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Abstract
The prebiotic activities of agave fructans are well documented; however, little is known about the effects of agave fructan fractions
in particular. The aim of this study was to evaluate two Agave tequilana var. cenizo fructan fractions corresponding to intermediate
and high polymerization degree, on the growth of probiotic and pathogenic bacteria cultured in a human gastrointestinal tract
simulator. The growth was analyzed by plate count using media selective for Lactobacillus spp., Bifidobacterium spp. and
Clostridium spp., in the case of Salmonella spp. a differential media was used. In addition, the metabolites generated via fructan
metabolism were analyzed by ultra-high performance liquid chromatography. These results suggest that these fructan fractions
possess prebiotic activities and have beneficial effects via inhibition of intestinal pathogen growth. These effects particularly
depend on the length of the selected fructan fraction administration period. This knowledge is important for enhancing the
selective use of prebiotics in functional foods.
Keywords: Prebiotic, agave fructan, polymerization degree, ex-vivo system, short- chain fatty acid.

Resumen
La actividad prebiótica de fructanos de agave ha sido ampliamente reportada; sin embargo, existen pocos estudios que demuestren
esta actividad en función del grado de polimerización. El objetivo de este estudio fue evaluar dos fracciones de fructanos de Agave
tequilana var. cenizo correspondientes a grado de polimerización intermedio y alto en el crecimiento de bacterias probióticas
y patógenas cultivadas en un simulador de tracto digestivo humano. El crecimiento fue analizado mediante conteo en placa
utilizando medios de cultivo selectivos para Lactobacillus spp., Bifidobacterium spp., y Clostridium spp., y medio diferencial
para Salmonella spp. Adicionalmente, los metabolitos generados a partir de la digestión de fructanos, fueron analizados mediante
cromatografía líquida de alta resolución. Los resultados sugieren que las fracciones de intermedio y alto grado de polimerización
demostraron actividad prebiótica, además, mostraron inhibición en el crecimiento de bacterias patógenas intestinales. Estos
efectos benéficos dependieron del grado de polimerización de los fructanos y del periodo de administración. Estos resultados
proporcionan importante información para el uso selectivo de prebióticos en el área de alimentos funcionales.
Palabras clave: Prebiótico, fructanos de agave, grado de polimerización, sistema ex-vivo, ácidos grasos de cadena corta.

1 Introduction

The use of fructans has increased because of health
benefits relating to their prebiotic effects (Acosta-
Domínguez et al., 2018; Garcia-Curbelo et al., 2015;
Gómez-Angulo et al., 2018; Wilson & Whelan, 2017).
In Mexico, the main source of fructans is the agave

plant since these molecules are its main photosynthetic
product (Moreno-Vilet et al., 2014). Due to the
structure of these molecules (β 2-1 and 2-6 chemical
bonds), fructans are not digested by the human
gastrointestinal tract (GIT) enzymes and are capable
of reaching the section of the colon in which these
molecules are fermented by bacteria, thus favouring
the growth of these microorganisms (Fernandes et al.,
2012).
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The growth of specific colonic bacteria, mainly
Lactobacillus spp. and Bifidobacterium spp., has some
human health benefits, such as producing a decrease
in blood glucose, improvement of mineral absorption,
lipid homeostasis regulation, and immune system
modulation (Krumbeck et al., 2016; Márquez-Aguirre
et al., 2013). Furthermore, the GIT microbiota is
capable of producing a wide range of metabolites,
including short-chain fatty acids (SCFAs); these
molecules are absorbed in the colon, are generally
composed of 1-6 carbon units, and their production is
influenced by the consumption of prebiotics (Morrison
& Preston, 2016) and dietary fibers (Smith et al.,
2013), which are fermented by microbiota.

