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Fermented Nondigestible Fraction from Common
Bean (Phaseolus vulgaris L.) Cultivar Negro 8025
Modulates HT-29 Cell Behavior
R.K. Cruz-Bravo, R. Guevara-Gonzalez, M. Ramos-Gomez, T. Garcia-Gasca, R. Campos-Vega, B.D. Oomah, and G. Loarca-Piña

Abstract: The aim of the study was to evaluate the effect of a fermented nondigestible fraction (FNDF) of cooked bean
(Phaseolus vulgaris L.) cultivar Negro 8025 on human colon adenocarcinoma HT-29 cell survival. Negro 8025 was chosen
for in vitro fermentation based on comparison of chemical composition with 2 other cultivars: Azufrado Higuera and
Pinto Durango. Negro 8025 had 58% total dietary fiber, 27% resistant starch, and 20 mg of (+)-catechin equivalents per
gram of sample. Short-chain fatty acids (SCFAs) production and pH of the medium were measured after fermentation as
indicators of colon protection through induced arrest on cell culture and apoptosis. Butyrate and pH of FNDF of Negro
8025 were higher than the control fermented raffinose extract. The FNDF inhibited HT-29 cell survival in a time- and
concentration-dependent manner. The lethal concentration 50 (LC50) was 13.63% FNDF (equivalent to 7.36, 0.33, and
3.31 mmol of acetic, propionic, and butyric acids, respectively). DNA fragmentation, an apoptosis indicator, was detected
by the TdT-mediated dUTP nick end labeling method in cells treated with the LC50-FNDF and a synthetic mixture
of SCFAs mimicking LC50-FNDF. Our results suggest that common bean is a reliable source of fermentable substrates
in colon, producing compounds with potential chemoprotective effect on HT-29 colon adenocarcinoma cells, so it may
present an effective alternative to mitigate colon cancer development.

Keywords: apoptosis, cancer, dietary fiber, fatty acids, HT-29 cells, legume

Introduction
In Western societies, colorectal cancer (CRC) is the 3rd leading

cause of cancer in both sexes in terms of incidence and mor-
tality, therefore, representing a major public health issue (Jemal
and others 2005). Despite advances in medical and surgical CRC
treatment, only a modest improvement is achieved in the survival
of patients diagnosed at an advanced stage of the disease, so it is
desirable to develop effective prevention strategies to reduce the
risk of developing CRC.

Epidemiological evidence suggests a protective role of dietary
fiber against CRC (Dahm and others 2010). This type of fiber
can be defined as a heterogeneous group of nondigestible com-
pounds, including fiber (soluble and insoluble), resistant starch, and
oligosaccharides such as raffinose, stachyose, and mullein, among
others (Escudero and Gonzalez 2006). Common bean (Phaseolus
vulgaris L.) is one of the fiber-rich foods consumed in Mexico
and Latin American countries. Epidemiological and animal stud-
ies have shown the protective role of pulses, primarily due to the
presence of phytochemicals such as phenolic compounds (con-
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densed tannins [CTs], flavonoids, and anthocyanins), total dietary
fiber (TDF) (soluble and insoluble), lectins, unsaturated fatty acids,
phytic acid, trypsin inhibitors, and other secondary metabolites re-
lated to the prevention and/or reduction of chronic degenerative
diseases (Bazzano and others 2001; Beninger and Hosfield 2003;
Waldecker and others 2007; Campos-Vega and others 2010).

Some of these substances (nondigestible fraction [NDF] and
phenolic compounds) may reach the colon to be fermented by
the microflora, producing mainly short-chain fatty acids (SCFAs)
such as acetic, propionic, and butyric acids (Delzenne and others
2003). The latter is a 4-carbon fatty acid that has been studied
as a chemopreventive agent because of its inhibition against tu-
mor cell proliferation, induction of apoptosis leading to a more
differentiated phenotype (Sengupta and others 2006), thus reduc-
ing the risk of developing CRC. The protection by SCFAs has
been studied using in vitro cell culture, widely used to assess the
effect by which a substance induces differentiation and inhibits
the survival of transformed cells. HT-29 cell line has been used
as a model to investigate the mechanism of some protective com-
pounds (Wächtershäuser and others 2001; Schröder and others
2005; Bermúdez and others 2007).

