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The beneficial health of evaluating prebiotic effect by the consumption of Agave salmiana
fructans (A. salmiana fructans) was assessed in the epithelium of the cecum and
proximal colon of Wistar rats fed at different doses for 35 days with regards to
mucus production, morphological cell changes, and the serum concentration of tumor
necrosis factor-α (TNF-α). Results showed a significant increase in mucus-secreting
cells (P < 0.05) and a normal structure with preserved crypts, without morphological
damage to colonic cells for a dose of 12.5% (w/w) with respect to the control and
the other doses evaluated. The concentration of pro-inflammatory cytokine TNF-α was
decreased significantly (P < 0.05) in the groups with doses of 10 and 12.5% (w/w) at
7 and 35 days, respectively. This effect was positively correlated with the reduction of
inflammation in epithelial cells. This study provides direct evidence of the effects of the
A. salmiana fructans on the colonic epithelium, demonstrating that a diet supplemented
with 12.5% of fructans for 35 days exerts health benefits through the strengthening
of the mucosa layer, which favors the adherence of the bacterial population and
suppresses inflammation.
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INTRODUCTION

Agave fructans (A. fructans) represent a category of branched natural compounds. Furthermore,
they have a complex structure with a fructose-fructose glycosidic ß (2-1) and ß (2-6) bond, with
one terminal glucose unit. Because of the branched structure and type of linkage β of these
molecules, they have been used as a prebiotic ingredient. Prebiotic is a substrate selectively utilized
by commensal host microbiota, which confers a health benefit (Gibson et al., 2017). Previous
studies have reported that A. salmiana fructans exert beneficial physio-metabolic effects on the
host, commensal bacteria growth, and metabolic activity, particularly, on short-chain fatty acids
(SCFAs) as products of microbiota fermentation in the colon. Therefore, its consumption could
decrease the risk of gastrointestinal diseases (Moreno-Vilet et al., 2014; Jasso-Padilla et al., 2016;
Martinez-Gutierrez et al., 2017; Castillo Andrade et al., 2018, 2019). The effect of A. salmiana
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fructans on mucus production and the morphology of the
epithelial cells, however, has not been reported. The gut
epithelium constitutes a physical barrier that regulates the
transcellular and paracellular transit of exogenous substances
and impairs the entry of most paracellular cells. This barrier
is strengthened by the mucus layer integrated by glycoproteins
(mucins), the synthesis of antimicrobial peptides, and other
secretions (bile, organic acids, and enzymes; Laparra and
Sanz, 2010). The dietary intake of prebiotics promotes mucus
secretion, thus, improving colonic barrier function (Brownlee
et al., 2003). In addition, it is known that the endogenous
probiotic bacteria of the colon produce SCFAs through the
fermentation of fructans, which has a positive impact on
the regulation of the gut homeostasis, while subsequently
suppressing intestinal inflammation. Butyrate provides 70% of
the colonocytes metabolic needs, by controlling normal colonic
mucosal homeostasis through its proliferative and apoptotic
properties in healthy and transformed tissues (Daly et al., 2005).
Beyond its nutritional impact on colonic epithelial cells, butyrate
regulates fluid and electrolyte uptake, influencing epithelial cell
cytokines, and enhancing barrier function (Canani et al., 2012;
Schaafsma and Slavin, 2015). Several authors have shown an
increase in SCFA production when fructans are consumed (Van
de Wiele et al., 2004; Paturi et al., 2015; Paßlack et al., 2015:
Ramnani et al., 2015; Castillo Andrade et al., 2019). The prebiotic
effect of fructans on epithelial cells and the production of SCFAs
could be dependent on the dose and branched prebiotic. The
excessive SCFAs and higher endotoxin production derived from
gram-negative bacteria induce acute ruminal acidosis leading
to severe damage to rumen epithelium (Tao et al., 2014).
Castillo Andrade et al. (2019) showed that rats fed with high
doses (15 and 20%) of A. salmiana fructans experienced a
loss of cells, a disruption and disappearance of the mucous
layer, and the presence of hemorrhages and inflammatory
infiltrates. In addition, some proof has been found that changes
in gut epithelium produce a disturbed balance between pro-
inflammatory and anti-inflammatory cytokines, with increased
levels of the pro-inflammatory cytokine interleukin-1 (IL-1),
interleukin-6 (IL-6), interleukin-8 (IL- 8), and tumor necrosis
factor-α (TNF-α) (Rogler and Andus, 1998). Therefore, this
study aimed to evaluate the influence of A. salmiana fructans
consumption at different doses (5, 10, 12.5, 15, and 20%)
on mucus production and the morphological changes of the
cecum and proximal colon of Wistar rats through histological
analyses and scanning electron microscopy (SEM). Additionally,
the quantification of TNF-α was also performed as a direct
measurement of suppressing inflammation.