SCFAs exert diverse effects on human physiology
by contributing to intestinal environment regulation,
influencing colonocyte physiology, and participating
in different host signaling mechanisms. Nevertheless,
reports regarding the prebiotic activities of agave
fructans in relation to their polymerization degree
(PD) are insufficient. There are different methods for
evaluating the prebiotic effects of Agave ingredients,
which may be via in-vitro studies (Arrizon et
al., 2014; González-Avila et al., 2014; Moreno-
Vilet et al., 2014), in-vivo studies (Márquez-Aguirre
et al., 2016), and/or clinical trials (Ramnani et
al., 2015). One prebiotic characteristic is selective
metabolism by certain bacterial groups, and this
can only be determined in studies utilizing mixed
microbial cultures that mimic the GIT microbial
environment (Gomez et al., 2010). It is important
to highlight that various existing approaches for gut
microbiota studies are based on the use of faecal
samples because they are easy to obtain and by non-
invasive methods. However, these approaches do not
simulate the various parts of the GIT; furthermore,
during colonic fermentation, there are substances
produced that can be absorbed or metabolized. These
disadvantages may be overcome with the use of GIT
simulators (Olivarez-Romero et al., 2018; Marzorati
et al., 2015). The Automatic and Robotic Intestinal
System (ARIS) is a scientific tool that mimics the
human GIT. ARIS represents five sections of the
GIT (stomach, small intestine [duodenum, jejunum,
and ileum], and ascending, transverse, and descending
colon sections) and can be adapted for the study
of any population parameter, including physiological
and dietary parameters. The colonic sections are
inoculated with microbiota obtained from different
subjects. This system allows for assessment of the
effects of bioactive ingredients, functional foods, and

food ingredients on intestinal microbiota along with
the associated health impacts (Ruiz-Alvarez et al.,
2014). The aim of this study was to evaluate two Agave
tequilana var. cenizo fructan fractions corresponding
to intermediate and high polymerization degree, on the
growth of probiotic and pathogenic bacteria cultured
in a human gastrointestinal tract simulator.

2 Materials and methods

2.1 Agave fructan fractions

Two agave fructan fractions were used in this study:
intermediate PD (IPD) (10-22 fructose molecules) and
high PD (HPD) (22-60 fructose molecules). These
were extracted from Agave tequilana var. cenizo
harvested in the state of Jalisco, Mexico. Aqueous
preparations of these extracts were used, and their
preparation was carried out as previously described
(Lopez et al., 2003). The fructans were then subject to
fractionation utilizing ultrafiltration membranes. The
fractions were freeze-dried and kept frozen (-20ºC)
until further evaluation.

2.2 Conditioning of the GastroIntestinal
Tract Simulator

ARIS was used to evaluate the effect of two agave
fructan fractions on intestinal microbiota. Before
the evaluation, the pH in the complete system was
adjusted; the pH in each section was automatically
adjusted by the addition of 3 M NaOH or 0.5 M HCl
by pH titrators (EZO-PH, Atlas Scientific LLCTM).
The reactor vessels were stirred continuously with a
magnetic stirrer at 120 rpm, and the temperature was
kept at 37 °C. Reactor volumes and residence times
in each GIT section were established according to
human physiology as shown in Fig. 1 (Macfarlane
et al., 1998). For this study, the latter three sections
were inoculated with fresh faecal microbiota from
20 healthy volunteers between 18 and 55 years who
had no history of antibiotic treatment in the three
months prior to the faecal sample collection. Aliquots
of 2 g of faecal samples from each subject were diluted
with 20 mL of a sterile phosphate buffer solution
(0.1 mol/L, pH 7), homogenized, and then centrifuged
at 5000 rpm for 10 min at 4 ° C. Five milliliters of
each supernatant with bacteria were inoculated into
each colonic compartment in the simulator system.
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Fig. 1. Schematic representation of the human gastrointestinal tract simulator ARIS. ARIS: Automatic Robotic
Intestinal System; Reactor 1: stomach; Reactor 2: small intestine (SI); Reactor 3, 4, and 5 represent the ascending
colon (AC), transverse colon (TC), and descending colon (DC), respectively.

Previously, each reactor contained 100 mL of a
growth medium for the microbial inoculum according
to (Molly et al., 1993). After inoculation, a 2-
week stabilization period was required to allow the
microbial community to differentiate in the distinct
colon sections, depending on their environmental
conditions (Terpend et al., 2013).