Our previous studies (Feregrino-Perez and others 2008;
Campos-Vega and others 2010) showed that common bean culti-
vars, Negro 8025 and Bayo Madero, contained fermentable sub-
strates with NDF that prevented the development of early and late
stages of colon cancer by modulating genes and proteins involved
in apoptosis, proliferation, cell cycle arrest, and inflammation.
Polysaccharide extract from cooked black bean cultivar Negro
8025 prevented the development of early stage colon cancer in
azoxymethane (AOM)-induced rats by an apoptotic process. This
investigation extends our previous study with cultivar Negro 8025
(Feregrino-Perez and others 2008) combining biochemical
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analysis with experiments designed to assess the effect of in vitro
fermented NDF (FNDF) on the survival of the colon adenocar-
cinoma HT-29 cells.

Materials and Methods

Dry bean seeds
Beans of cultivars Negro 8025, Pinto Durango, and Azufrado

Higuera were harvested in 2007 at the Bajio Experimental Station
of the Natl. Research Inst. of Forestry, Agriculture and Livestock
(INIFAP), located in Celaya, Guanajuato, Mexico. The seeds,
cooked bean, and the NDF were stored at 4 ◦C and protected
from light.

Chemicals
Butyrate was purchased from FlukaTM (Sigma–Aldrich Canada

Ltd., Oakville, ON, Canada). Vanillin, D-(+)-raffinose, and (+)-
catechin were obtained from Sigma Chemical Co. (St. Louis, Mo.,
U.S.A.). Acetate, propionate and formic acid, and other chemicals
were purchased from J.T. BakerTM (Mexico City, Mexico). Pro-
tease, α-amylase, and amyloglucosidase were obtained from Sigma
(Sigma–Aldrich, Canada Ltd.). Other chemicals were purchased
from J.T. BakerTM (Mexico).

Thermal treatment
Beans were cooked using a “traditional” cooking process ac-

cording to the method of Aparicio-Fernandez and others (2005).
Briefly, freshly harvested and nonsoaked beans (50 g) were placed
in a beaker with 250 mL of distilled water and cooked at 90 ◦C
on the time necessary to obtain soft beans similar to how they are
consumed by the local people, approximately 2.5 h, according to
the finger compression test. Cooked beans and broth were ground
in a domestic grinder (OsterizerTM, Estado de Mexico, Mexico),
lyophilized, and stored in polyethylene bags at 4 ◦C until used.

Total dietary fiber
Dietary fiber fractions, containing soluble dietary fractions

(SDFs) and insoluble dietary fractions (IDFs), were determined
following the AOAC method 991.43 (AOAC 2002). Briefly,
1 g of each sample (uncooked and lyophilized cooked) was placed
in different Erlenmeyer flasks containing 50 mL phosphate buffer
(0.08 mol/L, pH6) added and adjusted to pH 6 with 0.375 M-
HCL or 0.275 M-NaOH. Samples were placed in a water bath at
100 ◦C, 0.1 mL of thermo stable α-amylase was added to each, and
incubated for 30 min with manual stirring every 5 min. The flasks
were cooled rapidly and the samples adjusted to pH 7.5. After the
addition of 0.1 mL protease (5 mg/mL phosphate buffer), samples
were placed in a water bath at 60 ◦C for 30 min. Samples were
cooled, adjusted to pH 4 then placed in the water bath at 60 ◦C
for 30 min, and 0.3 mL of amyloglucosidase was added. Samples
were incubated for 30 min under constant agitation, followed by
addition of 95 mL/100 mL ethanol at room temperature at 1:4
sample/ethanol ratio and the mixture left at room temperature
for 24 h. Samples were filtered to constant weight and residues
were washed 3 times with 10 mL of distilled water. The residues
were then placed in an oven at 90 ◦C for 2 h and weighed. The
TDF was determined gravimetrically and considered as NDF. At
least, 3 determinations of each treatment were conducted. Ethanol
was not added for IDF quantification and SDF was calculated by
subtracting the IDF from TDF.

