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Abstract

Common beans (Phaseolus vulgaris L.) are a good source of protein, vitamins, minerals and especially dietary fibre. As beans are
never eaten raw, the effects of soaking, cooking, soaking–cooking and canning on soluble, insoluble and total dietary fibre contents
of beans are studied. Total dietary fibre content was determined by enzyme-gravimetric method. The fraction of insoluble dietary

fibre was corrected for the content of resistant starch, determined as part of the total starch in insoluble fibre. The results indicate
that thermal processing decreased the insoluble fibre content, and consequently the total dietary fibre content of beans. Soaking and
cooking of beans significantly (P40.05) increased the resistant starch content. The data on dietary fibre content of processed food
are much more relevant than those of raw food. Thus food composition tables should contain as much data on processed food as
possible.
# 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Common beans (Phaseolus vulgaris L.), grain legumes
belonging to the family Fabaceae (Leguminosae), are
used by humans world-wide. They are an important
source of protein (16–33%), vitamins (thiamine, ribo-
flavin, niacin, vitamin B6, folic acid), dietray fibre
(14–19%), especially soluble dietary fibre, minerals (Ca,
Fe, Cu, Zn, P, K, Mg), and free unsaturated fatty acids.
They contain very little sodium, and no cholesterol
(Reyes-Moreno & Paredes-López, 1993).
Recent studies indicate that dietary fibre may be pro-

tective against cardiovascular diseases, diabetes, obesity,
colon cancer, and other diverticular diseases (Lee, Prosky,
& DeVries, 1992). The current physiological definition of
dietary fibre [the remnants of plant cells resistant to
digestion by the alimentary enzymes of the human
(Prosky &DeVries, 1991)] has been extended to include all
the polysaccharides in the diet that are resistant to endo-
genous secretions of the human digestive tract. Accord-
ingly, the term dietary fibre refers to nonstarch
polysaccharides, resistant starch and lignin (Lee et al.,

1992). Since each dietary fibre component exerts a differ-
ent physiological effect, it is important to obtain data on
both the total dietary fibre content and its profile (Vidal-
Valverde, Fries, & Esteban, 1992). As recommended by
Prosky, Asp, Schweizer, DeVries, and Furda, (1988), the
daily intake of total dietary fibre should be 20–35 g with
approximately one third of that as soluble dietary fibre.
Dietary fibre is determined gravimetrically as total

dietary fibre (TDF) after hydrolytic degradation of
foods. TDF consists of soluble dietary fibre (SDF) and
insoluble dietary fibre (IDF) and its importance in
nutrition has been widely studied (Prosky & DeVries,
1991; Robertfroid, 1993). Asp, Johansson, Hallmer, and
Siljeström (1983) reported that, in addition to the solu-
ble and insoluble fractions, partly-soluble fractions also
exist. Data on SDF and IDF contents of common beans
vary, depending on the analytical method applied and
on the previous treatments of the beans, SDF content
being more sensitive to these changes (Aman & Wester-
lund, 1996). According to Mongeau and Brassard
(1995), the method for TDF determination of Prosky et
al. (1988) gives high values. They suggest that the 1DF
value may contain, also some starch which can be
resistant (resistant starch—RS) and/or residual. Resi-
dual starch can be used by the human organism as a
source of energy, while resistant starch is non-digestible.
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Beans are never eaten raw and are processed before
consumption. Processing can change dietary fibre con-
tent, especially its composition and its physico chemical
properties. These may have different physiological
influences on the organism (Asp, 1986; Carnovale &
Lintas, 1995). Most investigations on dietary fibre con-
tent were performed on raw beans and only a few on
processed beans. The objective of this work was to
determine and compare SDF, IDF and TDF in raw,
soaked and cooked beans, before and after the correc-
tion for the RS portion.

2. Materials and methods

2.1. Bean samples analyzed—preparation and processing
of beans

Grains of brown beans of the Pinto variety, imported
from China in the year of harvesting were processed and
analyzed during the following year. Prior to treatment,
beans were stored in a dry and cool place (under stan-
dard conditions in a vegetable processing plant). Seeds
that were too small, molded, mechanically damaged or
wrinkled, were excluded.
Beans were prepared in six different ways; addition-

ally canned beans of the same variety were analyzed for
comparison. The details of sample preparation are given
below.

2.1.1. Raw dry beans (RB)
Raw dry beans (RB) refers to beans as such, the

samples were ground for 3 min in a coffee mill and
stored in polyethylene bags at room temperature prior
to analyses.

2.1.2. Soaked beans (SB)
Soaked beans (SB) refers to beans soaked in tap water

overnight at room temperature (300 ml of tap water
were added to 100 g of bean seeds; soaking took place
for 18 h at 20 �C); the soaked seeds were drained, dried
on a paper towel, lyophilized, ground for 3 min in a
coffee mill and stored in polyethylene bags at room
temperature prior to analyses.

