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The effects of the commonly used processing techniques of soaking (at different pH values) and
cooking on the digestive and nutritive utilization of calcium, phosphorus, and magnesium from common
beans (Phaseolus vulgaris L.) were studied. Before the cooking step, the beans were soaked in
solutions of acid (2.6 and 5.3) or basic (8.4) pH. Chemical and biological methods were used to
determine nutritional parameters in growing rats, and the fiber content of the beans was established.
As the pH of the soaking solution increased, so did mineral absorption and the apparent digestibility
coefficient, which reached suitable values for growing rats, due to the reduced losses of soluble
minerals and the increased food intake. Metabolic utilization also improved with increased pH of the
soaking solution, although the values were, in general, low as a result of urinary losses under the
experimental conditions. For the experimental period of 10 days, the femur and the muscle seem to
be good metabolic indicators for calcium, but not for phosphorus or magnesium. The increased amount
of cellulose in the soaked seed did not have a negative effect on the digestive utilization of minerals.
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INTRODUCTION

Due to the relationship between a diet low in dietary fiber
and the development of illnesses such as hypertension, arterio-
sclerosis, and diabetes, an increase in the intake of complex
carbohydrates and dietary fiber is recommended for diets in the
West. The role played by fiber in influencing mineral bio-
availability, however, has yet to be clarified (1, 2).

The common bean (PhaseolusVulgaris L.) contains high
levels of minerals and fiber and is the third most widely
consumed legume in Spain (3). Mineral bioavailability, however,
is influenced directly or indirectly by other components of the
legume such as protein (4-6), phytic acid (7), antinutritive
factors (8), other minerals (2,9), and fiber (10). In fact, the
traditionally accepted capacity of dietary fiber to bind polyvalent
mineral ions may also have a negative effect on the bioavail-
ability of some nutrients, fundamentally mineral elements, and
thus modify the balance of these cations. Moreover, the
processing stage, which is necessary before the legume can be
consumed, affects the above-mentioned factors, and so the

bioavailability of minerals may be enhanced or reduced (1, 11-
15), varying depending on the techniques and experimental
conditions (15-18).

The mineral content and nutritional value of bean seeds,
together with the effects of processing, have been investigated
in detail (7, 19,20). However, recent work has brought to light
the importance of the pH of the soaking or cooking solution, in
view of the effect of pH on other seed components such as
antinutritional factors (21), protein (22), starch (23,24), and
fiber (15,25), because modifications in these factors may affect
the nutritive utilization of legume minerals. In addition, as occurs
with protein, mineral solubility varies under different pH
conditions, and this might be a major cause of the poor
digestibility of this legume (26-28).

The present study was designed to evaluate how the pH of
the soaking solution, a processing technique applied before the
legume is cooked, affects the nutritive quality of the main
minerals in a common bean grown in southern Spain. The pH
values tested were chosen to reproduce, as closely as possible,
the methods commonly used in Spanish homes: soaking in
water alone, in water with bicarbonate (baking soda), or in water
with citric acid (lemon juice). The aim of the study was to
determine whether adequate soakingsa simple and cheap
processsenables beans to be prepared for consumption without
damaging their mineral quality (and possibly improving it).
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MATERIALS AND METHODS
Samples.Raw, dried common beans (R) (P. VulgarisL.) were grown

in Andalusia (southern Spain). The seeds were subjected to three
different treatments, characterized by the pH of the soaking solution:
sA, soaking in strongly acid solution (pH 2.6) and cooking; mA, soaking
in moderately acid solution (pH 5.3) and cooking; B, soaking in basic
solution (pH 8.4) and cooking.

Processing Techniques.Soaking.Raw seeds were soaked at room
temperature for 9 h in a citric acid solution (0.1%, pH 2.6), in distilled
water (pH 5.3), or in a sodium bicarbonate solution (0.07%, pH 8.4).
The seed-to-solution ratio was 1:3 (w/v). The soaking liquid was drained
off, and the seeds were blended and lyophilized.

Cooking.The soaked common beans were cooked by boiling in
distilled water for 35 min, at a seed-to-water ratio of 1:6.67 (w/v). The
cooking water was drained off, and the seeds were crushed and
lyophilized.

Analytical Techniques. The moisture content of the samples was
determined by using AOAC method 925.10 (29).