MATERIALS AND METHODS

Attainment and Characterization of the
Agave salmiana Fructans Powder
Six heads of A. salmiana Otto ex Salm–Dyck were collected
in the community of Charcas, in the state of San Luis Potosi,
Mexico, taking into account the complete physiological ripeness
features of the plant to ensure high fructan content according

to Aguirre-Rivera et al. (2001). The heads with plant number
034802 were identified by the Instituto de Zonas Desérticas de
la Universidad Autónoma de San Luis Potosí. For the extraction
of fructans, the juice extracted from the stem of A. salmiana
was filtered in a stainless steel press filter (Shriv 405 type)
to eliminate all fibers, and later, it was subjected to 80◦C for
30 min in a water bath with continuous agitation to inactivate
the saponins. The juice was then concentrated at 42 ± 1◦C
by using cooking and vacuum impregnation equipment (J.P.
Selecta Gastrovac, Barcelona, Spain) until the extract had a
consistent density of approximately 50 Brix. The concentrates
were subsequently dried (to approximately 95% dry matter) in a
forced-air oven (SHEL LAB FX14, United States) at 53 ± 2◦C.
With this process, an A. salmiana fructans purity of 88% was
obtained (Castillo Andrade et al., 2019).

Animals and Diet
The animals were handled according to the specifications
for care and management described in the official
Mexican standard NOM-062-ZOO-1999. The experimental
procedure was approved by the local University Ethics
Committee for Animal Research under registration number
CONBIOÉTICA24CEI00820131212. Eight-week-old male
Wistar rats (n = 48) were housed individually in acrylic cages
containing pressed wood chips as bedding. The room housing
the rats was maintained at a temperature of 22 ± 1◦C and
50 ± 5% humidity, with air exchanged 12 times/h, and a 12-h
light/dark cycle. After 7 days of acclimation, the animals were
randomly distributed into six groups (n = 8/group). The control
group received a standard diet (Lab Diet 5001, Prolab RMH
2500) without fructans. The other groups received a standard
diet supplemented with different concentrations (w/w) of
fructans (5, 10, 12.5, 15, and 20%). The pellets were prepared
according to Castillo Andrade et al. (2018). All rat groups were
given ad libitum access to water and 35 g/day of pellets with
the corresponding dose for 35 days. The daily quantity of food
(35 g/day) was according to the feeding directions suggested
by the Prolab RMH 2500 diet. The animals were fed once a
day for 35 days. Every 7 days, blood samples were taken by
puncturing the caudal vein through the MARPER drip technique
(1.2 ml blood sample) prior to fasting for 12 h (Martin-Pérez,
2000). After 35 days of treatment, the rats were euthanized
through a pentobarbital sodium overdose (80 mg/kg), and
blood samples were collected by heart puncture. Serum was
separated by centrifuging the blood at 3,000 rpm for 10 min and
stored at –20◦C for quantification of TNF-α. The cecum and
colon organs were carefully removed under sterile conditions.
The organs were immediately snap-frozen in liquid nitrogen
and stored at –80◦C for subsequent analysis. All animals were
observed throughout the experiment for mortality and clinical
signs of morbidity.

