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SUMMARY. Despite their important contribution to seed weight, 
carbohydrates in pulses have received limited attention. However, 
experimental evidence acumulated during the last two decades 
indicate that legumes are rich sources of slowly digestible starch 
promoting moderate postprandial glycémie and insulinémie responses. 
Although the reasons for this phenomenon are not completely 
understood, some intrinsic properties of the starch itself and the 
microstructure of cotyledon cells appear to determine much of the 
slow release character. This beneficial feature is rather sensitive to 
thermal and mechanical processing. A minimum of 10% of the starch 
occurring in common beans and lentils escapes digestion and 
absorption in the normal small intestine, and is therefore referred to 
as «resistant starch». This material consists mainly of retrograded 
amylose fractions generated upon cooling of wet-heated pulses. 
Physically inaccessible starch fractions resulting from cotyledon 
microstructural properties may also contribute to incomplete 
digestibility, accounting for up to 40% of the indigestible starch. 
These indigestible starch fractions are fermented in the large intestine 
generating gases and volatile fatty acids, compounds that have 
important influence on the physiology of the colonic mucosa and 
peripheral metabolism.

RESUMEN. Biodisponibilidad de los Carbohidratos de las Le­
guminosas: Fracciones Digeribles e Indigeribles. En contraste con 
el amplio conocimiento que se tiene del valor nutritivo del compo­
nente proteico de las leguminosas, y pese a su indiscutible relevancia 
en términos cuantitativos, aún se sabe poco sobre los carbohidratos 
presentes en estos granos. El componente mayoritario de las semillas 
maduras de leguminosas es la fracción compleja. Este renglón, que 
engloba a la fibra dietética y al almidón, puede representar hasta el 
60% del peso de la semilla. Una fracción importante del almidón es 
hidrolizada a una tasa relativamente baja, lo cual se traduce en una 
respuesta glicemica moderada. Por ello, las leguminosas constituyen 
un renglón alimentario atractivo para el manejo dietético de la 
diabetes mellitus. Los mecanismos que determinan este comporta­
miento incluyen tanto a las propiedades del almidón en sí, como de 
la microestructura del cotiledón y sus células constituyentes, lo cual 
lo hace dependiente del procesamiento al que se someten los granos. 
Otra porción del almidón presente en los granos tiene carácter 
indigerible. Esta propiedad ha sido caracterizada in vi tro e in vivo y 
parece resultar tanto de la retrogradación de la amilosa, como de la 
inaccesibilidad física impuesta por la microestructura del cotiledón. 
La evidencia mas reciente sugiere que al menos el 10% del almidón 
de las semillas cocidas de P. vulgaris y L. culinaris escapa a la di­
gestión y ab sorción en el intestino delgado. Así, una porción importante 
del componente amiláceo de las leguminosas ingresa al intestino 
grueso donde, junto con los a-galactósidos, es fermentada por la 
microflora colónica. Este último proceso da origen alos inconvenientes 
asociados a la generación de gases, pero tiene influencia beneficiosa 
sobre la fisiología de la mucosa del colon y, posiblemente, sobre el 
metabolismo lipídico hepático.

Carbohydrates in m ost edible pulses represent up to 65% studies on pulses have focussed m ainly on their proteins. Two
o f the seed weight. M ore than a half o f this portion consists o f m ajor reasons m ay be argued to explain such a contradiction:
the so-called «com plex carbohydrates» , i.e. starch and dietary i) the early perceived idea o f food carbohydrates being easily
fiber ( 1), while the sugar fraction (mono, di- and oligo- digested and absorbed in the hum an small intestine, and ii) the
saccharides) is significantly sm aller (2). apparently low im pact that these dietary com pounds have on

A lthough from  a quantitative point o f  view carbohydrates health , specially  w hen com pared to fa t and p ro teins,
are the m ain constituent o f m ost dried legumes, nutrional Nevertheless, the outcom e o f  num erous investigations during



the la s t 15 years ind icate  that the nu tritional ro le  o f 
carbohydrates has been largely underestimated, and leguminous 
foods have provided im portant evidences for this conceptual 
change.