2.1.3. Soaked-S beans (SSB)
Soaked-S beans (SSB) refers to beans soaked over-

night in a solution of baking soda in tap water at room
temperature, (300 ml of tap water containing 5.0 g of
baking soda were added to 100 g of bean seeds, soaking
took place for 18 h at 20 �C), the soaked seeds were
drained, and then treated in the same way as SB.

2.1.4. Cooked soaked beans (CSB)
Cooked soaked beans (CSB) refers to beans soaked in

tap water overnight at room temperature (300 ml of tap

water were added to 100 g of bean seeds, soaking took
place 18 h at 20 �C) then drained and dried on a paper
towel and consequently cooked in fresh tap water
(volume ratio beans to water being 1–6) boiling in a
covered pot (98–100 �C) until they became suitable for
consumption (approx. 40 min). Cooked seeds were
drained, and treated in the same way as SB.

2.1.5. Cooked soaked-S beans (CSSB)
Cooked soaked-S beans (CSSB) refers to beans

soaked in a solution of baking soda in tap water over-
night at room temperature (300 ml of tap water con-
taining 5.0 g of baking soda were added to 100 g of bean
seeds and soaked for 18 h at 20 �C) then drained and
dried on a paper towel and consequently cooked in
fresh tap water (volume ratio beans to water being 1–6)
boiling in a covered pot (98–100 �C) until they became
suitable for consumption (approx. 40 min). Cooked
seeds were drained, and treated in the same way as SB.

2.1.6. Cooked nonsoaked beans (CNSB)
Cooked nonsoaked beans (CNSB) refers to nonsoaked

beans directly cooked in boiling water until they became
suitable to consumption. Nonsoaked beans (50 g) were
cooked in 400 ml of tap water boiling in a covered pot
(98–100 �C) until they became suitable for consumption
(approx. 2 h). Cooked seeds were drained, and treated
in the same way as SB;

2.1.7. Canned beans
Canned beans (CnB) refers to beans directly from a

commercial can, which have been drained, and treated
in the same way as SB. .

2.2. Chemical assessment of parameters

Beside water content’ (which is indispensible for eva-
luation of results) the following categories of dietary
fibre have been determined: insoluble dietary fibre con-
tent (IDF) (which was additionally modified for the
resistant starch (RS) in it) and soluble dietary fibre
content (SDF). The sum of soluble and insoluble dietary
fibre fractions (IDF+SDF) is referred to as total diet-
ary fibre content (TDF).
Water content was determined according to AOAC

(1999) by drying the samples to constant weight at 95–
100 �C.
Dietary fibre content (DF) was determined by an

enzyme-gravimetric method according to Prosky et al.
(1988). The method gives the sum of insoluble (IDF) and
soluble dietary fibre (SDF) contents. The fraction of
insoluble dietary fibre (IDF) has been corrected for the
content of resistant starch (RS) which has been deter-
mined as the part of total starch in insoluble dietary fibre
(IDF) as proposed by Champ (1992). The suitability of
the methods has been extensively reviewed by Asp (1995).
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2.3. Statistical analysis

The data were statistically analyzed using the GLM
procedure in the SAS statistical program (SAS, 1990).
The following model was used:

Yijk ¼ �þ Si þ Rj þDk þ eijk

Yijk=observation, �=general mean, Si=effect of
samples (i=1,2,3,4,5,6,7), Rj=effect of repetitions
( j=1,2,3,4,5,6), Dk=effect of determinations (k=1,2,3,4),
eijk=residual random term with variance �

2
enf>.

Least square means for experimental groups were
obtained using the LSM procedure (SAS, 1990) and
were compared at the 5% probability level.

3. Results and discussion

Water, SDF, IDF, TDF, RS, and corrected IDF and
TDF in raw beans and in six samples of processed beans
are presented in Table 1. Processing of beans sig-
nificantly affected (P40.001) all the parameters ana-
lyzed, except water content (P40.01). These results
confirmed previous findings by different authors (Aman
& Westerlund, 1996; Almazan & Zhou, 1995; Asp, 1995;
Prosky et al., 1988).
Raw beans contained 11.3 g water in 100 g. The water

content changed significantly due to soaking and cook-
ing (Table 1). Most water was absorbed during soaking
(46.2 g/100 g for SB and 45.8 g/100 g for SSB). Additional
absorption took place during cooking (5.6 g/100 g for
CSB and 8.9 g/100 g for CSSB). Compared to nonsoaked

beans (49.2 g of water per 100 g of sample), both soaked
cooked beans samples absorbed significantly more
water (51.8 and 54.7 g/100 g). The water content was the
highest in canned beans (73.9 g/100 g). Generally, final
water content of beans was significantly affected by
processing and treatment (P40.01).
Table 1 also indicates that soaking of the beans

