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Two new varieties of uncooked legumes were analysed by proximal analysis and 
biochemical methods. The ‘Montalban’ variety of black kidney beans showed 
values of protein, fat, carbohydrate and ash very similar to those of the ‘Tacar- 
igua’ variety. The application of chemical-gravimetric methods to measure acid 
detergent fibre (ADF) and neutral detergent fibre (NDF) yielded higher values of 
NDF (32.1%) for ‘Montalban’ than for ‘Tacarigua’ (15.4%), while ADF values 
were higher for ‘Tacarigua’ (14.5%) than for ‘Montalban’ (6.9%). The applica- 
tion of the Hellendoorn enzymatic-gravimetric method showed similar values of 
unavailable carbohydrate for both varieties; however, these values (21.6%) were 
higher than those previously reported for food grain legumes in the literature 
using the same method. The determination of soluble dietary fibre (SDF) yielded 
insignificant values for the ‘Tacarigua’ variety; the insoluble dietary fibre (IDF) 
was higher for the ‘Montalban’ variety (16.8%) and the total dietary fibre was 
higher for the ‘Montalban’ variety (19.9%) using the Prosky method. These dif- 
ferences could possibly be due to the higher content of SDF and to the starch 
quality of the ‘Montalban’ variety. 0 1997 Elsevier Science Ltd. All rights reserved 

INTRODUCTION 

The family of Leguminosae is distributed throughout most 
continents, occurring as 600 genera and approximately 
13 000 species. In Latin America a significant number of 
species and varieties are consumed by much of the human 
population, as they represent an inexpensive source of 
protein (Cardenas, 1986; Jaffe, 1986). In Venezuela the 
legume seeds have a high level of consumption in the order: 
Phaseolus vulgaris > Piasum sativum > Cajanus cajan. 

P. vulgaris is a herb, an annual plant, prostrate or 
erect, often climbing, with a well-developed central root, 
reaching an average of 90 cm deep and presenting 
spherical or irregular nodules. Stems are thin, twisted 
and angular; innervate leaves are alternates. Flowers are 
borne on axillary branches. Generally there are few 
flowers; colours are white, yellow, pink or violet. 

Pods are thin (7.5-20 cmx 1.0 cmx 1.5 cm), straight 
or slightly curved; borders are rounded; colour may be 
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yellow, green or deep green, sometimes spotted with 
pink or purple; the number of seeds varies from 1 to 
12. 

P. vulgaris is a polymorphic species and it has not 
been possible to classify it into subspecies. Several cul- 
tivators have divided it into five races according to its 
seed size, and approximately 500 varieties are known. 
The plant is both wild and domesticated; it has adapted 
to diverse soil types, rainfall levels, temperature and 
altitudes. 

The average world production of P. vulgaaris is 
500 kg ha-‘, although the variations from one country 
to another are often large: for the USA, the mean is 
1200 kg ha-‘, for Brazil 600 kg ha-‘, the Dominican 
Republic 400&5000 kg ha-’ and for Mexico 
450 kg ha-’ (Kay, 1979). 

The analytical methods for dietary fibre can be divi- 
ded into two types: those that measure total dietary 
fibre and are usually gravimetric, and those that quan- 
tify the various components of dietary fibre usually by 
analytical means, such as calorimetry, gas-liquid 
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chromatography, high-performance liquid chromato- 
graphy (Lanza & Butrum, 1986). 

The definition of dietary fibre (DF) as the sum of lig- 
nin and the plant polysaccharides that are not digested 
by the endogenous secretions of the human digestive 
tract (Trowel& 1976) is a physiological, not a chemical, 
definition. It covers a wide variety of chemical sub- 
stances with different physical properties as well as var- 
ious physiological effects (Kritchevsky, 1988). Although 
the total dietary fibre (TDF) method approved by the 
Association of Official Analytical Chemists (AOAC) has 
been chosen by many laboratories (Lee et al., 1992) 
there are reports of DF analysis using neutral detergent 
fibre (NDF) and acid detergent fibre (ADF) methods, 
which are often used for legume grains (Mendez et al., 
1993). 

ashed for 4 h in a muffle furnace at 525°C. The residues 
were ashed to correct for inorganic matter (Van Soest, 
1963). 

Neutral detergent method 

One gram of sample was boiled for 1 h in a sodium 
lauryl sulphate solution at neutral pH. After filtration 
the residue was washed with hot water, acetone and 
ethanol, then dried, weighed and ashed for 4 h in a 
muffle furnace at 525°C. The residues were ashed to 
correct for inorganic matter (Van Soest & Wine, 1967). 

Hellendoorn method 

In the present study the amounts of insoluble (IDF), 
soluble (SDF) and total (TDF) dietary fibre were deter- 
mined in two varieties of P. vulgaris by the method of 
Prosky et al. (1988). NDF and ADF were determined 
by the methods of Van Soest (1963), Van Soest and 
Wine (1967) and by the method of Hellendoorn et al. 
(1975). The results obtained were compared to establish 
their relative merits. 