Proximate composition
AOAC procedures were used to determine moisture (method

925.10), lipid (method 920.39), ash (method 923.03), and nitrogen
(method 920.87) contents of the ground bean samples (AOAC
2002). Moisture was assessed based on weight loss after oven drying
at 105 ◦C until constant weight was reached. Nitrogen content
was determined using the micro-Kjeldahl method with sodium
sulfate as catalyst. Protein content was calculated as nitrogen ×
6.25. Lipid content was obtained from Soxhlet extraction for 6 h
with petroleum ether. Ash content was calculated from the weight
of the sample after incineration in a muffle furnace at 550 ◦C for
2 h.

Quantification of resistant starch
This was quantified following the gravimetric method of Saura-

Calixto and others (1993). Briefly, NDF (0.1 g) was homogenized
with 6 mL of 2 M-KOH and placed in a shaker (Maxi Mix II,
Thermolyne type 37600 mixer, San Francisco, Calif., U.S.A.) for
30 min at 25 ◦C under constant agitation. Acetate buffer (3 mL,
0.4 M, pH 4.75) and 5 mL of 2N-HCl were added and the pH
adjusted to 4.75 using 2N HCL or 0.275 M-NaOH, if necessary.
Subsequently, 60 μL of amyloglucosidase were added and the
tube placed in a shaking bath at 60 ◦C for 30 min. Sample was
centrifuged (15 min at 3000 × g) after incubation. The pellet was
resuspended in 10-mL distilled water and centrifuged twice, freeze
dried, and weighed. The fraction obtained corresponds to resistant
starch.

Oligosaccharide quantification
Oligosaccharides were extracted from raw, cooked beans, and

from the NDF following the procedure described by Brenes and
others (2003). Bean flour (10 g) was homogenized in aqueous
ethanol (100 mL, 80%, v/v) and placed in a Soxhlet at 80 ◦C
for 60 min. The ethanol extracts were recovered, concentrated
under vacuum, and the water phase was frozen and lyophilized.
The sample was subjected to chemical analyses. Oligosaccha-
rides of the lyophilized samples were quantified as described by
Muzquiz and others (1999). Briefly, oligosaccharides (7 mg) were
dissolved in deionized water (1 mL), filtered, and subjected to
high−performance liquid chromatography (HPLC) analysis. The
sample (20 μL) was injected into an Agilent HPLC system model
HP-1100 (Agilent Technologies, Inc., Santa Clara, Calif., U.S.A.)
with a refractive index detector (RID, 61362A) and fitted with
a Zorbax NH2 precolumn (4.6 × 12.6 mm, 5 μm) and Zorbax
column (250 × 4.6 mm). Acetonitrile/water (65:35) was used as
mobile phase at 1 mL/min. Column and detector temperatures
were maintained at 25 ◦C. Standard curves were determined using
raffinose, stachyose, and verbascose standards.

Methanolic extraction of phenolic compounds
Phenolic compounds were extracted according to the procedure

of Cardador-Martinez and others (2002). Raw, cooked, and the
NDF (200 mg) were placed each in a 50-mL flask and mixed with
10-mL methanol. The flask was protected from light and shaken
for 24 h at 25 ◦C then centrifuged at 2500 rpm for 10 min. The
supernatant was collected and stored at 4 ◦C until analysis.

Quantification of CTs
The CTs, expressed as milligram (+)-catechin equivalents per

gram of sample (mg/g), were analyzed according to the method
of Deshpande and Cheryan (1985) modified for use with a 96-
well plate (Feregrino-Perez and others 2008). Briefly, 200 μL of

T42 Journal of Food Science � Vol. 76, Nr. 2, 2011
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vanillin reagent (0.5% vanillin, 4% HCl in methanol) was added
to 50 μL of methanolic extract and placed in a 96-well plate;
each sample was tested in triplicate. CTs were quantified at 500
nm in a microplate reader (Thermo Scientific, U.S.A. Multiskan
Ascent, model 51118307) using (+)-catechin (up to 0.2 mg/mL)
as a reference standard. Blank sample was prepared by subjecting
the original extract to the same conditions but without the vanillin
reagent to correct for potential interference from natural pigments
in beans.

