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Increase in digestive organs of rats due to the ingestion
of dietary fiber with similar solubility to that of common bean
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SUMMARY. The aim of the present work is to study the effect of
dietary dietary fiber of similar solubility to that of the cooked com-
mon bean in the increase of the small intestine, liver, and pancreas of
rats. Recently weaned male Wistar rats were fed  ad libitum bal-
anced diets containing cooked common bean (12.9% of dietary fiber
plus resistant starch) or casein with 5.0% (control group), 10.0%,
12.5% or 15.0% of dietary fiber plus resistant starch added, with the
same proportions of  insoluble and soluble fibers and resistant starch
found in bean (8:3:1) for 14 days. Weight gain and diet intake were
smaller in the group fed the cooked bean diet. However, this group
showed the highest increase in the studied organs. Rats that ingested
the diet containing casein with 15.0% of dietary fiber added showed
a growth of 21.4% in the pancreas. Rats fed other casein diets did
not show significant differences (p>0.05). The diet containing the
cooked common bean led to weight gain of all studied organs (50.0%
in the pancreas, 25.0% in the liver and 33.4% in the small intestine)
and an increase of 47.1% in the small intestine length. Therefore,
dietary fiber plus resistant starch had a trophic effect on digestive
organs, although they were not the only stimulation factor, because
the cooked bean has other chemical components, like phytates and
tannins, that probably contribute to that effect.
Key words: Casein, common bean, dietary fiber, digestive organs,
rats.

RESUMEN. Incremento en órganos digestivos de ratas debido a
la ingestión de fibra dietética de solubilidad similar al del frijol
común.  Ratas Wistar machos recién destetados fueron alimentados
ad libitum con dietas balanceadas, conteniendo frijol común cocinado
(12,9% de fibras dietéticas + almidón resistente) o caseína agregado
de 5,0% (grupo control), 10,0%, 12,5% o 15,0% de fibras dietéticas
+ almidón  resistente, con las mismas proporciones de fibras
insolubles y solubles y almidón resistente, encontradas en el frijol
(8:3:1) por 14 días. El aumento de peso y la ingesta de dieta fueron
más pequeños en el grupo alimentado con la dieta del frijol cocinado.
Sin embargo, este grupo mostró el aumento más alto en los órganos
estudiados. Las ratas que ingirieron la dieta conteniendo caseína con
agregado de 15,0% de fibra dietética mostraron un crecimiento de
21,4% en el páncreas. Las ratas alimentadas con las otras dietas de
caseína no mostraron diferencias significativas  (p>0,05). El consumo
de dieta conteniendo frijol común cocinado provocó un aumento de
peso en todos los órganos estudiados (50,0% en el páncreas, 25,0%
en el hígado y 33,4% en el intestino delgado) y un incremento del
47,1% en el tamaño del intestino delgado. La fibra dietética más
almidón resistente ejerce un efecto trófico en los órganos digestivos,
aunque no fue ese el único factor estimulante. El frijol cocinado
puede tener otros componentes químicos, además de los inhibidores
de proteasas, lectinas,  fitatos y taninos, que probablemente
contribuyen a ese efecto.
Palabras clave: Caseína, frijol común, fibra dietética, órganos
digestivos, ratas.

INTRODUCTION

The nutritional value of the common bean is universally
acknowledged. Bean contain approximately 60% of carbohy-
drates, 2/3 of which is starch (18% resistant starch), from 16
to 33% of proteins and a small quantity of lipids, 1 to 3%,
most of which is linoleic acid. The common bean has a sig-
nificant quantity of dietary fiber, minerals such as calcium,
iron, phosphorus, potassium, and magnesium and vitamins
such as folate, tiamin, and niacin (1-4). It is considered an
important source of energy and nutrients, especially for de-
veloping countries population (5) and it complements the
quality and biological value (percentage of nitrogen absorbed
that is retained) of cereal proteins (6).