Histological Analyses of the Cecum and
Proximal Colon
Cecum and proximal colon organs were thawed at room
temperature, cut transversely in sections of approximately
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1 cm, and fixed in 10% buffered formalin. Tissue fragments
were embedded in paraffin, and two stained types were done.
A portion of the tissues was stained with hematoxylin and
eosin to quantify the mucus production and variations of cell
nuclei length. To obtain the average of cell nuclei length, 10
individual nuclei were measured using a micrometric ruler of
the software cellSens. Another part was stained with Masson
staining to determine general features, connective tissues, and
collagen fibers. The images of every tissue were obtained at
10 × and 40 × magnification using a digital camera (an Olympus
DP27, Tokyo, Japan) mounted on a CX31 microscope (Olympus,
Tokyo, Japan) connected to a computer. Once captured, the
images were processed using cellSens imaging software version
1.16 of Olympus.

Scanning Electron Microscopy of the
Cecum and Proximal Colon
Scanning electron microscopy was performed in the tissues
of rats that consumed 0, 12.5, and 15% of the dose to
detect changes in mucosa ultrastructure associated with the
consumption of fructans. The cecum and proximal colon were
thawed at room temperature and cut longitudinally along the
minor curvature. The tissues were washed with phosphate-
buffered saline (PBS) a pH 7.3 to remove all fecal matter and
endogenous bacteria according to the technique described by
Barnali and Ghosh (2014) with modifications. The tissue sections
were fixed in 2.5% glutaraldehyde for 2 h at room temperature.
Immediately following, the tissues were dehydrated in graded
ethanol as follows: 50% (30 min), 70% (45 min), and 90%
(60 min). They were then kept in absolute ethanol overnight.
Transversal sections of approximately 10 µm were obtained with
a microtome. Finally, the tissues were coated with palladium
gold in a Sputter coater for 5 min and placed under a scanning
electron microscope (TOPCON SM 510) for observation and
subsequent photography.

Quantification of Pro-inflammatory
Cytokine TNF-α
Tumor necrosis factor-α concentration in serum was quantified
by enzyme-linked immunosorbent assay (ELISA) at 7 and
35 days after treatment by using the commercially available
rat TNF-α ELISA kit (900-K73 PeproTech, Cranbury, NJ,
United States). The procedure was performed following the
instructions of manufacturer. Optical densities were measured
with an ELISA reader at a 450-nm wavelength. The amount
of TNF-α was calculated using the standard curve generated
from recombinant proteins for TNF-α [y = 0.691∗ln(x) – 1.222,
R2 = 0.976].

STATISTICAL ANALYSIS

Tumor necrosis factor-α concentration and nucleus size data
were analyzed through an ANOVA with a Tukey test to detect
differences between doses. A probability value of P < 0.05 was
considered significant.

RESULTS

Histological Analyses of the Cecum and
Proximal Colon
Masson staining showed the general features of the cecum
(Figures 1A–F) and proximal colon (Figures 1G–L). The results
of histological analyses for the doses of 5–12.5% (Figures 1B–
D,H–J) showed a normal structure of the cecum and proximal
colon tissues with good morphology of intestinal glands,
preserved crypts with well-defined spaces between crypts, a
normal coating surface, and loose connective tissue, which
included blood vessels and submucosal nerve plexuses compared
with control and the other doses. Particularly, the mucosa
layer of the cecum and proximal colon for the 12.5% dose
(Figures 1D,J) showed a heterogeneous surface with indices
of cellular regeneration on the surface of crypts and a hyper-
secretory effect of mucus with an increase in the number of goblet
cells surrounded by a network of muscle fibers.