One gram of sample suspended in 100 ml of 0.1 N HCl 
was digested with 1 mg ml-’ of pepsin (Sigma Chemical 
Co., St. Louis, MO, USA), then, after adjusting the pH 
to 6.8, it was digested with 1 mg ml-’ pancreatin 
(Sigma) according to Hellendoorn et al. (1975) with the 
following modification: instead of lyophilising the 
undigested residue (IDF), it was washed with hot water 
through a preweighed sintered glass filter Gooch cruci- 
ble under vacuum (the soluble fraction passes through) 
(Goering & Van Soest, 1970). 

MATERIALS AND METHODS Prosky method 

The seeds of two varieties of P. vulgaris labelled 
‘Tacarigua’ and ‘Montalban’ (black beans) were pur- 
chased from the National Center of Agropecuary 
Research (CENIAP), Maracay, Aragua State, Vene- 
zuela. 

Both new varieties are erect plants that belong to the 
family Leguminosae. The average seed number per pod 
is six for the ‘Tacarigua’ variety. The seed colour is 
opaque black; they are short (10.9 mmx6.7 mm) and 
have an average weight of 0.24 g per grain. The period 
from sowing to harvest is 75-80 days; the average yield 
is 1683 kg ha-’ (Ortega & Barrios, 1972). 

The seeds of ‘Montalban’ variety are opaque black, 
packed into curved pods, short (10.2 mmx6.2 mm), 
with an average weight of 0.205 g per grain. It takes 78- 
80 days from sowing to harvest, with an average yield of 
2150 kg ha-’ (Ortega et al., 1987). 

TDF was determined following sample digestion with 
thermostable a-amylase (Sigma) at pH 6.0 for 30 min at 
100°C and allowing to cool. The pH was adjusted to 7.5 
and the sample was incubated with protease VIII 
(Sigma) for 30 min at 60°C. After cooling, the sample 
was adjusted to pH 4.5 and incubated with amylo- 
glucosidase at 60°C for 30 min. All incubations were 
carried out in a boiling water bath with continuous 
shaking. A 250-ml volume of 95% ethanol preheated to 
60°C was added and the sample was allowed to pre- 
cipitate at room temperature for 60 min. Preweighed 
crucibles, containing celite previously washed with 78% 
ethanol, were used to filter the enzyme digest. The resi- 
due was washed with 78% ethanol, 95% ethanol and 
acetone. Determination of protein, ash and calculation 
of TDF was as described by Prosky et al. (1988) and the 
AOAC gravimetric method no. 955.29 (AOAC, 1990). 

The legume grains were ground in a Tecator mill 
(Multiciclon, Sweden) with a 0.5-mm screen, and then 
passed through a 60-mesh sieve. About 400 g of each 
variety were dried and stored in sealed flasks. 

Milled samples were analysed for moisture, protein, 
fat, ash and crude fibre according to standard proce- 
dures (AOAC, 1990). The factor 6.25 was used 
throughout for conversion of nitrogen to crude protein. 

Acid detergent method 

IDF was determined as described by Prosky et al. 
(1988). Briefly, preweighed crucibles containing celite, 
previously washed with water, were used to filter the 
enzyme digest; this was washed with two lo-ml portions 
of water. The filtrate and the water washings were saved 
for SDF determination. The residue was washed with 
95% ethanol and acetone, then dried in an air oven, 
cooled in a desiccator and weighed for IDF determina- 
tion. Determination of protein, ash and calculation of 
SDF were as described by Prosky et al. (1988). 

One gram of each sample was boiled for 1 h with a 
solution of cetyltrimethylammonium bromide in 1 N 
H$Oa. After filtration the residue was washed with hot 
water, acetone and alcohol, then dried, weighed and 

SDF was determined in the combined filtrate and 
washings solution from the IDF procedure as described 
above. This solution was adjusted to 100 g with water 
and precipitated with 95% ethanol preheated to 60°C. 
After filtration through a preweighed crucible containing 
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Table 1. Proximal analysis of legume (Phuseolus vulgaris) grains 

Variety Humidity Protein Fat Carbohydrate Crude fibre Ash 

‘Tacarigua’ 6.35 f 0.28 24.5 f 0.03 1.69 f 0.04 59.4Zto.7 4.03 f 0.01 4.21 f 0.02 
‘Montalban’ 8.45kO.35 24.8*0.6 1.45 f 0.07 54.2 f 0.1 7.43 f 0.2 4.01 f 0.01 

Values are averages of five determinations (each determination was done in triplicate) for each variety, and are expressed as per- 
centage ( f standard deviation) for each 100 g of dry sample. 

celite, the residue was washed successively with 78% 
ethanol, 95% ethanol and acetone. The crucible was 
dried overnight in a 105°C air oven. Determination of 
protein, ash and calculation of SDF were as described 
by Prosky et al. (1988). 

All the DF samples obtained by the chemical and 
enzymatic gravimetric methods were tested qualitatively 
for the presence of contaminating starch using iodine. 

Statistics 

Means were compared by Student’s t-test, using the 
GraphPad Instat program (GPIS, 1989). 