In the early 80s, D avid Jenkins and his research team  made 
an interesting finding when m onitoring the evolution of blood 
glucose in hum an subjects after the ingestion o f experim ental 
breakfasts. Surprisingly, the glycem ic responses to legume- 
based m eals w ere rem arkably low er than those registered after 
other starchy foods or free sugars (3). A fter these and other 
experiences, legum es were accepted as sources of «slowly 
released carbohydrates». The evolution o f  this pioneer concept 
has led to a new nutritional classification of carbohydrates (4), 
which attends to the rate and extent o f their digestion in the small 
intestine, param eters that determ ine the consequences of 
carbohydrate ingestion on intestinal and peripheral physiology. 
Thus, the existence o f  rapidly digested, slowly digested and 
indigestible carbohydrates is currently recognized. As it will 
discussed later, legume seeds contain important quantities of 
each o f these nutritionally relevant carbohydrate types.

The above m entioned «slow release» feature o f legume 
carbohydrates seem s to be consequence o f  the lim ited 
susceptibility to enzymatic breakdow n shown by their starches. 
C om pared to cereal and tuber samples, a high proportion o f the 
starch present in lentils and com m on beans behaves as «slowly 
digestible starch» in vitro  (4). This characteristic results in a 
delayed hydrolysis and absorption o f the digestion products in 
v iv o  p ro m o tin g , th e re fo re ,  m o d e ra te  p o s tp ra n d ia l 
hyperglycem ia and insulinem ia, a fact of potential use in the 
dietary m anagem ent of diabetes m ellitus (5).

A lthough the m echanism  governing the slow digestion o f 
starch in pulses is not com pletely understood, it clearly 
depends on m ultiple factors. Som e o f them seem to be 
intrinsic to the starch itself. This was illustrated for isolated 
black bean fPhaseolus vulgaris) starch, which is less digestible 
by pancreatic am ylase than wheat, com  or rice starches (Table 
1) (6), a fact that m ight be explained by the relatively high 
am ylose:am ylopectin ratio com m only found in legum inous 
starches (7).

TA B LE 1
IN  VITRO  D IG ESTIBILITY  OF ISOLATED CEREAL 

AND BEAN STARCHES3

D egree o f Hydrolysis (%')

Treatm ent Black Bean Starch Corn Starch
15 m in 6 0 m in  15 m in 6 0 m in

None 5 10 3 8
Boiling (30 m in) 30 50 50 75

M icrostructure is, however, a m ajor determ inant o f the 
digestion rate o f starch in legumes. The rem arkable mechanical 
res is tan ce  o f  com m on bean  co ty ledon  cell w alls  w as 
dem onstrated by W iirsh et al. (8), who found that gentle 
m ashing o f boiled white beans yields a paste rich in rather 
intact cotyledon cells containing starch granules. Such a 
unique physical property allow ed us to process com m on beans 
and lentils into slowly digestible precooked flours (9,10), in 
which the occurrence o f cell w all-surrounded starch was 
noticeable (11). The influence of cell wall integrity on the in 
vitro  starch hydrolysis o f  the processed pow ders was m ade 
evident by the substantial increase in the am ylolysis rate 
recorded after exhaustive hom ogenization (Table 2). Recent 
studies indicate that this phenom enon m ay also lim it protein 
digestibility in cooked beans ( 12 ).

TA B LE 2
EFFECT OF CELL W A LL DISRU PTIO N  ON IN  VITRO  

DIGESTIBILITY OF STARCH IN  PRECO O KED  
LEGU M E FLO U RS3

D egree o f Starch H ydrolysis (%)

Treatm ent Red Beans Lentils
15 min 60 min 15 min 60 min

None (control) 8 19 11 31
Homogenization 50 54 55 73

aModified from Tovar et al. (11)

In vivo trials have confirmed that mi crostructural alterations 
induced by processing m odify m etabolic responses to  starch 
in legum es (13). Table 3 sum m arizes the glycem ic and 
insulinem ic indices of variously treated red  kidney beans. The 
cooking procedure has an evident im pact on both glycem ic 
and insulinem ic responses to the seeds, since autoclaved 
sam ples have greater indices than boiled ones, suggesting that 
pressure cooking m ight produce a m ore extensive dam age to 
cell wall structures. Further deterioration o f  the seed structural 
integrity, achieved by m illing during the preparation of 
precooked flours, resulted in increased m etabolic responses 
(Table 3). Therefore, the architecture o f the seed tissues 
appears to constitute a physical barrier that lim its digestive 
enzym es action on their starch substrate. H igher levels o f 
s tru c tu ra l d am ag e , su ch  as ce ll w a ll d is ru p tio n  by 
hom ogenization o f the precooked flours, yielded m ore rapidly 
digested preparations w ith greater m etabolic indices.