The 15% dose (Figures 1E,K) showed severe damage in the
structure, such as the uniform dilation of the mucosal wall, the
disorganization of aberrant crypts with irregular sizes in the
cecum, and proximal colon. In addition, a decrease in the number
of mucus-secreting cells and inflammatory cell infiltrates was also
observed, and patches of atrophy and dense deposits of collagen
were also observed, which indicated severe fibrosis. Concerning
the 20% dose (Figures 1F,L), the epithelium structure was not
affected uniformly as was observed in the dose of 15%. It is
important to note that in the 20% dose, signs of cellular repair
and mucosal scarring were found, whereby the tissues showed a
normal glandular density.

In relation to the nucleus size and the quantification of
mucus production, the data are summarized in Table 1, and the
respective images are shown in Figures 2A–L, 3A–L, respectively,
for the cecum and proximal colon. The supplementation of A.
salmiana fructans at 5, 10, and 12.5% showed no significant effect
(P > 0.05) in the nucleus length with respect to the control group
(Figures 2A–D,G–J). A significant decrease (P < 0.05) of the
nucleus length was observed in the cecum for the doses of 15
and 20% (Figures 2E,F). In the proximal colon, only the 15%
dose (Figure 2K) showed a significant decrease (P < 0.05) of
the nucleus length, as was observed in the cecum. In addition,
the doses of 15 and 20% presented evident cytotoxicity changes,
through nuclear disorganization with the migration of the nuclei
toward the mucosa, the presence of nuclear polymorphism, and a
decrease in the size of vacuoles in the cecum and proximal colon.

The consumption of A. salmiana fructans in doses of 5–12.5%
showed an increase in the mucus production in both tissues
(Figures 3A–D,G–J), with five times more for the dose of 12.5%
compared with the control. The doses of 15 and 20% showed a
decrease in mucus production in both tissues (Figures 3E,F,K,L)
compared with the dose of 12.5%. The mucus produced in
the dose of 20%, however, was similar to the control but less
than the dose of 15% in the cecum and proximal colon. In
addition, for the dose of 20% signs of scarring, macrophages
and CD4 T lymphocytes were observed in mucosa, submucosa
sections, abnormal mitosis, loss of mucosa contours, and the
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FIGURE 1 | Histological effects of the diets on the general structure of the epithelium of the cecum (A–F) and proximal colon (G–L) in rats fed for 35 days with
different doses of Agave salmiana fructans. In addition, panels (A,G) are the control of the cecum and proximal colon, respectively, and panels (B,H) are the doses of
5%, with panels (C,I) of 10%, panels (D,J) of 12.5%, panels (E,K) of 15%, and panels (F,L) of 20%. At, atrophy; C-cells, co-collagen; Cs, cellular spaces; InC,
inflammatory cell infiltrates; MU, mucosa.

loss of epithelium because of the extensive mucosa damage
from these doses.

Scanning Electron Microscopy of the
Cecum and Proximal Colon
The ultrastructure of the cecum and proximal colon using a
scanning electron microscope is shown in Figures 4A–I for the
doses of 0, 12.5, and 15%. In these images, the increase in the

bacterial colonization inside of crypts was observed, and areas
completely full of bacillus groups can be seen as compared
with the control group. In addition, the dose of 12.5% showed
normal structures with preserved crypts and with an increase in
the thickness of the mucosa layer, as was observed previously
in the histological analysis. The ultrastructure of the proximal
colon for the 12.5% dose showed an increase in the length
of numerous cylindrical villi and an increase in the bacterial
population adhering to the rat colon epithelium. The 15% dose

Frontiers in Plant Science | www.frontiersin.org 4 December 2021 | Volume 12 | Article 717460

https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles


fpls-12-717460 December 7, 2021 Time: 15:26 # 5

Castillo Andrade et al. Agave salmiana Fructans in Mucus Production

caused evident atrophy in the cecum and proximal colon, which
was shown by severe disruption of the crypts of the cecum and a
decrease of the bacterial population in both tissues.