RESULTS AND DISCUSSION 

Table 1 shows values of the proximal analyses for the 
‘Tacarigua’ and ‘Montalban’ black beans. The protein 
values were very similar for both varieties and are com- 
parable to results reported elsewhere (Joslyn, 1970). 

The fat contents also were similar to values reported in 
the literature (Marques et al., 1990) both varieties being 
below 2%. Similarly, the values for carbohydrates and 
ash were in the range of the results reported by Joslyn 
(1970) and Leung (1970). Table 2 summarises the deter- 
mination of DF, using the method of Prosky et al. (1988). 

The addition of SDF to IDF did not reach the TDF 
values for the ‘Tacarigua’ variety. Possibly the real SDF 
content is underestimated, as Marlett et al. (1989) 
demonstrated that 25% of SDF was lost during the 
Prosky method. Similar results were found for TDF, 
SDF and IDF in four food vegetable products (non- 
legumes); i.e. the SDF+ IDF value was different from 
the TDF value (Wolters et al., 1992). 

Comparison between ‘Tacarigua’ and ‘Montalban’ 
varieties using the Prosky method showed differences 
for TDF and IDF values. However, considering the 
criticism of Marlett et al. (1989) and Wolters et al. 
(1992), it is reasonable to consider IDF as the most 
reliable value for the estimation of DF, in particular for 
the grain varieties discussed here. ‘Montalban’ has a 
higher DF content than ‘Tacarigua’. However, the 
magnitude of this difference should not be of relevance 
for human consumption of these varieties. 

Table 2 also shows the results after applying the 
methods of NDF and ADF. Those values are generally 
considered to represent IDF, where the principal com- 
ponents are cellulose and lignin for the ADF method, 
while cellulose, lignin and hemicellulose are determined 
by the NDF method. 

Table 2. Dietary fibre determination in two varieties of legume 
grains 

Dietary fibre 
method 

‘Tacarigua’ ‘Montalban’ 

TDF 17.74*0.42a 19.95 f 1.37b 
IDF 12.36*0.1a 16.85 ~k0.55~ 
SDF 0.31 ~t0.36~ 3.66 f 0.68b 
NDF 15.48& 1.94” 32.121 1.66b 
ADF 14.5* 1.66a 6.93 * 1 .66b 
Hellendoorn 20.4 f 1 .76a 21.61 f 1.5b 

Values are averages of five determinations for each variety 
(each determination was done in triplicate) and are expressed 
as percentage ( f standard deviation) for each 100 g of dry 
sample. 
Means in a row not followed by the same letter are sig- 
nificantly different (P<O.Ol). 
TDF, total dietary fibre; IDF, insoluble dietary fibre; SDF, 
soluble dietary fibre; NDF, neutral detergent fibre; ADF, acid 
detergent fibre. 

The clear difference between the two methods, NDF 
and ADF, for the same sample, suggest the presence of 
hemicellulose in NDF; however, these values were much 
higher than those reported by MCndez et al. (1993). 

Each of these methods was designed to measure DF 
depending on the amount of protein and starch present 
in each sample (Rodriguez et al., 1992). Thus NDF and 
ADF methods are useful for measuring IDF, but both 
suffer from the loss of an indefinite amount of SDF and 
incomplete removal of starch from starch-rich samples. 

Table 2 shows the results obtained by the Hellen- 
doorn method. The high contamination of IDF with 
starch, and perhaps proteins, is evident. Hellendoorn 
considered that the protein and starch in the indigestible 
residues should be considered indigestible in vivo. 

The comparison between both varieties using NDF 
showed a higher content of IDF for the ‘Montalban’ 
variety, which contrasts significantly with the results 
found for the two varieties using the Prosky method, as 
described above. Interestingly, a similar comparison 
could be done for the ‘Tacarigua’ variety, which pre- 
sented a NDF value (assuming it is IDF) 3.1% higher 
than the IDF value from the Prosky method. This dif- 
ference between the IDF values is significantly below 
the 19.5% difference found for the ‘Montalban’ variety 
using a similar comparison. The explanation for this 
quantitative difference is not clear. Some investigators 
have modified the NDF by digesting previously with 
amylase and then applying the standard determination 
of NDF (Rivera et al., 1993; Wolters et al., 1992). 
Enzymes were not applied for NDF determinations, 
which suggests that this difference might be due to the 
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starch quality of the ‘Montalban’ variety. This hypoth- 
esis seems to be supported by the ADF results, which 
yielded a difference of 7.57% when the two varieties 
were compared, favouring the ‘Tacarigua’ variety, but 
this assumption is not supported by the difference 
between ADF and IDF values by the Prosky method 
for the ‘Montalban’ variety which is 10.7% higher for 
IDF. No conclusion on the low ADF value for ‘Mon- 
talban’ can be drawn at present, since it is not known if 
there is physically inaccessible starch (for enzyme diges- 
tion) which could be hydrolysed by sulphuric acid. 
Some other studies on legume seeds have demonstrated 
that starch in instant flakes prepared from white beans 
is slowly digested in vivo (Tappy et al., 1986). Further 
studies are being carried out to measure DF after boil- 
ing these beans, to measure pectin and probably other 
non-starch polysaccharides as part of SDF. 
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