Quantification of flavonoids
Flavonoids were quantified according to the procedure de-

scribed by Oomah and others (2005). Briefly, 50 μL of
the methanolic extract (from each sample) was mixed with
180 μL of methanol and 20 μL of a solution of 1% 2-
aminoethyldiphenylborate in a 96-well microtitration flat-bottom
plate (Corning). The absorbance of the solution was monitored
at 404 nm with a microplate reader (Thermo Scientific, Multi-
skan Ascent model 51118307). Extract absorption was compared
with that of a rutin standard at concentrations ranging from 0 to
50 μg/mL. Flavonoid content was expressed as milligram rutin
equivalent per gram sample.

In vitro fermentation
Fermentation was carried out in duplicate for the NDF from

cooked bean Negro 8025 in a water bath at 37 ◦C (Campos-Vega
and others 2009). Raffinose was used as a control for fermentable
sugar under the same conditions. The fresh fecal inocula were
supplied by a healthy subject who had not consumed antibiotics
for at least 3 mo and had no history of gastrointestinal diseases.
Sterile tubes (15-mL capacity) were filled with 9 mL of sterile
basal culture medium containing (g/L): peptone water 2, yeast ex-
tract 2, NaCl 0.1, K2HPO4 0.04, KH2PO4 0.04, MgSO4.7H2O
0.01, CaCl2.2H2O 0.01, NaHCO3 2, cysteine hydrochloride 0.5,
bile salts 0.5, tween 80 2 mL, and hematin 0.2g (diluted in 10N
NaOH). Sealed tubes were maintained under a headspace contain-
ing H2-CO2-N2 (10:10:80, by volume), O2-free for 48 h. Fecal
slurries were prepared by homogenizing 3 g of fresh stools with
27 mL of 0.1 M-sodium phosphate buffer, pH 7.0. The tubes
containing basal culture medium were inoculated with 1 mL of
fecal slurries and the NDF (100 mg) was added after inoculation,
except for blanks. The samples were vortexed for 30 s and placed
in a water bath at 37 ◦C. During fermentation, the pH of the
samples and SCFAs production were assessed at 12, 24, and 48
h. Fermentation was stopped by placing the tubes in a freezer at
−70 ◦C.

Analysis of SCFAs
The quantification of SCFAs was performed according to

Campos-Vega and others (2009). The frozen fermentation tubes
were rapidly thawed in warm water, 1.5-mL sample was cen-
trifuged (Hermle Z323K, Hermle Labortechnik GmbH, Wehin-
gen, Germany) at 4500 rpm for 15 min at 4 ◦C; 800 μL of the
supernatant was transferred to an 8-mL tube and the pH adjusted
to 2.9 to 3.1 by adding 1 M-HCl; 750 μL of the sample were
transferred to a flask and 120 μL of formic acid added. An aliquot
(1.5 μL) of the supernatant was loaded in the injection port of an
Agilent 6890 Plus coupled to a flame ionization detector (FID)
(Agilent Technologies, Wilmington, Del., U.S.A.) and separated
on a Carbowax 20 M column (25 m × 320 μm × 0.30 μm nom-
inal). Helium was supplied as the carrier gas at 1.0 mL/min. The
initial oven temperature of 95 ◦C was maintained for 2 min and

ramped at 20 ◦C/min to 180 ◦C. The temperature of the FID and
the injection port was 240 and 200 ◦C, respectively. The flow rates
of hydrogen, air, and nitrogen as makeup gas were 30, 300, and
20 mL/min, respectively. Acetate, propionate, and butyrate were
used as external standards to quantify SCFAs in the fermentation
mixtures.

Cell culture
Human colon adenocarcinoma cells HT-29, purchased from

the American Type Culture Collection (ATCC), were grown
and maintained in McCoy’s 5a medium (ATCC) supplemented
with 10% fetal bovine serum (FBS, GibcoTM, Grand Island,
N.Y., U.S.A.) and 1% antibiotic-antimicotic (GibcoTM) at 37 ◦C
under 5% CO2 air atmosphere. Subculture of HT-29 cell line
was performed by enzymatic digestion (trypsin/ethylene diamine
tetraacetic acid (EDTA) solution: 0.05/0.02%).