Calcium, magnesium, and phosphorus were determined in aliquots
of bean diets and the feces, femur, and longissimus dorsi muscle from
rats, reduced to ash in a muffle furnace at 450°C, and then dissolved
in 6 N HCl for analysis. Urine samples were measured as such.
Lanthanum chloride (1-0.1%) was added to avoid interferences during
the analysis. The magnesium and calcium content was measured by
atomic absorption spectrometry (Perkin-Elmer 1100-B apparatus).
Inorganic phosphorus was determined by visible spectrophotometry with
the colorimetric technique of Fiske and Subbarow (30).

The method of Van Soest and Wine (31) as modified by McQueen
and Nicholson (32) was used to determine neutral detergent fiber (NDF),
cellulose (CL), hemicellulose (HMC), and lignin (LN). To remove
starch, the samples were incubated overnight with a solution of 0.5%
bacterialR-amylase (33).

Biological Methods.Experimental Design and Diet.For nutritional
evaluation, a biological balance technique was used, by which food
intake and changes in body weight were recorded, and the intake and
the fecal and urinary excretion of minerals (calcium, magnesium, and
phosphorus) were calculated.

Three experiments were carried out, in which processed common
beans were the only source of food, provided to the following groups:
sA, beans soaked in strongly acid solution and cooked; mA, beans
soaked in moderately acid solution and cooked; and B, beans soaked
in basic solution and cooked. Each experiment lasted 10 days. The
diet and demineralized water (Milli-Q, Ultrapure Water System,
Millipore, Bedfore, MA) were available ad libitum throughout the
experimental period. During the first 3 days the rats were allowed to
adapt to the diet and experimental conditions, and the main experimental
period comprised the next 7 days, during which body weight and food
intake were recorded and feces and urine were collected for subsequent
analysis. Feces were dried, weighed, and homogenized. Urine was
collected on 0.5% HCl (v/v), filtered (Whatman filter paper no. 40,
Whatman, Maidstone, U.K.,) and diluted.

The diets had a protein content of 211.2-214.2 g kg-1 (dry matter
basis), which was not significantly modified by the processing method
used (22).

Animals.In each experiment 10 young albino Wistar rats were used
(5 males, 5 females), bred by the University of Granada Animal Services
Laboratory. The growing animals (recently weaned), with an initial
body weight of 54.39( 0.18 g, were housed in individual metabolic
cages kept in a thermoregulated room (22( 1 °C) with a controlled
12-h light/dark period (lights on at 9:00 a.m.).

Biological Indices.The following indices and parameters were
determined for each group, according to the formulas given below:
apparent digestibility coefficient (ADC) (eq 1); retention (balance) (eq
2), and percent retention/absorption (% R/A) (eq 3), for calcium,
magnesium, and phosphorus:

In accordance with the formulas recommended by the National Research
Council (34), the factors used wereI (mineral intake),F (fecal mineral),
andU (urinary mineral). Mineral intakes are expressed as milligrams
per rat per day.

Statistical Methods.Data were tested statistically by one-way analysis
of variance (ANOVA) using Statgraphic Statistical Graphics 2.1 System
software (Statistical Graphics Corp., Rockville, MD) with an IBM
Personal System/2 model 20 computer. Comparisons between the means
were determined by Duncan’s multiple-range test. Differences were
considered to be significant whenP < 0.05.

RESULTS

Chemical Analysis. Table 1 gives the values for ash,
calcium, phosphorus, and magnesium content in the raw and
processed beans diets and also the percentage lost due to
processing. Raw bean contained 1.65 g of calcium, 3.85 g of
phosphorus, and 1.62 g of magnesium/kg of sample. Soaking
followed by cooking decreased the mineral content by 2.5-
16% for calcium, by 9-16% for phosphorus, and by 18-27%
for magnesium. In general, mineral loss fell as the pH of the
soaking solution increased.

Table 2 shows the fiber content (NDF, CL, HMC, and LN)
of raw and processed beans. Raw beans contained 23% NDF;
most of this amount (10.6%) was HMC. Soaking followed by
cooking significantly decreased the HMC content and increased
that of CL. Lignin was not significantly affected by any of the
treatments.

Biological Analysis.Biological Analysis of Calcium.Calcium
intake increased significantly as the pH of the soaking solution
rose. The digestive utilization of calcium, calculated as ADC
(Table 3), also improved, and differences between the highest
and lowest pH values were statistically significant.