2.3 Ex-vivo fermentation of agave fructans

Two fractions were studied separately; 1 g/day was
employed because the ARIS system was downscaled
to 10% of the recommended supplementation of
10 g (Fedewa & Rao, 2013). Fructan IPD and HPD
fractions were added for nine consecutive days to the
ARIS diet. The dietary composition was established
through dietary questionnaires in order to mimic the
diet of the population that donated the faecal samples.
The diet was composed of 65% carbohydrates, 15%
protein, and 20% lipids. The process of fructan
digestion was carried out according to Hernández-
Moedano et al., 2014, following the patent procedure
(González-Avila and collaborator Mx 354295 2018).

Digestibility in stomach was initiated by adjusting
the pH to 2.3 with 5 M HCl and adding 20 mL of
pepsin solution (0.7 Ug/L porcine gastric enzyme,
Sigma-Aldrich, St. Louis MO, USA) fallowing the
procedure of (Gutiérrez-Zamorano et al., 2019). In

this GIT section, the sample was continually stirred
for 2 h. Immediately after stomach digestion finished,
the pH of sample was adjusted to 5.5 with a 3 M
NaOH solution and 9 mL of a pancreatic enzyme
mixture (25,000 Ug/L lipase, 100,000Ug/L amylase,
and 60,000 Ug/L protease, Sigma Aldrich St. Louis
MO. USA), and 20 mg/mL of bile salts extract (Sigma
Aldrich, St. Louis MO, USA) were added (Santiaguín-
Padilla et al., 2019). The mixture was stirred at 60 rpm
for 4 h (Molly et al., 1993). After the digestive process
in the upper part of the GIT, food with each type
of fructan passed into each colon section. The food
retention time through the different colon sections
was 66 h and included the time required to ferment
complex carbohydrates and form products in addition
to allowing bacterial populations to grow. The total
transit of the whole GIT system was set to 72 h
in order to mimic the microbiota colonization of
the intestine in vivo (Molly et al., 1993). Samples
were taken at the following different times: (1)
day 0 (control/baseline period); (2) on day 4 of
administration; and (3) on day 9 of administration. All
three colon segments, including ascending, transverse,
and descending, were evaluated. Colony forming units
(CFU) from bacteria of the genera Lactobacillus
spp., Bifidobacterium spp., (probiotics), Clostridium
spp., and Salmonella spp. (opportunistic pathogens)
were quantified using plate counts. Bacterial counts
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were performed using DeMan, Rogosa, and Sharpe
(MRS) media (BIOXON) for Lactobacillus spp.
(24 h, microaerophilic), Bifidus Selective Medium
(BSM) (Sigma Aldrich) for Bifidobacterium spp. (48
h, anaerobic), Tryptose Sulfite Cycloserine (TSC)
(Sigma Aldrich) for Clostridia (48 h, anaerobic) and
for Salmonella spp. (24 h, microaerophilic), Lysine
Iron Agar (LIA) (Sigma Aldrich) was used. LIA
is a differential media that differentiates Salmonella
colonies from Enterobacteriaceae based on color
change from purple to yellow, if lysine is not
decarboxylated and lactose or sucrose or both are
fermented. Typical salmonellae decarboxylate lysine
and do not ferment lactose or sucrose and thereforethe
purple color of the medium is maintained (Atlas &
Snyder, 2006; Procura et al., 2019).

2.4 Ultra-High Pressure Liquid Chromato-
graphy

Samples of each fructan fraction were taken from
ARIS colon sections during the control period and
after four and nine days. These were analyzed using
the ultra-high performance liquid chromatography
(UHPLC) Acquitic Arc System with refractive
index (RI) detection (Waters Corp., Milford, MA,
USA). Samples were rendered cell-free through
centrifugation (5,000 RPM, 10 min, 4°C) and filtered
through 0.22-µm filters prior to injection (10 µL) into
the column. All samples were analyzed in triplicate.
Calibration curves were prepared for each metabolite
in order to quantify each metabolite.