Inhibition assay
HT-29 cells were cultured in 24-well plates at a density of 5 ×

104 cells/well under the growth conditions indicated above for 24
h. The medium was changed by adding McCoy’s 5a medium sup-
plemented with bovine serum albumin (BSA Sigma–Aldrich(tm),
Canada Ltd.) plus different concentrations (5%, 10%, 15%, 20%,
25%, 30%, 35%) of 100% fermented NDF (previously sterilized
by filtration). After incubation, cells were harvested. Hemocy-
tometer counts were performed and growth inhibition rate was
plotted to determine lethal concentration 50 (LC50) value. Mc-
Coy’s 5a medium containing 0.5% BSA was also added to control
cell culture. All data points were performed in duplicate and each
experiment was repeated independently at least twice for statistical
analysis.

TdT-mediated dUTP nick end labeling (TUNEL)
DNA fragmentation was detected by the TUNEL method.

Once LC50 was determined, cells were treated with the LC50-
FNDF and with a synthetic mixture of SCFAs mimicking
LC50-FNDF (LC50-SCFA) for 24 h. Afterwards, the treated and
untreated cells were harvested and centrifuged to remove the
medium. The pellet was resuspended in 1× phosphate-buffered
saline (PBS), and then laid on a cover slip until dry. Cells were fixed
with methanol to be stained by TUNEL, which identifies apop-
totic cells by using terminal deoxynucleotidyl transferase (TdT) to
transfer biotin-dUTP to the strand breaks of cleaved DNA during
apoptosis. The biotin-labeled cleavage sites were then detected by
reaction with horseradish peroxidase (HRP) conjugated strepta-
vidin and visualized by 3,3′-diaminobenzidine (DAB). The brown
spots representing apoptotic cells were identified and quantified.

Statistical analysis
For each of the quantified compounds, mean values across bean

cultivars were compared using Tukey’s test for multiple compar-
isons and t-test for comparison between 2 samples at 95% proba-
bility level. The lethal concentration of FNDF resulting in a 50%
reduction of cell number under the cell culture and treatment
conditions (LC50) were calculated from a nonlinear regression and
expressed as Log (LC50). The statistical package JMP V 5.1 (SAS
Inst. Inc., Cary, N.C., U.S.A.) was used for all analyses.

Results and Discussion

Proximate composition
The chemical composition of 3 bean varieties under study

for raw and cooked samples is presented in Table 1. Cooked
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Azufrado Higuera bean had higher protein content compared
to raw beans, probably due to the inactivation of protease in-
hibitors and lectins during cooking (Table 1). This may result in
a higher protein digestibility (Reyes-Moreno and Paredes-Lopez
1993), which has nutritional implications associated with higher
protein bioavailability (Bressani 1975). These results are compara-
ble with the 20% to 29% protein in different bean varieties grown
in Mexico reported previously by Reyes-Moreno and Paredes-
López (1993). The variations can be due to the variety, origin,
location, climate, environmental conditions, and soil type where
bean is grown (Perez-Herrera and others 2002; Florez and others
2009).

The lipid content in both cooked and raw bean samples was
similar to values (1.6% to 3.3%) reported by Bednar and others
(2001) for black and red bean.

The TDF increased in the cooked bean compared to the raw,
such changes may occur due to the retrogradation of starchy ma-
terials in the grains as suggested by Serrano and Goñi (2004). Both
total and insoluble fibers increased to the same extent (15% to 24%)
upon cooking with the highest increase in Pinto Durango, fol-
lowed by Negro 8025 and Azufrado Higuera. Cooking decreased
soluble fiber in Azufrado Higuera. These results differ from those
of the same cultivars used in our previous study (Campos-Vega and
others 2009), probably reflecting environmental variability inher-
ent in beans grown in different years. Therefore, a biochemical
analysis of all bean products is essential prior to physiological and
cellular experiments. Our results (Table 1) are comparable with
those of Bednar and others (2001) for TDF (36.2% to 46.2%) and
soluble fiber (0% to 3.2%), but lower in insoluble fiber content
(36.2% to 39.4%).