Calcium retention (Table 3) was generally low, although it
increased significantly with higher pH values of the soaking
solution. The metabolic utilization of calcium, assessed as the
ratio of retained to absorbed calcium (Table 3), also improved
with respect to digestive utilization, that is, as the pH of the
soaking solution rose, and differences between the highest and
lowest pH values were statistically significant.

Biological Analysis of Phosphorus.Phosphorus intake was
significantly greater among the animals given the diet that was

Table 1. Composition of Ash, Calcium, Phosphorus, and Magnesium
in Raw and Processed Beans in Dry Matter and Loss (Percent with
Respect to Raw State) Caused by Processing

asha calciuma phosphorusa magnesiuma

diet
%

diet
%

loss
mg/100 g

of diet
%

loss
mg/100 g

of diet
%

loss
mg/100 g

of diet
%

loss

Rb 4.15 165.5 384.6 161.7
sA 2.96 28.7 139.0 15.8 326.7 15.1 117.8 27.2
mA 2.97 28.4 155.8 5.5 322.6 16.1 121.0 25.3
B 3.22 22.4 161.4 2.4 349.2 9.4 133.0 17.9

a Values are means ± SEM from five replications. Standard errors ranged from
±0.01 to ±0.001. b R, raw beans.

Table 2. Composition of Fiber in Raw and Processed Beans in Dry
Matter (Grams per 100 g of Diet)

diet NDF CL HMC LN

Ra 22.59 ± 0.52 6.22 ± 0.57 10.62 ± 0.92 5.76 ± 0.37
sA 20.77 ± 0.25 12.60 ± 0.21 2.21 ± 0.71 5.96 ± 0.16
mA 21.86 ± 0.02 14.50 ± 0.15 2.53 ± 0.05 4.83 ± 0.24
B 24.40 ± 0.62 16.10 ± 0.10 2.13 ± 0.40 6.17 ± 0.65

a R, raw beans. Values are means ± SEM from five replications

ADC ) [(I - F)/I] × 100 (1)

balance) I - (F + U) (2)

% R/A ) {[I - (F + U)]/(I - F)} × 100 (3)
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soaked in a basic solution (B) (Table 4) with respect to those
consuming the diets based on soaking in an acid solution (sA
and mA). The digestive utilization of phosphorus, assessed as
the ADC, was highest for the mA group, although this was only
statistically significant with respect to the other acid medium
(sA).

Total phosphorus retention (Table 4) significantly improved
for group B, and there were no differences between the two
groups with acid media. However, expressing metabolic utiliza-
tion as the percentage of amount retained with respect to that
absorbed, the basic medium (B) was significantly better than
only the most acid group (sA); this was also true for calcium.

Biological Analysis of Magnesium.Magnesium intake (Table
5) increased significantly as the pH of the soaking solution rose.
The digestive utilization of magnesium, calculated as the ADC,
was very low for the sA group, but was spectacularly higher in
the other two groups, with a higher pH.

Magnesium retention (Table 5) was negative in all experi-
mental groups.

Mineral Content in Femur and Muscle.No significant
differences were found in muscle ash content between the
animals given the three experimental bean diets (Table 6); nor
were there any significant differences in the calcium and
magnesium contents. The only difference was for phosphorus,
the mA group presenting higher values than the other two
groups.

The femur (Table 6) of the animals in group sA had a muscle
ash content and levels of phosphorus that were significantly

lower than those of the other two groups. However, the mA
group presented lower levels of calcium than the other two
groups, whereas the magnesium contents in the femur were the
same in all three groups.

DISCUSSION

Chemical Analyses.The mineral (calcium, phosphorus, and
magnesium) and ash contents of the raw bean variety examined
in this study were within the ranges reported by other Spanish
researchers (35-37). Soaking followed by cooking, as expected,
reduced the ash content, due to solubilization. Mineral losses
were reduced as the pH of the soaking solution increased, on
the contrary to what happens when the chickpea (Cicer
arietinum L.) is processed in the same way (15, 38). This
interesting protective effect against mineral loss, when beans
are soaked at higher pH values, was previously observed by
Minka et al. (39), who studied the effects of cooking the beans
in an alkaline medium and found reduced losses of soluble
compounds in the cooking medium.

The largest mineral losses in quantitative terms were of
magnesium, although the quantity retained by the seed is still
very high, and so the bean that is processed in this way may
still be considered an excellent source of magnesium. Of the
minerals studied, calcium was most retained within the soaked
seed, and the amount lost in the basic solution was insignificant.