2.4.1 Sugars, lactic acid, and short-chain fatty acid
determinations

Residual concentrations of sucrose, fructose, and
glucose were determined using the Aminex HPX-87C
(250 mm × 4.0 mm) column. Acetonitrile (1.0%) in
water was the mobile-phase reagent with a flow rate of
0.2 mL min−1. Lactic, acetic, propionic, butyric, and
isobutyric acids were analyzed using the SHODEX
KC-811 (7 µm, 8 × 300 mm) column. Phosphoric acid
(0.1%) in water comprised the mobile-phase reagent
with a flow rate of 1.0 g/L.

2.5 Statistical analysis

Analytical data were expressed as the mean ± standard
error of the mean (SEM) of the three separate
CFU plate counts and short-chain fatty acid (SCFA)
and carbohydrate determinations. One-way analysis
of variance (ANOVA) with post-hoc Tukey HSD

tests were conducted to compare microbial counts,
SCFAs, and carbohydrate results. All of the statistical
analyses were carried out using the STATGRAPHICS
Centurion ver. XVI.II statistical software.

3 Results and discussion

Both fructan fractions have been previously tested in
vitro, and they showed high prebiotic activity with
respect to specific bacteria. The majority of these
bacteria pertained to the Lactobacillus genus (Gamboa
et al., 2018). Hence, the objective of this work was
to evaluate these two fractions and compare their
capability to be fermented by the colonic microbiota
in a human digestive tract simulator. By means
of the dynamic multireactor GIT simulator, which
is representative of human ascending, transverse,
and descending colon conditions, it was possible to
demonstrate that the two fructan fractions exhibited
different fermentation profiles and induced different
specific effects in the different colon regions.

The bacterial counts are presented in Fig. 2.
Counts from the control period were utilized as a
reference point in order to assess changes in bacterial
populations. When the fructan IPD fraction was
administered, significant increases in Lactobacillus
spp., Clostridium spp., and Salmonella spp. (p <
0.05) were observed on day 4 of administration
in the transverse colon section (+1.84, +1.32,
and +2.7 log CFU/mL, respectively), whereas by
day 9 of administration, Lactobacillus spp. had
increased in the ascending colon (+1.99 log CFU/mL),
Bifidobacterium spp. had increased in the descending
colon (+0.86 log CFU/mL), and Salmonella spp. had
decreased in the transverse colon (-1.24 log CFU/mL)
(p < 0.05).

With respect to the administration of HPD
fructans, no significant differences (p < 0.05) in the
Lactobacillus and Salmonella groups were observed
by day 4 of administration in any colon section.
Also, on day 4, bifidobacteria strains had increased
in the transverse colon (+0.95 log CFU/mL), while
Clostridia showed a decreased in the ascending colon
(-1.30 log CFU/mL) compared to the control period.
On day 9 of fructan HPD administration, a significant
change (p < 0.05) was exhibited regarding the
population of the four bacterial genera compared to the
control period (day 0). Lactobacillus spp. increased
in the ascending and in the transverse colon sections
(+1.77 and +0.82 log CFU/mL, respectively).
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Fig. 2. Bacterial count results of the metabolization of agave fructans in ARIS. (A) Lactobacillus spp.; (B)
Bifidobacterium spp.; (C) Salmonella spp., and (D) Clostridium spp. Samples were taken in triplicate; the standard
error is indicated in each bar. Different lowercase letters indicate significant differences (p < 0.05) among day
0 (control period), day 4 and day 9 for a colon section. Ascending Colon (AC); Transverse Colon (TC), and
Descending Colon (DC).

Bifidobacterium spp. increased in the ascending
and the descending colon sections (+1.30 and +1.59
log CFU/mL, respectively). Salmonella spp. decreased
in the ascending and transverse colon sections (-1.29
and -1.03 log CFU/mL, respectively), and Clostridium
spp. increased in the ascending colon (+1.75 log
CFU/mL).