Negro 8025 was selected for evaluating the effect of its fer-
mented NDF on HT-29 cells because of its higher dietary fiber
content in cooked bean compared to other varieties.

Oligosaccharide and resistant starch contents of cultivar
Negro 8025

Total oligosaccharides, raffinose, stachyose, verbascose, and
resistant starch (nondigestible and fermentable compounds) in
Negro 8025 are displayed in Table 2. Stachyose was the major
α-galactoside in cooked bean, followed by verbascose and raffi-
nose. Similar oligosaccharide molar ratio has been reported before
by Muzquiz and others (1999) and Trugo and others (2000) for
some common bean varieties. The higher oligosaccharide content
of cooked legume was probably due to higher leaching of soluble
components and to the release of bound oligosaccharides during
cooking (Han and Baik 2006). It has also been reported that bound
oligosaccharides go through nonenzymatic hydrolysis and release
oligosaccharides from bound macromolecules during cooking, re-

sulting in an increase in oligosaccharide content (Jambunathan and
others 1994; Trugo and others 2000).

CT and flavonoid contents
Table 3 shows the CT and flavonoid contents in raw and

cooked Negro 8025 common bean and its NDF. The CTs were
expressed in milligram equivalent of (+)-catechin/gram sample.
These compounds decreased in the cooked bean sample, suggest-
ing the formation of complexes with proteins (Reyes-Moreno and
Paredes-Lopez 1993). According to Bressani and others (1983),
about 60% of phenolic compounds are retained in black bean dur-
ing cooking with the remaining portion attached to protein and
starch that are not detectable by various methods (Deshpande and
Cheryan 1983). Similar results for black bean varieties were docu-
mented by Aparicio-Fernandez and others (2005) and Feregrino-
Perez and others (2008). The CT content was higher in NDF, due
to concentration.

Total flavonoids decreased significantly after heat treatment,
whereas the difference between the cooked bean and its NDF
was not significant. Our values are lower than those obtained by
Feregrino-Perez and others (2008) for the same bean cultivar,

Table 2–Total oligosaccharide, raffinose, stachyose, verbascose, and
resistant starch content in raw, cooked bean, and the nondigestible
fraction (NDF) of cultivar Negro 8025.

Raw Cooked NDF

Total oligosaccharides 1.02 ± 0.09b 4.39 ± 0.13a 0.32 ± 0.01c

Raffinose 0.04 ± 0.01c 0.13 ± 0b 0.23 ± 0.01a

Stachyose 0.89 ± 0.47b 2.74 ± 0.12a <LD
Verbascose 0.09 ± 0.06b 1.51 ± 0.01a 0.09 ± 0b

Resistant starch ND 15.50 ± 0.10b 26.82 ± 0.10a

Results are the average of 2 independent experiments ± SEM.
Oligosaccharides are expressed as mg per gram of dry basis sample and the resistant starch
is expressed as the percentage (%) per gram of dry basis sample.
Means in the same row with different letters are different α = 0.05, Tukey’s test.
ND = not determined; <LD = under the limit of detection.

Table 3– Condensed tannins and flavonoid contents in raw and
cooked bean, nondigestible fraction (NDF), and fermented nondi-
gestible fraction (FNDF) of common bean cultivar Negro 8025.

Sample Condensed tannins1 Flavonoids2

Raw 17.90 ± 0.23b 1.00 ± 0.02a

Cooked 14.61 ± 0.01c 0.69 ± 0.05b

NDF 20.71 ± 0.44a 0.61 ± 0.03b

FNDF <LD 0.41 ± 0c

1Milligram equivalents of (+)-catechin per gram of dry basis sample or milliliter FNDF.
2Milligram equivalents of rutin per gram of dry basis sample or milliliter FNDF.
NDF = nondigestible fraction; FNDF = fermented nondigestible fraction; <LD = under
the limit of detection.
Results are the average of 2 independent experiments ± SEM.
Means in the same column with different letters are different α = 0.05, Tukey’s test.