Quantification of Pro-inflammatory
Cytokine TNF-α
The results of the pro-inflammatory cytokine TNF-α are shown
in Figure 5. In the groups of rats that received fructans, there
was a lower level of TNF-α post-treatment in the serum as
compared with the control group. Our results showed that
the level of pro-inflammatory cytokine TNF-α was significantly
(P < 0.05) reduced in the groups with the doses of 10 and
12.5% after 7 days post-treatment. At 35 days of treatment,
a slight decrease was observed in the control group and all
groups that consumed fructans except for the doses of 20%
that remained constant. The percentage of decrease at 7 days
post-treatment for the doses of 5, 10, 12.5, 15, and 20% with
respect to the control was 9, 28, 34, 20, and 13%, respectively.
If we consider the TNF-α values at 7 and 35 days, we can
obtain the percentage of decrease between 7 and 35 days for
all doses including the control group. The percentage of the
decrease of TNF-α levels at 35 days for the control and the
doses of 0, 5, 10, 12.5, 15, and 20% were 7, 11, 16, 4, 5,
and 0%, which were lower than the levels obtained for 7 days
after treatment.

DISCUSSION

According to the literature, the goblet cells secrete mucin
glycoproteins that form a thick mucosa layer overlying the
intestinal epithelium that provides the first line of defense
in innate immunity (Paturi et al., 2015). This current study
showed that the consumption of A. salmiana fructans keeps
the cecum and proximal colon cells intact in the doses of 0, 5,
10, and 12.5%. Maintaining goblet cells structure ensures the
integrity of the mucosa layer, which could help prevent the
inflammation of the colonic epithelium. It has been reported
that the peculiar biological architecture, appearance, and
glandular formation of the gastrointestinal mucosa permit the
distinction between harmful pathogens and protective symbiotic

TABLE 1 | Nucleus length and mucus size in the cecum and proximal colon.

Dose (%) Nucleus length (mm) Nucleos Mucus size (mm)

Cecum Proximal colon Cecum Proximal colon

0 7.58 ± 0.33a 7.75 ± 0.41a 103.45 99.09

5 7.11 ± 0.29a 7.47 ± 0.64a 144.10 165.02

10 7.20 ± 0.11a 8.29 ± 0.49a 361.37 240.03

12.5 7.22 ± 0.13a 7.95 ± 0.49a 551.07 516.15

15 4.44 ± 0.21b 4.65 ± 0.29b 226.93 259.28

20 4.54 ± 0.21b 8.80 ± 0.52a 126.86 99.56

The results are the mean ± SD.
Groups with the same letter showed no statistically significant difference, whereas
groups with different letter designation different (P < 0.05).

microorganisms, generating a strong effect for maintaining the
intestinal microbiota under control by a “constitutive low-grade
physiological inflammation” (Biagi et al., 2012). Additionally, it
was demonstrated in vitro that the inulin-type fructans promote
a decreased rate of aberrant crypt foci in rats, which are the
earliest changes that lead to colon cancer. This decrease was
related to a stable butyrate-producing colonic ecosystem, thus
adding to the line of evidence of potential effects of fructans
for reducing the risks of developing colon cancer (Perrin et al.,
2001). In a previous study, we reported that the dose of
12.5% produced a high butyrate concentration in cecal content
because of the fermentation of A. salmiana fructans (Castillo
Andrade et al., 2019). Therefore, the increase in the mucus
production and the increase in villi length observed in the 12.5%
dose in colonic epithelium may be attributed to the SCFAs
produced. The SCFAs are well known for their health-promoting
effects, such as their trophic effect on the intestinal epithelium
and their stimulatory effect on sodium, chloride, potassium,
and water absorption from the colonic lumen (Bedford and
Gong, 2018). The lengthening of the villi could promote the
absorption of minerals, nutrients, and water; this has a positive
association with fecal excretion and can improve constipation.
The physiometabolic effects associated with the consumption of
A. salmiana fructans on fecal excretion were also observed in a
previous study (Castillo Andrade et al., 2018).