Several studies have shown that the intake of cooked bean
has a trophic effect on digestive organs, among which are the

small intestine, liver, and pancreas (7,8). However, further
research is needed to understand which chemical component
of bean is responsible for such effect. Thus, this study aimed
at verifying whether diets whose protein source was casein
with dietary fiber (cellulose and pectin) and resistant starch
(chemically modified) added, in the same proportions found
in the common bean, cause an increase in the small intestine
weight and length and liver and pancreas weight of  rats.

MATERIALS AND METHODS

Preparation of cooked beans and diets
The raw common bean (Phaseolus vulgaris L.), cv. IAC-

Carioca ETÉ, with average crude protein value (N x 5.40) of
18.72 + 0.09% was provided by the Grains and Fibers Center
of the Campinas Agronomic Institute, SP, Brazil, and the com-
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mercial casein, containing  83.34 + 0.64% of crude protein (N
x 6.38) was purchased from M. CASSAB Comércio e Indústria
Ltda, SP. The common bean and casein crude protein was de-
termined in our laboratory.

Bean grains were washed in running water, soaked at room
temperature (25oC) for 16 hours, using a 3:1 water:bean pro-
portion. Then they were cooked without discarding the
soaking water, using the same water:bean proportion, in a do-
mestic pressure cooker (14.1 psi), for 40 minutes, after the air
exhaustion and a constant steam flux flows through the
pressure valve. After cooked, grains were frozen, freeze-dried
in a Terroni Lyophilizer, model LH 0500 and ground in a
Marconi mill, model MA 630, up to 250 μM granulometry.

Diets were prepared with only one protein source, cooked
bean or casein and they were formulated according to the speci-
fications of the American Institute of Nutrition, diet AIN -
93G (9), except for protein value, which was 12% (10). The
dietary fiber values of casein diets were 5.0%, 10.0%, 12.5%
e 15.0%, using cellulose (microfine,  pharmaceutical degree,
Microcel, M. CASSAB Comércio e Indústria Ltda., SP),
pectin (Genu type 8140 – Cpkelko) and chemically modified
resistant starch (Hi MaizeTM 260, National Starch & Chemi-
cal) in the proportion of 8:3:1, respectively. These additions
aimed at simulating possible physiological and/or biochemi-
cal effects of the dietary fiber fraction and resistant starch
present in the common bean in rats. The two types of fiber
(pectin and cellulose) were chosen due to the fact that they are
the most prevalent in the common bean (5, 11). For control, a
diet containing 12% of casein as protein source, with 5.0% of
dietary fiber added with similar solubility to that of the com-
mon bean was used. The quantities of insoluble and soluble
dietary fiber added to the casein diets depended on the quan-
tity present in the common bean and the quantity of resistant
starch depended on the value present in the common bean and
in corn starch and dextrinized starch. The proportions of di-
etary fiber and resistant starch added to casein diets were cal-
culated in our laboratory and they are showed on Table 1.

All diets were completed to 100% with the carbohydrates,
and they became isoprotein (12.0 + 0.2%) and isoenergetic
(1551.8 + 22.8 kJ/100g). To calculate the energetic value, 8.4
kJ/g were attributed for soluble fiber and resistant starch due
to the formation of short chain fatty acids (12,13).

Chemical characterization of cooked and lyophilized com-
mon bean

The following components were determined in the cooked
bean: moisture (14), ashes (14), crude protein, using the semi-
micro Kjeldahl method, titanic dioxide as digestion catalyzer
(15) and a conversion factor of 5,40 (16); total lipids (17); crude
fiber (14), total, soluble and insoluble dietary fiber (18); and
resistant starch (19). The carbohydrates value was evaluated by
difference. All the analyses were performed at least in triplicate.