Table 1–Chemical composition of raw and cooked common bean (Phaseolus vulgaris L.) cultivars Negro 8025, Pinto Durango, and Azufrado
Higuera.

Negro 8025 Pinto Durango Azufrado Higuera

Raw Cooked Raw Cooked Raw Cooked

Moisture 10.57 ± 0.02b 63.64 ± 0.26a 11.30 ± 0.3b 64.52 ± 0.07a 9.47 ± 0.08c 64.56 ± 0.21a

Protein 20.33 ± 0.07d 22.24 ± 0.62cd 21.63 ± 0.23cd 23.45 ± 0.29c 26.30 ± 0.24b 28.39 ± 0.71a

Lipid 2.13 ± 0.23ab 1.68 ± 0.04ab 3.08 ± 0.84a 1.59 ± 0.16ab 1.20 ± 0.19b 1.23 ± 0.02b

Ash 4.30 ± 0.05a 3.60 ± 0.10b 4.34 ± 0a 3.82 ± 0.03b 3.86 ± 0.02b 3.82 ± 0.03b

Total fiber 49.78 ± 0.65b 58.57 ± 0.46a 37.47 ± 1.68d 46.37 ± 0.71bc 44.53 ± 0.83c 51.34 ± 0.21b

Insoluble fiber 49.11 ± 0.84b 57.84 ± 0.47a 37.15 ± 1.68d 46.12 ± 0.72bc 43.28 ± 0.98c 50.82 ± 0.14b

Soluble fiber 0.67 ± 0.19b 0.73 ± 0.01ab 0.32 ± 0b 0.25 ± 0b 1.25 ± 0.14a 0.52 ± 0.07b

Results are the average of 2 independent experiments ± SEM and are expressed as the percentage (%) per gram of dry basis sample. Protein content was calculated as nitrogen × 6.25.
Means in the same row with different letters are different α = 0.05, Tukey’s test.
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probably due to different harvest. The small amount or the ab-
sence of phenolics after fermentation (FNDF) suggest that these
compounds are released from the food matrix and solubilized to
the fermentation media by the action of colonic bacterial en-
zymes. The CTs were particularly susceptible to the fermentation
with human fecal microbiota, which probably indicates increased
bioavailability in the large intestine.

Effect of the NDF of common bean Negro 8025 on pH of
the incubation medium

Table 4 shows changes in pH values, measured as an indicator
of SCFAs production, during the fermentation of the NDF of
common bean (P. vulgaris L.) Negro 8025, the negative control
(fermentation medium plus fecal inocula) and raffinose (as fer-
mentable carbohydrate control) in the incubation medium during
48 h. As expected, the medium pH decreased over time, suggest-
ing medium acidification due to the SCFAs production (Granito
and others 2001). The largest decrease in pH by raffinose is prob-
ably due to its fast fermentation and easy accessibility to bacterial
action compared to complex polysaccharides, that is, the NDF
(Guillon and Champ 2002).

SCFA production
The SCFA yield in the FNDF and raffinose (as fermentable

carbohydrate control) after 48 h fermentation is shown in
Figure 1. Acetic acid was produced in the highest amount fol-
lowed by butyric and propionic acids, with butyric acid detectable
only in the FNDF. This suggests that NDF fermentation may con-

fer greater chemopreventive effect compared to the fermentation
from carbohydrates alone (Titgemeyer and others 1991; Garcı́a
and others 2002). This molar ratio (66.9, 3.0, and 30.0) of the 3
SCFAs (acetic, propionic, and butyric acids, respectively) is similar
to those reported previously (Beyer-Sehlmeyer and others 2003;
Munjal and others 2009).