The intestinal mucosal epithelial cells are covered with
membrane-bound mucins (MUC3 and MUC4), providing a
barrier that protects against enteropathogenic bacteria and
viruses infiltrating the inner mucosa layer (Paturi et al., 2015).

Disruption of the mucosa layer and the reactive changes in the
shape and size of cells, however, were observed in the doses of
15 and 20%. We hypothesize that these doses have an adverse
effect associated with the deregulation of intestinal homeostasis
conducted by the excessive production of organic acids by
intestinal bacteria. This finding has been reported in ruminants:
when their diet is high in grain, subacute ruminal acidosis occurs
because of an increase of SCFAs, which leads to endotoxin
production causing the severe damage of rumen epithelium
(Tao et al., 2014). The alterations in the gut structure, such as
morphological changes of intestinal glands and architecture, and
modifications at the order/phylum level (dysbiosis) have an effect
on gut homeostasis, microbiota functionality, and the health
status of the colon. Gastric atrophy could cause infection by
several pathogens, such as the Enterobacteriaceae group (Pédron
and Sansonetti, 2008). The disruption of the mucosa layer in these
doses creates an imbalance in mucus defensive mechanisms and
undoubtedly represents a persistent risk of microbial invasion.

The disruption of the mucosa immune barrier favors the
colonization and growth of pathogens within the gastrointestinal
tract, which then invades the host tissue and causes gut diseases
(Al-Sheraji et al., 2013).

In cells of rats fed with 20% of fructans, the presence of
macrophages and CD4 T lymphocytes was observed because of
the activation of the inflammatory response that begins to repair
the mucosa layer in both tissues. If it is perpetuated for a longer
time with damage, it will cause an alteration and cicatrization
demonstrated by the increase in collagen production, as was
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FIGURE 2 | Histological effects of the diets on cell nucleus size in the cecum (A–F) and proximal colon (G–L) of rats fed for 35 days with different doses of Agave
salmiana fructans, panels (A,G) are the control of the cecum and proximal colon, respectively, and panels (B,H) are the doses of 5%, with panels (C,I) of 10%,
panels (D,J) of 12.5%, panels (E,K) of 15%, and panels (F,L) of 20%.

observed in the tissue of the animals fed with 20% fructans. It
was observed that cellular metabolites, such as dendritic cells
and subsequent mucin production, occur after 15 days of the
inflammation process (Oros-Ovalle personal communication).
These same results were observed by Moreno-Vilet et al. (2014),
who investigated the in vitro activity of A. salmiana fructans
(2%) as an immune system activator, demonstrating that these
types of fructans are involved in the activation and selective

differentiation of cells of the immune system through interactions
with bacterial lactic acid.

It could be interesting to evaluate, however, if the damage
caused by high doses of fructans (15–20%) at 35 days of
treatments is reversible.

The literature indicates that the consumption of a fiber-rich
diet is associated with a decreased risk of gastrointestinal diseases
such as colon cancer; however, until now no definitive statements
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FIGURE 3 | Histological effects of the diets on mucus production in the cecum (A–F) and proximal colon (G–L) of rats fed for 35 days with different doses of Agave
salmiana fructans. In addition, panels (A,G) are the control of the cecum and proximal colon, respectively, and panels (B,H) are the doses of 5%, with panels (C,I) of
10%, panels (D,J) of 12.5%, panels (E,K) of 15%, and panels (F,L) of 20%. Ms, mucus.

can be made about the mode of action of specific types or
the amounts of dietary fiber. There is a higher incidence of
diverticular disease in old age, which is currently believed to be
associated with localized inflammation, and this is exacerbated
by a low fiber diet (Comparato et al., 2007). This research
provides the first evidence of a positive correlation in situ between
the consumption of A. salmiana fructans and gut epithelium
health. Our results suggest that a dose not more than 12.5%

can be considered the best dose for stimulating higher mucus
production without causing cytotoxicity and improving the
gastroprotective function of the colonic epithelium. These data
are consistent with prebiotic effects findings in our previous study
(Castillo Andrade et al., 2019).

