al., 1992;
Tovar, 1994b).
Previous studies with common beans indicated that

conditions prevailing during the isolation procedure may
affect the enzymic availability of the resulting starch
preparation (Melito et al., 1994). Present data make it
clear that, despite its usefulness for dehulling, steam-
heating applied as a preisolation step contributes to the

formation of RS, as the isolates coming from raw beans
contained 9-15 times less RS than starches prepared
from preheated seeds (Table 1). Taking into account

Table 1. Total and Available Starch Content in Purified Starch from Raw and Steam-Heated Beans

legumes preisolation treatment yield,a % total starch,b % available starch,b % resistant starch,c %

black bean raw 35 ( 0.2 89.8 ( 1.2e 87.6 ( 1.4e 2.2
steam-heatedd 25 ( 0.6 91.2 ( 0.2e 72.3 ( 1.5f 18.9

red bean raw 30 ( 2.5 90.2 ( 1.1e 88.5 ( 1.5e 1.7
steam-heatedd 23 ( 1.7 89.2 ( 0.4e 68.0 ( 1.0g 21.2

lima bean raw 29 ( 2.3 98.5 ( 2.7f 96.5 ( 1.5h 2.0
steam-heatedd 26 ( 0.7 97.4 ( 0.8f 66.7 ( 1.9g 30.7

a Starch obtained (g) × 100/seed weight (g); dry matter basis. b Starch content (g) × 100/isolated starch weight (g); dry matter basis.
Values are means of at least six determinations ( SEM. Means in columns not sharing the same superscript letter are significantly
different (p < 0.05). c Total starch - available starch. d Steam-heated for 90 min.

Table 2. Total and Available Starch Content in Variously Treated Beans

legumes treatment total starch,a% available starch,a% resistant starch,b%

black bean raw 39.3 ( 0.2e 37.4 ( 0.6e 1.9
steam-heatedc 38.7 ( 2.9e 32.7 ( 1.6f 6.0
high-pressure steamingd 41.3 ( 4.0e 35.7 ( 4.5g 5.6

lima bean raw 39.9 ( 0.6e 39.1 ( 0.5e 0.8
steam-heatedc 38.9 ( 0.4e 34.9 ( 0.3g 4.0
high-pressure steamingd 40.9 ( 0.7e 36.5 ( 0.7g 4.4

a Starch content (g) × 100/seed weight (g); dry matter basis. Values are means of at least six determinations ( SEM. Means in
colums not sharing the same superscript letter are significantly different (p < 0.05). b Total starch - available starch. c Steam-heated for
90 min. d High-pressure steaming for 15 min.

Figure 1. Changes in moisture content during steam-cooking
of black (0) and lima (9) beans. Points along each curve were
statistically compared. Those without common letters are
significantly different (p < 0.05). Moisture content of 15 min
high pressure steamed black (2) and lima (b) beans are also
shown.

Figure 2. Effect of steam-cooking on starch content in black
beans (A) and lima beans (B). (9) Total starch content; (0)
available starch content; (2) resistant (total - available) starch
content. Points along each curve were statistically compared;
those without common letters are significantly different (p <
0.05).

Resistant Starch Formation in Legumes J. Agric. Food Chem., Vol. 44, No. 9, 1996 2643



that a similar heat treatment had no influence on the
digestibility index of wheat starch (Holm et al., 1985)
and the established capability of the difference method
employed here to report only retrograded indigestible
fractions content (Tovar et al., 1990b; Champ, 1992),
present results on the effect of steam-cooking seem to
corroborate the remarkable retrogradation tendency of
legume starches.
Manipulation of RS content and other nutritional

properties of starchy foods has been pointed out as a
challenge to the food industry (Tovar et al., 1992b;
Björck and Asp, 1994). In this context, steam-cooking
could provide new ways to increase today’s limited
industrial utilization of pulses (Sosulski et al., 1989,
Tovar et al., 1992b). Such an affirmation is stressed
by the RS formation observed also in steam-heated
whole beans (Table 2). However, the RS amount
produced under these conditions was significantly smaller
than in the isolated starches (Table 1), a fact that seems
to support the already suggested influence of other steps
in the isolation protocol on the digestibility of the final
preparation (Melito et al., 1994). It should be mentioned
that during processing of intact beans the interaction
of amylose with protein, and possibly other seed con-
stituents, may also modify the polysaccharide recrys-
tallization proclivity (Cerletti et al., 1993).
In spite of the different final moisture of samples

processed by the two heating methods (Figure 1), the
influence of high-pressure steaming on the availability
of starch in common beans was similar to that exerted
by conventional steam-cooking (Table 2). Dry pressure
heating, on the other hand, had a detrimental influence
on the total starch content measured by enzymatic
means (Table 3), which might be the consequence of
transglycosidation reactions. These chemical alter-
ations of starch take place under extreme conditions,
such as low-moisture heating, leading to the formation
of atypical glycosidic bonds and the concomitant reduc-
tion in amylolytic susceptibility (Siljeström et al., 1989).
A decreased total starch content was recorded as well

after prolonged bean steaming, i.e., more than 90 min
(Figure 2), a treatment that resulted in significant seed
hydration (Figure 1). These observations suggest that
transglycosidation changes may occur also by wet over-
heating. However, the contribution of other carbohy-
drate side-reactions (i.e., Maillard and caramelization)
(Asp and Björck, 1992) to the final overall digestibility
cannot be ruled out.
Interestingly, during both prolonged steam treatment

and short dry-heating, total and readily available starch
decreased parallelly and calculated RS levels tended
therefore to stabilize or decrease (Figure 2, Table 3).
This phenomenon should be kept in mind when the RS
content of processed samples is to be reported, since
indigestible transglycosidated, and other types of modi-
fied, starches will probably add in vivo to the unchanged
retrograded resistant starch values (Asp and Björck,
1992; Tovar, 1994b). Furthermore, physically inacces-
sible starch fractions contribute to the limited extent

of physiological utilization of starch in pulses (Tovar et
al., 1992a). As such a phenomenon is not quantified
by the analytical method used, it must be considered
as another source of underestimation of the real in vivo
RS content of here-studied samples.
Complementary comparative studies on the effect of

various heat treatments on the process-related forma-
tion of RS in legumes are currently in progress.
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