An analysis was also performed to compare each
fructan PD with respect to the growth of each
bacterial group. Lactobacilli revealed growth in both
fructan fractions, but no significant differences (p <
0.05) were found between them. Bacteria of the
species Bifidobacterium spp. and Clostridium spp.
demonstrated higher growth following fructan HPD
administration. On the other hand, Salmonella spp.

showed higher growth when IPD fractions of Agave
tequilana var. cenizo were administrated (p < 0.05).
According to the definition of prebiotics (Rastall &
Gibson, 2015) and the great interest in prebiotic
development that stimulates growth of probiotics
and inhibits pathogen growth (Marzorati et al.,
2015), these two analysed fractions (IPD and HPD)
could be used as prebiotics. They were selectively
fermented by probiotic bacteria, and there was a
decrease in the growth of pathogens in the GIT after
their administration, thus they fulfilled the prebiotic
definition. This process was also related to the time
of the fructan fraction administration and the colon
section.
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Intestinal microbiota analysis (plate counts)
confirmed a different modulating effect of both fructan
fractions on the simulated colon compartments.
Lactobacillus spp. showed an increase on day 4
of fructan IPD administration. This suggests that
the bacteria of this genus possess the capability
to metabolize these polymers upon first contact;
therefore, no prolonged administration is necessary
to provide a prebiotic effect as the literature has
suggested (Santos et al., 2006). In addition, on
day 9 of administration, both fructan fractions
demonstrated a beneficial prebiotic effect with
respect to Lactobacillus spp. and Bifidobacterium
spp. According to the previous results, long-term
administration causes an increase in beneficial bacteria
in the different sections of the colon as has been
suggested in the literature (Santos et al., 2006). These
two genera have been reported as potentially beneficial
bacteria, which shows that these two fractions have a
potential health-promoting effect (Zhang et al., 2015).

On the other hand, both fractions exhibited an
inhibitory effect on pathogen growth. The HPD
fraction presented inhibition of the Clostridia genus
on day 4 of administration. Furthermore, on day
9 of administration, the HPD fraction showed

an inhibitory effect on Salmonella spp. The IPD
fraction produced inhibition for Salmonella strains
after nine days of administration. This decrease
in the presence of pathogens could be due to
inhibition of pathogen growth by probiotic bacteria
and also because the beneficial microbiota play an
important role in the production of metabolites with
antimicrobial activity, such as butyric acid, which is
an SCFA that possesses the capability of suppressing
intestinal bacterial expansion (Melgar-Lalanne et al.,
2019; Nagao-Kitamoto, Kitamoto, Kuffa, & Kamada,
2016). Furthermore, pathogens are responsible for
the generation of gas, intestinal infections, diarrhea,
and abdominal bloating (Ringel-Kulka et al., 2016);
therefore, it is possible that the IPD and HPD fractions
will also help with these symptoms.

A wide range of bacterial hydrolytic enzymes
are capable of causing complex molecule
depolymerization (Macfarlane & Macfarlane, 2003).
Agave fructans are included in the group of
polysaccharides that bypass small intestinal digestion
and may be used as a substrate for these bacteria
and for the production SCFAs as a result of this
fermentation.

Table 1. Lactic acid and Short-Chain Fatty Acids production by fermentation of agave fructans in a gastrointestinal
tract simulator.

LACTIC ACID AND SCFAS/ FRUCTAN FRACTIONS
COLON SECTION

IPD HPD

CONTROL DAY 4 OF DAY 9 OF CONTROL DAY 4 OF DAY 9 OF
PERIOD ADMINISTRATION ADMINISTRATION PERIOD ADMINISTRATION ADMINISTRATION

(MMOL L−1) (MMOL L−1) (MMOL L−1) (MMOL L−1) (MMOL L−1) (MMOL L−1)

Lactic acid
AC 527.48 ± 0.04aB 176.57 ± 0.04cC 411.60 ± 0.07bC 516.16 ± 0.03bC 522.05 ± 0.46aC 503.99 ± 0.14cC
TC 558.55 ± 0.13aA 522.06 ± 0.05cA 522.81 ± 0.10bA 568.59 ± 0.56cA 657.54 ± 0.09aA 645.75 ±0.32bA
DC 450.60 ± 0.53cC 484.56 ± 0.01bB 521.31 ± 0.10aB 599.71 ± 0.32cB 633.34 ± 0.01aB 628.52 ± 0.23bB