The fiber content of the bean variety assayed in this study
was within the range reported by other authors for various
varieties grown in Spain (37, 40). Soaking followed by cooking
decreased HMC due to solubilization, regardless of the pH
employed. However, the increase in CL varied depending on
the pH; it was higher with a basic pH, which is of great
biological importance, as discussed below, and implies a greater
consumption of insoluble fiber by the animals given the B diet.
Values of LN were not significantly affected by processing.

Biological Analysis of Calcium. Calcium intake increased
significantly as the pH of the soaking solution rose. This
correlated positively with the animals’ food intake and with the
calcium content of the beans consumed. Both the diet consumed
and its calcium content (Table 1) increased as the pH of the
soaking solution rose. Thus, the rats given the beans soaked in
a very acid solution (sA), a moderately acid solution (mA), or
a basic solution (B) consumed, respectively, 6.8( 0.17, 7.16
( 0.17, and 7.71( 0.21 mg/rat/day of dry substance (22).

The quantity of calcium consumed and absorbed, in absolute
values, by the rats given the three types of bean assayed did
not meet the nutritional requirements of growing rats (34).
Nevertheless, in the present study CDA values for calcium were
close to the 84% found with the standard caseine-methionine
diet (41), and so the absorption of calcium with the bean diets
may be considered to be sufficient, under our experimental
conditions. This result is due to the fact that the processing of
the legume modifies other components that affect calcium
absorption. Thus, the improvement in the protein quality of the
bean by soaking the seed in a basic pH solution (22) favors
calcium absorption (5). Moreover, as the pH of the soaking
solution increases, less soluble calcium is lost, and digestive
and metabolic utilization of the mineral improve, as described
by Kaup et al. (42).

Under our experimental conditions, the greater intake of
cellulose in the diet did not affect calcium absorption, as the
two values rose with increased pH of the soaking solution, and
so processing the legume in this way is of considerable
nutritional interest. Previously, it was assumed that fiber
negatively affected calcium balance, either by physical entrap-

Table 3. Digestive and Metabolic Utilization of Calcium from
Processed Beansa

group
Ca intake

(mg/rat/day)
absorbed Ca
(mg/rat/day) ADC balance % R/A

sA 9.45 ± 0.23 5.22 ± 0.90 54.54 ± 9.07a 4.01 ± 0.82 68.07 ± 8.12a
mA 11.15 ± 0.23 7.68 ± 0.36 72.68 ± 4.57ab 6.38 ± 0.33 84.08 ± 1.44ab
B 12.44 ± 0.34 9.74 ± 0.69 78.38 ± 5.23b 8.53 ± 0.87 85.94 ± 4.65b

a Balance ) Ca intake − (fecal Ca + urinary Ca); % R/A ) [balance/(Ca intake
− fecal Ca] × 100. The same letter in the same column indicates no significant
differences (P < 0.05). Values are means ± SEM of 10 Wistar rats.

Table 4. Digestive and Metabolic Utilization of Phosphorus from
Processed Beansa

group
P intake

(mg/rat/day)
absorbed P
(mg/rat/day) ADC balance % R/A

sA 21.90 ± 0.60a 15.20 ± 0.20 69.23 ± 1.69a 7.63 ± 0.80a 68.07 ± 8.12a
mA 23.09 ± 0.55a 17.17 ± 0.24 74.40 ± 0.64b 7.49 ± 0.36a 83.08 ± 1.44ab
B 26.92 ± 0.74 19.30 ± 1.71 71.87 ± 1.60ab 9.40 ± 0.36 85.94 ± 4.65b

a Balance ) P intake − (fecal P + urinary P); % R/A ) [balance/(P intake −
fecal P] × 100. The same letter in the same column indicates no significant
differences (P < 0.05). Values are means ± SEM of 10 Wistar rats.

Table 5. Digestive and Metabolic Utilization of Magnesium from
Processed Beansa

group
Mg intake

(mg/rat/day)
absorbed Mg
(mg/rat/day) ADC balance

sA 7.96 ± 0.63 1.02 ± 0.20 12.47 ± 4.13
mA 8.67 ± 0.65 2.60 ± 0.21a 30.31 ± 3.64a
B 10.26 ± 0.89 3.55 ± 0.28a 34.80 ± 3.73a