TABLE 1
Cellulose, pectin and resistant starch addition to casein

diets in grams per kilo (kg) of diet

Additions (%) Quantity of fibers in diets (g/kg)

33.8 cellulose
5.0 11.9 pectin

4.3 resistant starch

67.7 cellulose
10.0 23.8 pectin

8.5 resistant starch

84.6 cellulose
12.5 29.7 pectin

10.7 resistant starch

101.5 cellulose
15.0 35.7 pectin

12.8 resistant starch

Animals and experiment procedures
All the procedures were approved by the Commission of

Ethics in Animal Experimentation of the Biology Institute of
the Unicamp, Campinas, SP, Brazil (Protocol number 1005-
1). Fifty recently weaned (21-23 days) male albine Wistar
rats (47.2 + 9.9g) were used. They were provided by the
Multidisciplinary Center for Biological Investigation of the
State University of Campinas, Campinas, SP, Brazil. The ani-
mals were randomly separated in 5 groups and they were
maintained on individual growth cages, during all the experi-
ment period, in controlled environment conditions, to keep
temperature at 23 + 1oC and 50 to 60% of relative humidity,
with a light/dark alternated cycle of 12-hour. Animals had
free access to water and diet during all the experiment. The
adaptation time was 4 days, during which the experimental
diets were already being used. After this period, they weighed
64.3 + 11.3 g. The experiment lasted 10 days and rats’ weight
was checked in the morning, on day 5 and on day 10 of the
experiment. Diet intake was verified every two days.

Digestive organs
Rats were killed through cervical dislocation. The liver,

pancreas, and small intestine were removed. The small intes-
tine was removed from the pylorus (stomach-duodenum junc-
tion) to the ileocecal valve.  Length measurement of this or-
gan was performed by means of a measuring tape, holding
the small intestine suspended, with a weight of 5.60g hang-
ing from its inferior extremity to guarantee the same tissue
stretching. After length measurement, the small intestine was
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emptied, rinsed with 20 to 30 ml of iced physiologic solution,
carefully blotted, and weighed. The liver and pancreas were
rinsed with iced physiologic solution, blotted, and weighed
on Petri dishes previously weighed.

Statistical analysis
Results were submitted to analysis of variance (ANOVA)

and to Tukey’s means test, using the STATISTICA 7.0® soft-
ware (StatSoft, Tulsa, OK, USA), considering p<0,05 as the
minimum acceptable probability for the difference between
the means.

RESULTS

Chemical composition of the common bean
The centesimal composition of the cooked and lyophilized

bean was: moisture (5.10 + 0.13%) and ashes (3.45 + 0.03%).
Quantitatively, the bean studied is considered a good source
of proteins (N x 5.40) and carbohydrates, since it has 19.03 +
0.03% and 68.36 + 0.37%, respectively; characteristically, bean
grains have a small quantity of total lipids (2.80 + 0.06%) and
a moderate content of crude fiber (6.36 + 0.40%). The values
are expressed on dry basis, in g/100g, and represent the
average and the standard deviation of the hexaplicate.

TABLE 2
Total Dietary Fiber (TDF), Insoluble (IDF) and Soluble

(SDF) and resistant starch (RS) in the cooked
and lyophilized common bean and in diets

Legume
and Diets* TDF IDF SDF RS

C5.0%** 4.6 + 0.15 3.3 + 0.19 1.3 + 0.20 0.9 + 0.0
C10.0% 8.3 + 1.06   6.3 + 0.46 2.0 + 0.62 1.0 + 0.06
C12.5% 11.0 + 0.58 8.5 + 0.0 2.5 + 0.64 1.1 + 0.04
C15.0% 12.8 + 0.67 10.2 + 0.26 2.6 + 0.88 1.3 + 0.03
CB 25.1 + 0.26 18.5 + 0.37 6.6 + 0.58 2.3 + 1.23
CBD 11.9 + 0.70 9.4 + 0.87 2.5 + 0.19 1.0 + 0.08

Average and standard deviation of values (g/100g of body weight) deter-
mined at least in triplicate.
*CB = Common bean, CBD = Common bean diet, C5.0% = Casein + 5.0 %
of dietary fiber plus RS, C10.0% = Casein + 10.0 % of dietary fiber plus RS,
C12.5% = Casein + 12.5 % of dietary fiber plus RS,     C15.0% = Casein +
15.0 % of dietary fiber plus RS, with similar solubility to that of the com-
mon bean.
** Casein + 5.0% of dietary fiber and resistant starch is the control diet.