Acetic acid
AC 44.80 ± 0.24aA 32.44 ± 0.22bC 11.80 ± 0.03cC 21.11 ± 0.34aC 15.84 ± 0.45bB 11.74 ± 0.14cC
TC 24.30 ± 0.00bB 36.42 ± 0.01aB 20.67 ± 0.57cB 30.63 ± 0.21aB 17.42 ± 0.12bB 14.82 ± 0.16cB
DC 16.05 ± 0.08cC 45.20 ± 0.09aA 28.66 ± 0.20bA 70.14 ± 0.27aA 48.87 ± 0.59bA 41.70 ± 0.17cA

Propionic acid
AC 38.95 ± 0.71bA 65.45 ± 0.42aA 11.50 ± 0.28cC 35.96 ± 0.92aA 31.02 ± 0.14bA 17.83 ± 0.99cB
TC 27.99 ± 0.71bB 48.75 ± 0.05aB 17.27 ± 0.71cB 33.02 ± 0.14aB 26.21 ± 0.85bB 23.68 ± 0.80bA
DC 26.84 ± 0.71bB 37.39 ± 0.15aC 21.90 ±0.71cA 28.13 ± 0.71aC 26.33 ± 0.63aB 23.85 ± 0.89bA

Butyric acid
AC 35.70 ± 0.02aA 35.41 ± 0.76aA 30.71 ± 1.07bA 34.77 ± 0.41bA 38.64 ± 0.98aA 32.07 ± 0.14cB
TC 36.11 ± 0.37aA 34.08 ± 0.95aA 31.84 ± 0.81bA 32.83 ± 0.33aB 40.16 ±3.79aA 38.22 ± 0.17aA
DC 34.96 ± 0.19aB 29.08 ± 2.53aA 24.47 ± 0.05bB 33.27 ± 0.06aB 31.05 ± 0.41bA 30.34 ± 0.63bC

Isobutyric acid
AC 6.05 ± 0.24aA 4.97 ± 0.46aB 2.91 ± 0.33bB 4.66 ± 0.13aB 3.83 ± 0.52aA 3.59 ± 0.20aB
TC 3.90 ± 0.07bB 7.38 ± 0.68aA 4.44 ± 0.33bA 4.43 ± 0.09aB 3.88 ± 1.02aA 3.93 ± 0.27aB
DC 4.86 ± 0.01cB 7.24 ± 0.21aA 5.42 ± 0.01bA 5.90 ± 0.34aA 5.64 ± 0.35aA 6.45 ± 0.68aA
SCFAs: Short-Chain Fatty Acids; IPD: intermediate polymerization degree fructans; HPD high polymerization degree fructans; AC; Ascending Colon; TC:
Transverse Colon; DC: Descending Colon. Different lowercase letters indicate significant differences in rows among administrations for a colon section. Different
capital letters in columns indicate significant differences among colon sections for a certain time (p < 0.05).
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Table 1 presents SCFA profiles generated
during fructans fermentation. Lactic acid was the
metabolite produced in the greatest amount after
the administration of either agave fructan fraction.
Following the fructan IPD fraction administration,
significant decreases in lactic acid concentrations were
observed on day 4 in the ascending and transverse
colon (p < 0.05) compared to day 0. Regarding the
administration of the fructan HPD fraction, increases
in lactic acid concentrations were observed on day 4
in all colon sections (p < 0.05).

Acetic acid decreased after the fructan IPD
fraction was administered for nine days. Furthermore,
while the acetic acid concentration was higher in the
proximal colon during the control period, after the IPD
fraction was administered, significantly higher acetic
acid concentrations (p < 0.05) appeared in the distal
colon section on days 4 and 9 of administration. When
the fructan HPD fraction was administered, a decrease
in acetic acid concentrations was demonstrated on day
4 of administration.