The observation through the SEM of the cecum and proximal
colon concurs with the prebiotic effect of A. salmiana fructans
reported by Castillo Andrade et al. (2019), and they are
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FIGURE 4 | Scanning electron micrograph images of the general structure of epithelium and bacteria adhering to the mucus layer of rats fed with fructans at the
following doses: dose 0% (A,B) cecum and (C) proximal colon; 12.5% (D,E) cecum and (F) proximal colon; and 15% (G,H) cecum, and (I) proximal colon. BC,
bacterial colonization; cp, crypts preserved; dc, disruption of crypts; vi, villus.

FIGURE 5 | The serum concentration of TNF-α of rats fed for 35 days with Agave salmiana fructans. TNF-α, tumor necrosis factor-α.
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associated with the results of the histological analysis of this
current study.

Within the prebiotic properties attributed to fructans is the
ability to alter the gut pathogenesis and to act as blocking factors,
dislodging the adherent pathogen of the mucosa layer (Al-Sheraji
et al., 2013). In the administration of a dose of 12.5%, it is possible
to observe numerous cylindrical villi and an increase of bacterial
population attached to the rat colon epithelium. In the case of a
15% dose, a decrease in intestinal microbiota was observed. This
decrease can negatively affect the wellbeing of the host by causing
metabolic disorders, chronic inflammation, or the sensitization
of the host to infectious diseases (Cani et al., 2009; Spiller and
Garsed, 2009). Therefore, the intake of fructans at the 15% dose
is not recommended.

The present study also indicated a significant decrease in the
concentration of TNF-α in the serum of the intervention group
fed with 10 and 12.5% compared with the other intervention
groups and the control after 7 days of treatment. These levels
remained constant until 35 days of treatment. Our finding
suggested that the major change of TNF-α levels occurs in the
first 7 days, which can be attributed directly to the reduction of
inflammation in the epithelium of the cecum and proximal colon
associated with the consumption of fructans of A. salmiana. Some
studies have demonstrated that the level of pro-inflammatory
cytokine TNF-α was decreased in response to supplementation
with prebiotic and probiotic strains, such as Lactobacillus and/or
Bifidobacterium (Fukoshima et al., 2007; Schiffrin et al., 2009;
Zaharuddin et al., 2019), which has been associated with
reduced inflammation.

Despite the damages and changes in the structure of the cecum
and proximal colon epithelium observed previously in the 15
and 20% doses, the anti-inflammatory capacity of the fructans
of A. salmiana through decreasing the concentration of TNF-
α was corroborated. This suggests the possible participation of
inhibitory mechanisms at the level of the transcription factor
NFκB and the activation of the healing process. We considered
that the administration of 12.5% of fructans in the human
diet could improve human gut health, because diets with high
prebiotic contents include beneficial to host nutrition, promotes
beneficial microbiota, and decrease chronic diseases.

CONCLUSION

This study provides several lines of evidence to demonstrate that
administering A. salmiana fructans in a maximum dose of 12.5%
to the diet provides beneficial effects in the health of the colonic
epithelium of Wistar rats. The increase in mucus secretion
in doses of 10 and 12.5% allowed the increase and adhesion
of beneficial bacteria that contribute to the prebiotic effect of

the fructans and the suppression of epithelium inflammation,
which is shown through the decreased expression of the pro-
inflammatory TNF-α cytokine. For doses higher than 12.5%, the
inflammatory process was observed, however. The results provide
a solid basis for future clinical trials of the oral administration
of A. salmiana fructans as functional ingredients for the primary
prevention of intestinal diseases.
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