a Balance ) Mg intake − (fecal Mg + urinary Mg); % R/A ) [balance/(Mg
intake − fecal Mg] × 100. The same letter in the same column indicates no
significant differences (P < 0.05). Values are means ± SEM of 10 Wistar rats.
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ment or by cationic binding with uronic acid residues (43);
however, it is more likely that the phytic acid associated with
fiber-rich products such as beans is the component that affects
calcium absorption (44). In almost all of the studies made of
single sources of fiber, such as cellulose, no harmful effects on
mineral balance were found (1,10). Furthermore, during
digestion, inositol hexaphosphate [which accounts for 90% of
the total phytic acid in legumes (45)] is transformed into
inorganic phosphorus and inositols, which contain fewer
phosphate groups because of the action of phytase in the legume
itself (45-48) and that of endogenous phytase in the rat (47).
This fact, which has been confirmed with other legumes
processed in the same way (38,49), could explain the absence
of the chelating effect of phytic acid on bean calcium, under
our experimental conditions.

The metabolic utilization of bean calcium as a function of
the calcium balance (Table 3) was low because of the rates of
urinary excretion and net absorption of the cation. However,
there was a high correlation between calcium absorption and
retention, which indicates that calcium levels are fundamentally
regulated in the digestive tract. High concentrations of para-
thyroid hormone (as a result of the low calcium intake) probably
increase calcium retention in a manner directly proportional to
calcium absorption.

Biological Analysis of Phosphorus.Phosphorus intake
(Table 4) was significantly higher among the animals that
consumed diet B than among those given the two acid media
(sA and mA). This is explained, as with calcium, by the greater
food intake by the animals in group B (22), together with the
higher phosphorus content of this diet (Table 1).

The digestive utilization of phosphorus, assessed as the ADC
(Table 4), was in general acceptable for growing rats. It was
significantly better with the moderately acid pH (mA) than with
the strongly acid solution (sA), despite the fact that the food
intake of the two groups was not significantly different. This
improvement might be because the pH used in the mA diet (5.6)
has been described as optimum for the activity of the phytase
in the legume (45-48), and so the phytase (as described above)
affected the availability of the anion, derived from phytic acid,
in the intestinal lumen and thus produced a greater amount of
absorbable phosphorus.

Phosphorus retention (Table 4), estimated as a function of
the balance, was very low. The homeostatic regulation of the
phosphorus metabolism is known to involve variations in food
intake and renal excretion. Under our experimental conditions,
the high rate of urinary excretion (because of the low calcium
retention) and the relatively low rate of phosphorus absorption
led to a lower metabolic utilization of phosphorus. This balance
significantly improved with the B diet, probably because of the
better metabolic utilization of calcium by this group. As with
calcium, a strong correlation was observed between phosphorus
absorption and retention.

Biological Analysis of Magnesium.In all three diets tested,
the magnesium content remained above the level required for

growing rats (40 mg/100 g of diet) (34) despite the losses in
mineral content caused by processing. Magnesium intake
increases with higher pH of the soaking medium, as does that
of calcium, due to the greater food intake (22) and the reduced
loss of the cation from the seed.

The digestive utilization of magnesium, expressed as the ADC
(Table 5) was very low for all assayed diets, despite the
substantial improvement obtained by the mA and B diets with
respect to the sA diet. This was expected in view of the high
magnesium intakes of the diets, 20-40% higher than the intake
with a standard caseine-methionine diet (41). This effect was
previously observed in other magnesium-rich legumes (15,50).
The lower protein quality in the bean diets (22) may also
contribute to the lesser digestive utilization of the magnesium
(4), which would explain the worse ADC values obtained for
the sA diet, in which the excess of magnesium was reduced
but in which the protein quality was worse. Moreover, the
vitamin D deficiency in the bean (40) would be expected to
reduce the active transport of magnesium (51) and thus produce
lower absorption of the mineral.

Despite the low ADC for magnesium in growing rats fed bean
diets, net magnesium absorption was high, and in the case of
the mA and B diets it exceeded the 1.91( 0.22 mg/rat/day of
magnesium absorbed with a caseine-methionine diet (50). The
quantity of magnesium absorbed depends both on its concentra-
tion in the diet and on the presence of other nutritional
ingredients (favoring or inhibiting the process) (2). The large
amount of magnesium absorbed in the case of the beans assayed
in this study, despite the low digestive utilization, was due to
the fact that a high quantity was consumed (52). Because the
bean diet consumed by the rats is calcium-deficient, there is no
interaction between calcium and magnesium at the digestive
level, which favors absorption of the latter (9).

Under our experimental conditions, the fecal excretion of
magnesium bore no relation to the intake of fiber, whether HMC
or CL, as was also seen with calcium.