Total Insoluble and Soluble Dietary Fibers and Resistant
Starch

The contents of total, insoluble and soluble dietary fiber and
resistant starch in the cooked and lyophilized common bean and
in the experimental diets are shown on Table 2. The dietary fiber
with similar solubility to that found in the common bean addi-
tions grew increasingly, from 5.0% (control diet) to 15.0% in
the casein diets. The 12.5% value was chosen for being compa-
rable to the common bean diet, which showed 12.9% of dietary
fiber plus resistant starch. The ratio insoluble/ soluble fiber
showed that there was a prevalence of insoluble fiber, which
represented 74% of the total dietary fiber.

Biological essay
The initial and final weight of the rats, their weight gain

and the diet intake after 10 days of experiment can be seen on
Table 3. For both weight gain and diet intake, it was observed
that rats fed casein diets did not differ among them. However,
they differed from the group fed the diet containing the cooked
bean as protein source. The lower weight gain of the rats fed
the diet containing the common bean can be related to the
smaller diet intake. Weight gain increased in all groups
during the experiment. Results show that increasing additions
of dietary fiber to diets did not alter the animals’ growth rate.

Liver and pancreas weight, small intestine weight and
length can be seen on Table 4. Rats fed the diet containing
bean showed a considerable increase in pancreas weight
(50.0%) in comparison to the control group, and differed from
the other groups. Among the groups fed casein diets with
dietary fiber plus resistant starch added, only the group whose
diet had a 15.0% addition differed from the control group,
regarding the pancreas weight, showing a 21.4% increase in
the pancreas weight (Table 4). Results suggest a possible pan-
creas hypertrophy, especially in the rats fed a diet whose pro-
tein source was the cooked bean.

The group fed the diet containing bean showed the
highest liver weight, differing of the control group, but this
group did not differ from the groups whose diets had casein
with 10.0%, 12.5% and 15.0% addition of dietary fiber plus
resistant starch. These last three groups did not differ from
the control group (Table 4).

Regarding small intestine weight and length (Table 4), it
was observed that only the group fed diet containing bean
differed from the control group, showing an increase in the
length (47.1%) and weight (33.4%) of that organ.
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TABLE 3
Initial and final weight (g), weight gain (g) and diet intake after 10 days of experiment

Diets Initial weight Final weight Weight gain Diet intake
(g)  (g)  (g) (g)

Casein + 5.0%  64.95 +  6.50ab      114.64 +   7.74b 49.69 + 4.60b 128.18 + 21.86b

Casein + 10.0%   71.46 +  9.91b   123.59 + 13.97b 52.13 + 5.33b 135.10 + 18.41b

Casein + 12.5%  69.02 + 10.28b   119.49 + 12.09b 50.47 + 6.68b 136.45 + 16.11b

Casein + 15.0% 64.88 +  6.42ab 118.31 +   9.69b 53.43 + 5.32b 136.17 + 13.13b

Common bean diet 55.92 +  8.44a      83.79 +  7.24a 27.87 + 4.28a 96.32 + 11.84a

Casein + 5.0% of dietary fiber and resistant starch is the control diet
Data represent average and standard deviation for n=10
Different letters in the same column indicate statistical difference (p<0.05), according to Tukey’s Test.