After the IPD fraction was administered, propionic
acid concentrations changed over time in a similar
manner within the three colon sections. The propionic
acid concentrations had increased on day 4 of
administration; however, it decreased by day 9 of
administration (p < 0.05). In the case of the HPD
fraction administration, there was a decrease in
propionic acid on days 4 and 9 of administration
in the three colon sections compared to the control
day (p < 0.05). In addition, the propionic acid
concentration during the control period was greater
in the proximal colon section, while on day 9 of
administration of both fructan fractions, a greater
propionic acid concentration was observed in the
distal colon (p < 0.05). Fallowing the IPD fraction
administration, butyric acid concentrations showed a
decrease on days 4 and 9 of administration in the
three colon sections with respect to the control period
(day 0) (p < 0.05). When the fructan HPD fraction
was administered, different effects were observed
in the different regions; for example, butyric acid
had increased in the ascending colon on day 4 of
administration and then showed a decrease by day 9
of administration. There were no significant changes
in the traverse colon section, whereas the distal colon
showed a decrease on day 4 (p < 0.05).

Isobutyric acid production showed a tendency to
decrease by day 9 of IPD fructan administration.
However, after HPD fructan administration, no
changes in isobutryic acid production were observed
in any of the colon sections (p < 0.05).

Lactic acid, which is not considered to be an
SCFA, was the compound that was generated at
highest concentrations during the fermentation of both
fructans. This organic acid may decrease the pH of
the culture and as consequence the growth of the
growth may decrease of pathogens as a reported in
other studies (García-Gamboa et al., 2018; Tejero-
Sariñena et al., 2012). It is important to mention
that physiologically, this metabolite does not generally
accumulate in the colon because it can serve as
a substrate for other bacteria, such as propionic
acid- and butyric acid-producing bacteria, which can
convert lactic acid into other SCFAs (Ríos-Covián et
al., 2016). Therefore, since lactic acid is produced
in large quantities, it is likely that these two fructan
fractions are related to both propionic and butyric
acid production. Similar to lactic acid, acetic acid
production is important because this acid is a precursor
of butyric acid (Belzer et al., 2017). Because of
the increase in acetic acid presented during IPD
fermentation, it is possible to infer that this fraction
can generate higher butyric acid production. Likewise,
the IPD versus the HPD fraction exhibited a greater
effect on the production of propionic acid. This is
beneficial because propionic acid contributes to serum
cholesterol reduction (Louis & Flint, 2017).

In addition of SCFAs production, there are
other substances capable of suppressing the growth
of pathogenic bacteria; inhibitory peptides are
an example of these substances (bacteriocins).
Lactobacillus (Ge et al., 2016) and Bifidobacterium
(Cheikhyoussef et al., 2009) species may produce
bacteriocins. In this study, the growth of this
probiotics was achieved through the metabolization
of agave fructans and it can be assumed that the
lack of production of SCFAs and the pathogen
inhibition presented in some colon sections after HPD
fructans metabolization was due to the production of
bacteriocins.

Table 2 illustrates the amount of sucrose, fructose,
and glucose after the metabolism of the carbohydrates.
When the fructan IPD fraction was administered,
a significant decrease in sucrose concentration was
observed in the different colon sections. The ascending
colon demonstrated an increase on day 4 and a
decrease by day 9 after administration. There were
no changes over time in the transverse colon section,
while in the descending colon, there was a decrease
on day 4 (p < 0.05). After administration of the
fructan HPD fraction, similar effects were found in the
three colon sections, revealing a decrease on day 4 of
administration (p < 0.05).
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Table 2. Sugar production by fermentation of agave fructans in a gastrointestinal tract simulator.
SUGAR/ FRUCTAN FRACTION
COLON SECTION

IPD HPD

CONTROL DAY 4 OF DAY 9 OF CONTROL DAY 4 OF DAY 9 OF
PERIOD ADMINISTRATION ADMINISTRATION PERIOD ADMINISTRATION ADMINISTRATION

(MMOL L−1) (MMOL L−1) (MMOL L−1) (MMOL L−1) (MMOL L−1) (MMOL L−1)

Sucrose
AC 0.00 ± 0.00bB 4.63 ± 0.62aA 0.73 ± 0.02bA 0.40 ± 0.00aA 1.28 ± 0.00bA 0.84 ± 0.11cA
TC 0.00 ± 0.00B 0.00 ± 0.00B 0.02 ± 0.00B 0.16 ± 0.00aB 0.00 ± 0.00bB 0.00 ± 0.00bB
DC 2.89 ± 0.0.1aA 0.06 ± 0.00bB 0.00 ± 0.00cB 0.02 ± 0.00aC 0.00 ± 0.00bB 0.00 ± 0.00bB