aModified from Socorro, Levy-Benshimol & Tovar (6)



TA B LE 3
G LY C EM IC AND INSU LIN EM IC INDICES OF 

V A RIOU SLY  TREA TED  RED KIDNEY BEANS a

Preparation G lycém ie Index Insuliném ie Index

Boiled Beansb 44 34

A utoclaved
B eansc

58 51

Precooked 
Bean Flour

62 52

Precooked Flour 
(without cells)

76 51

W heat Bread 
(reference)

100 100

aModified from Tovar et al. (13)
b70 min
c 121 °C, 20 min

It should be stressed that even if  postprandial blood 
responses increase, not all the beneficial ‘slow ’ features are 
lost during processing, as the greatest glycem ic/insulinem ic 
indices recorded for the legum e-based breakfasts are still 
sm aller than for the reference cereal sam ple (bread) (Table 3). 
This is also valid for the long-lasting satiating effect o f red 
bean m eals (Table 4), w hich correlates w ith the pace o f starch 
processing in the sm all intestine (2).

TA BLE 4
SATIETY  SC O R E OF RED BEA N  AND W HEAT 

BREAD  M EA LS3

The rate o f  starch digestion in freeze-dried sam ples from 
cooked beans appears to be different from  that o f the material 
leaching out to the cooking water (Tovar J, unpublished). In 
spite o f the presence o f  cell-enclosed starch in both fractions, 
the digestibility o f the cooking outflow  was significantly 
lower. A lthough it is tem pting to  especúlate about differential 
deterioration o f  cellular structures in each preparation, different 
starch dispersion properties may also account for unequal 
susceptibilities to  amylolysis. This finding deserves further 
attention, particularly in view o f  the traditional latinam erican 
use o f  bean cooking water for infant feeding. In this context, 
slow -and perhaps incom plete- digestion of ingested starch 
might be undesirable rather than beneficial.

In vitro studies carried out at this laboratory suggest that, 
on top of the structural influence o f cotyledon cell w alls on 
starch bioavailability, polymeric constituents o f legume dietary 
fiber m ay interfere with a-am ylolysis. The phenom enon is 
observed even when the fiber is present in  a less organized 
physical state, such as in the indigestible residue isolated by 
enzym atic p rocedures. F or instance, b lack  bean starch  
degradation is atenuated by the indigestible residue obtained 
from the sam e seeds (Table 5) (6). A m ong possible reasons 
for this inhibitory effect of bean fiber, enzym e insolubilization 
and substrate m asking (14), as well as anti-am ylase activity of 
fiber-associated tannins (14,15) have been proposed. It is 
important to mention, however, that the physiological relevance 
o f  these observations is yet unclear.

TA BLE 5
EFFECT OF BLACK BEAN IND IG ESTIB LE RESID U E 

ON IV  VITRO  HYDROLYSIS O F ISOLATED BEA N  
STARCH3

D egree o f  H ydrolysis^ (%)

Treatm ent 15 min 30 m in 60 min

R ed Bean W heat Bread
Postprandial A utoclaved Precooked Flour 
Tim e (min) (W ithout Cells)

30 5.6 6.3 3.3

95 3.4 2.5 -0.3

120 2.3 0.7 - 1.0

180 0.5 - 1.8 -3.9

3 Modified from Tovar (2)

None (control) 28 43 45
+ Indigestible 17 24 32

Residue

aModified from Socorro, Levy-Benshimol & Tovar (6) 
bPorcine pancreatic amylase

Indigestible starch fractions occur in m ost starchy foods 
(4,16), but legum es are am ong the richest sources o f  such a 
novel dietary constituent. As a m atter o f fact, at least 10% of 
the starch in processed legum e seeds escapes digestion and 
absorption in the small intestine and is, therefore, regarded as 
«enzyme resistant» or, more sim ply, «resistant starch» (16,17). 
A ccurate assessm ent o f the resistant starch content in these 
seeds poses the same technical problem s faced with practically



any other edible vegetable (17). Thus, we currently rely on 
estimates obtained w ith a num ber of different experimental 
approaches.