TABLE 4
Weight of pancreas, liver and small intestine (g/100g of body weight) and length (cm)

of the small intestine of rats after 10 days of experiment

Diets Pancreas Liver                              Small Intestine
(g/100g) (g/100g) Weight (g/100g)     Length (cm)

Casein + 5,0% 0.42 + 0.12a 3.46 + 0.23a 4.07 + 0.49a 101.12 + 11.21a

Casein + 10,0% 0.47 + 0.05ab 3.74 + 0.56ab 4.34 + 0.44a 101.39 + 10.51a

Casein + 12,5% 0.49 + 0.07ab 3.87 + 0.53ab 4.36 + 0.31a 102.68 +   7.84a

Casein + 15,0% 0.51 + 0.05b 3.98 + 0.29ab 4.51 + 0.44a 106.68 +   9.45a

Common bean diet 0.63 + 0.05c 4.33 + 0.79b 5.43 + 1.06b 148.77 +   0.32b

Casein + 5.0% of dietary fiber and resistant starch is the control diet.
Data represent average + standard deviation for n=10
Averages with different letters in the same column indicate difference in the significance level p<0.05
(Tukey’s Test).

DISCUSSION

The results for the centesimal composition of the cooked
bean are similar to those of Costa et al. (20), Queiroz-Monici
et al. (21) and Oliveira et al. (22), when the same cultivar was
used. This bean cultivar showed a protein value similar to that
found in literature, in which values vary from 16 to 33% (23).
Bean grains were cooked using the soaking water to preserve
their nutrients.  Helbig et al. (24) did not find a significant
difference in phytate and tannin contents, considered anti-nu-
tritional factors, in diets containing bean cooked with or with-
out the soaking water.

The cooked and lyophilized bean dietary fibers plus resis-
tant starch values and the bean diet dietary fiber plus resistant
starch values (Table 2) are in accordance with the values found
by Costa et al. (20), Queiroz-Monici et al. (21) and Kutos et
al. (25). The entire levels of the cooked bean dietary fiber vary
from 11.2 to 27.5% and the resistant starch levels vary from
2.24 to 3.49%, depending on the preparation storage time (26).
The bean soluble and insoluble fibers levels vary according to
the cultivation method, the grain cultivation conditions, the

bean previous treatments, and the analytic determination
method. Soluble fiber is more sensitive to such alterations (6,
25). It is well known that gravimetric methods that use
thermoestable amylase at 100ºC to eliminate starch leave part
of the resistant starch in the insoluble fiber residues. How-
ever, we decided not to discount this resistant starch because
an exact value for it was not found in the literature. More-
over, there are some authors who do not include resistant starch
as dietary fiber; they consider it a substance similar to dietary
fiber (27,28).

The rats’ weight gain is directly related to their abilities to
use nutrients. Therefore, the better is the protein amino acids
balance, the better is its use (29). The statistical difference
between the group fed the diet containing bean and those
groups fed diets containing casein with different additions of
dietary fiber plus resistant starch may have occurred due to
the fact that the nutritive value of the bean proteins are lower
(30,31) and due to cholecystokinin (CCK) secretion, which
is associated to satiation both in humans and in animals (32).
The weight gain increased linearly in all groups during the
experiment, similarly to what was observed by Brunsgaard &
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Eggum (33). The results of the experiment showed that in-
creasing additions of dietary fiber to diets did not alter the
growth rate of the animals, which is similar to what was veri-
fied by Pirman et al. (7).

 Liver and pancreas weight gain may have occurred due
to hyper secretion of bile and pancreatic enzymes, respec-
tively, in an attempt to compensate for digestion and absorp-
tion inneficiency. For the liver, the alteration in the intestine
transit and the pH reduction cause inhibition of 7 a-bacteria
dehydroxilation and consequent reduction in the deoxicolic
acid production, preventing bile salts from being re-absorbed
into the ileo. Moreover that, in comparison to animal pro-
teins, vegetable proteins are less broken by proteases, and they
are consequently less absorbed. Therefore, the intensification
in liver activity may occur to regulate protein seric levels (34).