Effect of FNDF on HT-29 cells survival
Figure 2 shows the effect of the 48 h FNDF of Negro 8025

on HT-29 cells after 24 h treatment, as well as the negative con-
trol (untreated cells). Cell survival was decreased by FNDF treat-
ment in a time- and concentration-dependent manner, where the
LC50 value was 13.63% FNDF (equivalent to 7.36, 0.33, and
3.31 mmol of acetic, propionic, and butyric acids, respectively).
Our results suggest that the NDF is a substrate fermentable by
colonic bacteria involving SCFA production as well as decrease in
pH, thereby influencing the adenocarcinoma colon cells survival,

Table 4–Effect of NDF of Negro 8025 and Raffinose on pH during
in vitro fermentation.

Sample 0 h 12 h 24 h 48 h

Control 7.07 ± 0.014Ba 6.87 ± 0.014Da 6.95 ± 0.007Ca 7.14 ± 0.007Aa

NDF 6.93 ± 0.007Ab 5.82 ± 0Bb 5.73 ± 0.007Cb 5.80 ± 0Bb

Raffinose 7.05 ± 0.007Aa 4.45 ± 0.014Bc 4.27 ± 0.007Dc 4.38 ± 0.007Cc

NDF = nondigestible fraction.
Results are the average of 2 independent experiments ± SD.
Means in the same line for hours with different letters are different α = 0.05, Tukey’s test.
Means in the same column for samples with different small letters are different α = 0.05,
Tukey’s test.

Figure 1–Amount of SCFAs in the fermented
NDF after 48 h. Results represent the average of
2 experiments ± SEM. A,B,C Means for SCFA with
different letters are different α = 0.05, t-test.
a,b,c Means for samples with different small
letters are different α = 0.05, Tukey’s test.
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Figure 2–Concentration-response curve of
FNDF on HT-29 cells survival. Each value
represents the average of 2 independent
experiments ± SD.
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Figure 3– Effect of FNDF on DNA
fragmentation. Results are expressed as the
percentage of apoptotic cells. A. Apoptotic cells
were identified by TUNEL technique DNA
fragmentation that can be observed as brown
spots (indicated by an arrow). (a) Control
(untreated HT-29 cells), (b) LC50-FNDF treated
cells, and (c) LC50-SCFA treated cells. B.
Apoptotic cells (%). Results are the mean ±
standard error of 2 experiments with 2
repetitions each. Different letters by sample
indicate significant difference α = 0.05, Tukey’s
test.

likely through apoptosis, and thus mitigate cancer development.
Similar inhibitory effect of HT-29 cell growth in response to some
chemoprotective compounds has been shown by other researchers
(Beyer-Sehlmeyer and others 2003; Campbell and others 2006;
Juan and others 2006).

Effect of FNDF on DNA fragmentation
Programmed cell death can be identified by several meth-

ods, for instance, with the TUNEL technique the DNA frag-
mentation can be observed as brown spots, indicating apoptosis
(Figure 3A). To further confirm the inhibition of survival, the HT-
29 cells were treated with LC50 of FNDF and SCFA (cells treated
with a synthetic mixture of SCFAs mimicking LC50-FNDF). A
small percentage of TUNEL-positivity was observed in the control
(untreated cells) (Figure 3B). Otherwise, the LC50-FNDF and the
LC50-SCFA treated cells showed no statistical difference in apop-
totic cells, 39.9% and 34%, respectively, suggesting an apoptotic
effect by the FNDF treatment, and an important role of the SC-
FAs in this process. DNA fragmentation by some chemoprotective
compounds on HT-29 cell has been observed in other studies (Juan
and others 2006; He and others 2007; Lim and others 2007).

These results confirm our previous investigation in rodent
model (Feregrino-Perez and others 2008) and suggest that the
same apoptotic process induced by the intrinsic or mitochondria-
dependent pathway also occurs at the cellular level in the presence
of NDF pre- and postfermentation. It also suggests that the pres-
ence of polyphenolics, especially CTs, is not a prerequisite for the
chemopreventive apoptotic effect.

Conclusions
Common bean (P. vulgaris L.) Negro 8025 has fermentable sub-

strates, such as the NDF (TDF, oligosaccharides, resistant starch,
and phenolic compounds), producing compounds that showed
chemoprotective effect by inducing DNA fragmentation (apopto-
sis) and inhibiting the HT-29 cell survival.
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