Attem pts to m easure «true digestibility» o f starch in 
processed com m on beans gave values ranking from  80 (18) to 
90% (19), depending on the in vivo  m odel employed. Sim ilar 
figures have been reported for heat treated lentils (19) and 
cowpeas (20) (Table 6). These values correspond to a 10-20% 
resistant starch content, expressed on a total starch basis. In 
addition to the experim ental m odel, differences in sample 
origin, agronom ical variety and processing conditions may 
explain the observed discrepant results. Interestingly, and 
regardless o f  the digestibility index recorded, undigested 
starch seems to  consist o f two m ajor fractions. The predominant 
one is likely to be retrograded am ylose (18-20), a crystalline 
and enzym e-resistant form  that is produced after cooling of 
heat treated starch or starchy foods (4,16). This observation is 
consistent w ith the known tendency of legum e starches to 
generate invitro  indigestibleretrograded fractions (9,10,16,22).

TABLE 6
IN  V IV O  DIG ESTIBILITY  OF STARCH IN 

PRO CESSED  LEGUM ES

Sam ple M ethod D igestibility Reference
o f A ssessm ent3 Index (% )b

W hite Beans HI 80 Schweizer (18)

W hite Beans A R 88 Asp et al. (21 )

Red Beans A R 90-92 Tovar et al. (19)

Cowpeas IC 90 Tuan,Phillips (20)

Lentils AR 89 Tovar et al. (19)

aHI: Human ileostomists; AR: Antibiotic-treated rats; IC: Analysis 
of ileal content in rats
^Undigested starch measured (g) x 100)/starch intake (g)

The rem aining o f  the in vivo  indigestible starch - 
approxim ately 30 to 40% o f the resistant starch in beans and 
lentils- has been poorly characterized, although it is thought 
to be the sum  o f part o f the physically inaccessible (cell- 
enclosed) starch m entioned above (19) and the recently 
acknow ledged losses due to physiological inefficiency, an 
apparently general feature o f  norm al starch assim ilation (23).

The occurence of significant am ounts of indigestible starch 
in pulses raises tw o m ajor questions: should this starch be 
added to the dietary fiber content o f the food? and, is it lost 
from  the physiological point o f view? No conclusive answer 
can be given for the first query which is subject o f  controversy 
when the com position of processed foods is to  be considered

(16). Nonetheless, there is no doubt about the contribution of 
in vitro  resistant starch to the dietary fiber residue obtained by 
enzym atic means (Table 7).

TA BLE 7
STARCH CO N TRIBU TIO N  TO  TH E IND IG ESTIBLE 

RESID U E IN RED KIDNEY BEA N Sab

Flour Indigestible Starchd Dietary
Residue0 Fiber6

Raw 18.9 - 18.9

Precooked 22.8 3.5 19.3

aModified from Tovar et al (9)
^Values are expressed in g perlOO g original flour (dry weight basis) 
cObtained after sequential digestion with Termamyl^, pepsin and 
pancreatin
d Assessed enzymatically in the indigestible residue after alkaline 
dispersion
e(indigestible residue - starch)

Regarding the physiological use o f legum e resistant starch, 
it has proven to be ferm ented to a variable extent in  the large 
intestine. Indirect estim ates suggest that bean indigestible 
starch is m ore easily degraded in the rat caecum  than the 
corresponding lentil fraction. Similarly, in vitro  studies with 
ra t intestinal m icroflora indicated im portant differences 
between resistant starch isolated from  these two legume 
species (24). Hence, indigestible starch adds to the well known 
legume indigestible oligosaccharides (25) as substrates for 
b ac teria l ferm en tation , a p rocess th a t genera tes gases 
(hydrogen, carbon dioxide and methane) w ith concom itant 
undesirable effects. Ferm entation, how ever, also results in 
volatile fatty acid production (acetate, propionate andbutyrate), 
com pounds that contribute to m etabolizable energy (26) and 
seem  to exert beneficial action on the colonic m ucosa 
physiology and hepatic m etabolism  (27,28).

Further research on chem ical and nutritional features o f 
legum e carbohydrates m ay help technological m anipulation 
aim ing to retain, or even increase, the am ount o f  slowly and 
indigestible fractions in pulse-based foods for affluent societies. 
Research for developing countries should be, in contrast, 
focussed on the im provem ent o f the overall digestibility.
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