Ikegami et al. (34) and Corring et al. (35) observed an
increase in amylase and proteases secretion and a volume of
bile excreted increased when dietary fiber was added to the
rats’ diet.  Besides dietary fiber and resistant starch, other fac-
tors such as the intact protein or peptides presence and the
protein type may exert important influence on secretions, pro-
voking the digestive organs adaptation (8,35,36).

The small intestine weight gain and the length increase of
rats fed the bean diet may have occurred due to an attempt to
increase the nutrient absorption area. Moreover, there is an
interaction among cooked common bean dietary fiber, resis-
tant starch and other chemical components that have not been
identified yet, with the small intestine mucosa, exerting hor-
monal and mechanical stimulation (37,38). If small intestine
weight gain and lengh increase would be confirmed in hu-
mans, the cooked bean could be used in Short Bowel Syn-
drome treatment.

Similarly to the findings of this study, other authors have
observed a small intestine weight and length increase in rats
when dietary fiber was added to the diet.  Brunsgaard & Eggum
(33) and Brunsgaard et al. (37) observed that its weight and
length tripled when 8.0% of dietary fiber and resistant starch
were added to rats’ diets after 9 days of experiment. Ikegami
et al. (34) found a 55.3% weight gain and a 16.4% length
increase of the small intestine in rats fed a diet containing
bean for 14 days. Pirman et al. (7) found a 28.2% small intes-
tine weight gain in rats fed diets containing cooked bean for
15 days in comparison to those fed a casein diet. Mccullough
et al. (39) observed a 6% weight gain of this organ in rats fed
a diet containing 30.0% of a mix of dietary fiber after 14 of
experiment (Table 4).

The dietary fiber increasing additions to diets containing
casein were responsible for the increase of the studied organs
measures, although without statistical difference, except for
the pancreas. Pirman et al. (7) suggested that dietary fiber
seem to be the main factor responsible for the trophic effect
of legumes on intestine tissues.

The presence of dietary fiber and resistant starch alters the
transit and the intestine pH, the intraluminal content viscosity
and the digestive enzymes activity, modifying nutrients di-
gestion and absorption (34,40). They can form indigestible
complexes with proteins and amino acids, mainly during the
heating treatment (8,20,33,41). The heating treatment pro-
motes the formation of high molecular weight protein aggre-
gates, which are hydrolyzed much more slowly by proteolytic
enzymes (42). In the casein diets, such complexes were
probably not formed in the same proportion, since they did
not undergo any heating treatment. Dietary fiber may also exert
a direct mechanical stimulation over the intestine mucosa and
cause an increase in cell exfoliation (8).

The studied organs increase is not a continuous process. It
was observed only in the first 9 days after the diet containing
fiber introduction and there was no significant difference   after
that period. In addition, these alterations seem to be perma-
nent (33,37,38). Corring et al. (35) studied the alterations in
pancreatic and bile secretions and stated that such alterations
are completed in 5 to 7 days after the diet starts.

Anti-nutritional factors were not among the stimulator
components, because they are heat-labile or show very low
residues after the thermal treatment. Lectins and protease in-
hibitors are inactivated or remained at very low levels,
nonharmful, after the thermal treatment (41,43). Helbig et al.
(24) found a reduction of 53% in phytates and 89% in tannins
when beans were cooked with the soaking water.

The diet containing cooked common bean resulted in the
studied digestive organs weight gain and in the small intes-
tine length increase. The casein diet, with an addition of 15.0%
of dietary fiber plus resistant starch, caused pancreas weight
gain. Therefore, dietary fiber plus resistant starch were
responsible for the digestive organs increase. However, they
were not the only stimulation factor, because the cooked bean
has other chemical components, like phytates and tannins, that
probably contributed to such effect. Thus, there is a need for
further research to know what these other components are.
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