increased the SDF content. The highest value of SDF
was determined in SSB (6.0 g/100 g). Cooking of soaked
beans decreased the SDF, the same being true for can-
ning. The lowest content of SDF was determined in
CnB (2.3 g/100 g) and CSSB (2.7 g/100 g). Both differed
significantly (P40.05) from all other samples as is evi-
dent from Table 2.
IDF content of the beans decreased during soaking,

from 19.8 g/100 g in RB to 15.2 g/100 g in SB and 13.8
g/100 g in SSB. However, the IDF content was slightly
higher in cooked beans i.e. 16.7 g/100 g in CNSB and
18.2 g/100 g in CSSB. In IDF content, CSB, CNSB and
CnB differed significantly (P40.05) from other samples
(Table 2).
Similar observations are true for the TDF content.

The highest value of TDF was determined in RB (23.3
g/100 g), while all processed beans contained less TDF
from 19.5 g/100 g in CnB to 22.6 g/l00 g in CNSB). It is
evident from Table 2 that both soaked samples and CnB
differed from CSSB and also from CSB and CNSB.
The RS content was the highest for RB (9.1 g/100 g),

which may account for its high IDF content. It is prob-
able that the major part of RS is the inaccessible starch
in the cells which suffered no damage during the grind-
ing of beans. Soaking decreased the RS content to 3.1 g/
100 g in SB and to 2.9 g/100 g in SSB, but cooking

Table 1

Water, soluble dietary fibre (SDF), insoluble dietary fibre (IDF), total dietary fibre (TDF), resistant starch (RS), corrected IDF and corrected TDF

in raw and processed beans (g/100 g dry matter except for water which is g/100 g as is)

Samples Watera SDFb IDFb TDFb RSa Corrected IDFb,c Corrected TDFc,d

RB 11.3�0.7 3.5�2.0 19.8�1.4 23.3�1.5 9.1�2.6 10.7�3,0 14.2�3.2

Processed samples

SB 57.5�0.6 4.9�1.1 15.2�1.8 20.1�1.9 3.1�1.2 12.1�2.3 17.0�2.7

SSB 57.1�1.0 6.0�1.1 13.8�2.0 19.8�1.7 2.9�0.9 10.9�1.9 16.9�1.8

CSB 63.1�0.6 4.7�3.4 17.5�1.9 22.2�2.4 5.7�1.2 11.8�1.6 16.5�2.9

CSSB 66.0�3.9 2.7�1.8 18.2�1.3 20.9�2.0 7.4�1.6 10.8�2.1 13.5�2.6

CNSB 60.5�1,1 5.9�2.5 16.7�2.3 22.6�2.9 5.4�1.5 11.3�2.7 17.2�2.9

CnB 73.9�0.8 2.3�0.9 17.2�1.7 19.5�2.2 7.8�2.1 9.4�1.6 11.7�1.6

Analysis of variance

Processing among all samples P40.001 P40.001 P40.001 P40.001 P40.001 P40.001 P40.001
Processing among processed samples P40.01 P40.001 P40.001 P40.001 P40.001 P40.001 P40.001

SB, soaked beans; SSB, soaked-S beans; CSB, cooked soaked beans; CSSB, cooked soaked-S beans; CNSB, cooked nonsoaked beans; CnB,

canned beans.
a Mean�S.D. for six repetitions in two determinations.
b Mean�S.D. for six repetitions in four determinations.
c Corrected IDF=IDF �RS.
d Corrected TDF=SDF+IDF �RS.
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increased it. The highest values were determined in
CSSB (7.4 g/100 g) and CnB (7.8 g/100 g). According to
Aman and Westerlund (1996) and Raben et al. (1994)
the increase of RS content after cooking is a con-
sequence of starch retrogradation after gelatinization.
According to the results in Table 2, there were three
groups of processed beans which differed statistically
significantly in RS content.
By subtraction the content of RS from the IDF con-

tent, the corrected values for IDF and TDF were cal-
culated and are presented in the last two columns of
Table 1. The corrected values showed a 54.0�79.6%
decrease in IDF and a 60.0�85.4% decrease in TDF.
The differences among processed samples were sig-
nificant (P40.05; Table 2).
In Table 3, the portion of RS in IDF and the portion

of SDF and IDF in TDF, before and after correction
with RS, are presented. Processing methods affected the

portion of RS and also the ratio of SDF to IDF in
TDF. A relatively high content of RS (more than 20%)
was observed. In all thermally processed beans the
values ranged from 32.3% (in CNSB) to 45.3% (in
CnB). These results can best be explained by the argu-
ments of Tovar (1992), who emphasized that all legume
starches are characterized by high amylose content,
generally above 29%. The amylose fraction of starch
undergoes an irreversible swelling during soaking and
heating in water, leading to disappearance of structural
order; the process is known as gelatinization. According
to Aman and Westerlund (1996) and Raben et al.
(1994), thc increase of the RS content is a consequence
of starch gelatinization during heating and its retro-
gradation after cooling.
The IDF fraction formed the majority of TDF and