Despite the high net absorption of magnesium in bean diets,
the high rate of urinary excretion led to a negative magnesium
balance (Table 5), and so the kidneys play an essential role in
the homeostasis of magnesium. Thus, a high intake of magne-
sium not only reduces its digestive absorption but also increases
its urinary excretion (2,53). Moreover, the low protein quality
of the beans assayed (22) raised proteinuria and inhibited the
tubular reabsorption of the cation, thus increasing urinary losses
of the latter (6).

Fecal Excretion.Interestingly, the increase in fiber consump-
tion (mainly cellulose) observed as the pH of the soaking
medium rose, which was a consequence of the increase in food
intake together with the higher quantity of fiber in the diet, did
not give rise to greater fecal excretion; there were no significant
differences among the weights of the feces (mg/rat/day, dry
substance) (Table 5) in the three diets tested. This was because
the fecal mass of the groups that consumed less fiber (mA and,
especially, sA) contained, in addition to this fiber, the remains

Table 6. Calcium, Phosphorus, and Magnesium Content in Muscle (Longissimus Dorsi) and Bone (Femur)a

muscle bone

group mg of ash/g
mg of Ca/g

of ash
mg of P/g

of ash
mg of Mg/g

of ash mg of ash/g
mg of Ca/g

of ash
mg of P/g

of ash
mg of Mg/g

of ash

sA 58.78 ± 1.15a 13.00 ± 2.70a 155.99 ± 8.42a 19.42 ± 1.09a 387.39 ± 8.93 364.67 ± 4.59a 159.50 ± 17.57 8.57 ± 0.35a
mA 56.10 ± 0.74a 7.38 ± 2.16a 167.88 ± 5.31 19.23 ± 0.45a 415.22 ± 7.82a 338.67 ± 9.17 179.19 ± 11.56a 8.34 ± 0.61a
B 57.37 ± 0.77a 6.97 ± 1.40a 156.16 ± 7.18a 18.65 ± 0.39a 412.93 ± 4.48a 381.03 ± 5.46a 176.72 ± 9.29a 8.36 ± 0.50a

a The same letter in the same column indicates no significant differences (P < 0.05). Values are means ± SEM of 10 Wistar rats.
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of nutrients (hydrocarbons and proteins) unused by the animal.
This was deduced from the worse results obtained by these
groups with regard to the nutritive utilization of the protein,
carbohydrates (22), and minerals assayed.

Mineral Content in Muscle and Femur. The total mineral
content in the muscle did not vary significantly among the three
experimental groups (Table 6). The values found for the
minerals in this organ show that, despite the balances recorded
(low for calcium and phosphorus and negative for magnesium),
muscular depletion occurred only in the case of calcium,
compared to the normal values for growing rats. This fact is of
great biological interest, confirming similar results obtained with
other legumes (15, 38). It shows the longissimus dorsi muscle
to be a good short-term metabolic indicator for calcium, although
not for phosphorus or magnesium.

As with the muscle, under our experimental conditions there
was a correlation between the low calcium balance and the low
content of this mineral in the femur, compared to the normal
values for growing rats (28). This mobilization was not found
for phosphorus or for magnesium. In the latter case, if the
experimental period had been longer than 10 days, mobilization
at the level of the muscle, and possibly of the femur, would
probably have been found, as was the case of longer experi-
mental periods with negative magnesium balances (unpublished
data).

In conclusion, soaking the bean in a basic pH solution seems
to have a protective effect regarding mineral losses (calcium,
phosphorus, and magnesium) by solubilization. Thus, the
reduced mineral loss in the soluble (more absorbable) form of
the mineral, together with its greater intake (as the content is
greater), favors the digestive utilization of the minerals.
Moreover, the increase in the cellulose in the seed does not
have a negative effect on the digestive utilization of the minerals
contained, which means the bean is a nutritionally important
food. Specifically, soaking beans in a bicarbonate salt solution
and then cooking them in fresh water can thus be recommended
to enhance the nutritional value of common beans.

ABBREVIATIONS USED

mA, soaking in moderately acid solution and cooking; sA,
soaking in strongly acid solution and cooking; B, soaking in
moderately basic solution and cooking; ADC, apparent digest-
ibility coefficient; % R/A, percent ratio of mineral retention to
mineral absorption; NDF, neutral detergent fiber; CL, cellulose;
HMC, hemicellulose; LN, lignin.
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