Fructose
AC 0.75 ± 0.03bB 3.74 ± 0.26aA 0.40 ± 0.00bA 0.52 ± 0.00cC 1.06 ± 0.00bA 1.31 ± 0.01aA
TC 0.74 ± 0.02aB 0.18 ± 0.07bB 0.25 ± 0.00bB 0.68 ± 0.00aA 0.67 ± 0.01aB 0.54 ± 0.02bB
DC 0.90 ±0.02aA 0.27 ± 0.03bB 0.21 ± 0.03bB 0.57 ± 0.01aB 0.30 ± 0.09bC 0.26 ± 0.01bC

Glucose
AC 1.91 ± 0.03cB 6.29 ± 0.51aA 4.29 ± 0.63bA 1.74 ± 0.32bB 5.51 ±0.48aA 1.99 ± 0.07bA
TC 2.33 ± 0.02aA 0.42 ± 0.31bB 0.44 ± 0.00bB 2.20 ± 0.33aA 2.21 ± 0.02aB 0.82 ± 0.00bB
DC 2.00 ± 0.02aA 0.00 ± 0.00bB 0.00 ± 0.00bB 0.38 ± 0.01aC 0.19 ± 0.01bC 0.12 ± 0.01cC
IPD: intermediate polymerization degree fructans; HPD high polymerization degree fructans; AC; Ascending Colon; TC: Transverse Colon; DC:
Descending Colon. Different lowercase letters indicate significant differences in rows among administration for a specific colon section. Different
capital letters in columns indicate significant differences between colon sections for a time (P < 0.05).

Monomers, fructose, and glucose, had results
similar to those with fermentation of both fructan
fractions. Their concentrations increased in the
ascending colon on day 4 of administration and
then decreased by day 9 of administration. These
compounds showed a decrease after day 4 in the
transverse and descending colon sections (p < 0.05).

Agave fructans are non-digestible substrates for
colonic hydrolytic enzymes and are generally of
the β-fructofuranosidase type (EC 3.2.1.26). Simpler
fructans are generated with a PD between two and
eight monomers; in addition, fructose and glucose
are products of this hydrolysis (Falony et al., 2009).
Some strains of bacteria, mainly bacteria of the
genus Lactobacillus spp. and Bifidobacterium spp., are
capable of metabolizing fructose and glucose through
the fructose 6-phosphate phosphoketolase pathway
(Rivière et al., 2016) and the Embden-Meyerhof-
Parnas pathway (Moens et al., 2016). Furthermore, it
has also been well documented that Bifidobacterium
spp. is able to metabolize fructooligosaccharides
(Payne et al., 2012). Intestinal microbiota can undergo
a period of adaptation to new substrates; on the other
hand, it can also face excessive amounts of family
substrate (Hollie et al., 2009). Therefore, it is possible
that the bacteria belonging to the ascending colon
underwent this adaptation period due to the increase
in these types of carbohydrates. Consequently, after
nine days of administration of both fructan fractions,
it is possible to speculate that the ARIS-related
intestinal microbiota underwent the adaptation period
due to the reduction of sucrose, fructose, and glucose.

Consequently, metabolic activities are subject to
modifications during the adaptation period (Payne et
al., 2012).

Conclusions

As a conclusion, the favourable growth of
Lactobacillus spp. and Bifidobacterium spp. by means
of the colonic fermentation of the IPD and HPD
fractions suggest that they possess prebiotic activity
when they are administrated long-term. In addition,
these fructan fractions may inhibit of the growth
of Clostridium spp. and Salmonella spp., which are
pathogens associated with GIT diseases. Fructan HPD
fractions produced major inhibitory effects that may be
related to bacteriocins production. SCFA production
was higher during the IPD fraction’s fermentation,
particularly with respect to acetic and propionic acids.
These effects appear to specifically depend on the
length of the administration period into the GIT
simulator. These results suggest that these fructan
fractions could potentially play a role in health and
could be of interest for new product development.
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