ranged from 69.7% (in SSB) to 88.2% (in CnB), while
the fraction of SDF ranged from 11.8% in CnB to
30.3% (in SSB; Table 3). These results agree with data
of Su and Chang (1995) who reported that the IDF
fraction in raw dry beans is 72�90% of the TDF. From
the nutrition point of view, only thermally processed
beans are important, because the beans are never eaten
raw or soaked. The ratios of soluble fraction in these
samples were from 11.8% (in CnB) to 26.1% (in
CNSB). The value for CNSB is within the range of SDF
in food products recommended by Prosky and DeVries
(1991). According to them, the TDF intake should
contain approximately one third of SDF. In the CNSB,
the SDF/TDF ratio was 1/3. Therefore, to maintain a
high SDF in cooked beans, we should avoid soaking
before cooking.
If RS is not considered a part of IDF, the portion of

SDF after correction is higher (Table 3): approximately
4.8% in both soaked beans and 7.6% in thermally trea-
ted beans. The increase in the soluble fraction is higher
for the samples with higher RS contents. For thermally
treated samples, the average ratio of SDF to IDF is
close to the recommended value for food products.

Table 2

Least square means and standard errors for SDF, RS and corrected IDF and TDF in processed beans (g/100 g dry matter)

Processed samples SDF IDF TDF RS Corrected IDFa Corrected TDFb

LSM SEM LSM SEM LSM SEM LSM SEM LSM SEM LSM SEM

SB 4.9a 0.6 15.2c 0.3 20.1c 0.4 3.1c 0.4 12.1a 0.4 17.0a 0.5

SSB 6.0a 0.6 13.8d 0.3 19.8c 0.4 2.9c 0.4 10.9b 0.4 16.9a 0.5

CSB 4.7a 0.6 17.5b 0.3 22.2a 0.4 5.7b 0.4 11.8b 0.4 16.5a 0.5

CSSB 2.7b 0.6 18.2a 0.3 20.9b 0.4 7.4a 0.4 10.8b 0.4 13.5b 0.5

CNSB 5.9a 0.6 16.7b 0.3 22.6a 0.4 5.4b 0.4 11.3b 0.4 17.2a 0.5

CnB 2.3b 0.6 17.2b 0.3 19.5c 0.4 7.8a 0.4 9.4c 0.4 11.7c 0.5

LSM, least square means; SEM, standard error; SB, soaked beans; SSB, soaked-S beans; CSB, cooked soaked beans; CSSB, cooked soaked-S

beans; CNSB, cooked non-soaked beans; CnB, canned beans. Values in the same column, followed by different letters, are significantly different

(P<0.05).
a Corrected IDF=IDF �RS.
b Corrected TDF=SDF + IDF �RS.

Table 3

Resistant starch (RS), soluble dietary fibre (SDF) and insoluble diet-

ary fibre (IDF) before and after correction with RS in raw and pro-

cessed beans

Samples RSa Before correctionb After correctionb

SDF IDF SDF IDF

RB 46.0 25.0 85.0 24.6 71.4

Processed beans

SB 20.4 24.4 75.6 28.8 71.2

SSB 21.0 30.3 69.7. 35.5 64.5

CSB 32.6 21.2 78.8 28.5 71.5

CSSB 40.7 12.9 87.1 20.0 80.0

CNSB 32.3 26.1 73.9 34.3 65.7

CnB 45.3 11.8 88.2 19.7 80.3

SB, Soaked beans; SSB, soaked-S beans; CSB, cooked soaked

beans; CSSB, cooked soaked-S beans; CNSB, cooked nonsoaked

beans; CnB, canned beans.
a % in IDF.
b 9% in TDF.
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4. Conclusions

Processing, cooking, and pretreatment of pinto beans
resulted in significantly (P40.001) different water,
TDF, SDF, IDF, and RS contents.
Considerable decreases of IDF and, consequently,

TDF contents for all thermally processed samples, were
observed.
Processing (soaking and cooking) significantly increa-

ses the resistant starch content (P40.05).
Among treatments studied, cooked nonsoaked beans

are the most interesting from the nutritional point of
view (34.6% of SDF in TDF is a value very close to the
recommendation by Prosky et al., 1988).
Changes observed in dietary fibre content due to

thermal processing of beans are very complex. The
changes depend on the type of beans, the processing
method and its duration. In addition, the results
obtained also vary with the analytical method applied.
For foods that are not eaten raw, such as beans, the

data on dietary fibre content of cooked (processed)
foods are much more relevant than those of raw foods.
Thus food composition tables should contain as much
data on cooked (processed) foods as possible.
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