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ABSTRACT: Agavins act as a fermentable dietary fiber, and have attracted attention
due to their potential for reducing the risk of diseases. Therefore, we evaluated the
effect of supplementation using 10% agavins with a short-degree of polymerization
(SDP) from Agave angustifolia Haw. (AASDP) or Agave potatorum Zucc. (APSDP)
along with chicory fructans (RSE) as a reference for 5 week; on the energy intake, body
weight gain, satiety-related hormones from the gut and blood (GLP-1 and ghrelin), blood
glucose and lipids, and short-chain fatty acids (SCFAs) from the gut of ad libitum-fed
mice. We evaluated the energy intake daily and weight gain every week. At the end of
the experiment, portal vein blood samples, as well as intestinal segments and the
stomach, were collected, to measure glucagon-like peptide-1 (GLP-1) and ghrelin using
RIA and ELISA Kkits, respectively. Colon SCFAs were measured using gas
chromatography. The energy intake, body weight gain, and triglycerides were lower in
the fructans-fed mice than in the STD-fed mice. The AASDP, APSDP, and RSE-diets
increased the serum levels of GLP-1 (40, 93, and 16-%, respectively vs STD) (P < 0.05)
whereas ghrelin was decreased (16, 38, and 42-%, respectively) (P < 0.05). The butyric
acid increased significantly in the APSDP-fed mice (26.59 mmol/g, P < 0.001) compared
with the AASDP- and RSE-fed mice. We concluded that AASDP and APSDP are able to
promote the secretion of the peptides involved in appetite regulation that might help to

control obesity and its associated metabolic disorders.

Keywords: Glucagon-like peptide-1; Ghrelin; Agavins; Agave angustifolia Haw.; Agave

potatorum Zucc.; Short-chain fatty acids.
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Introduction

Food intake is a biological necessity regulated by the central nervous system via the
secretion of gastrointestinal hormones. Many gut peptides have been shown to influence
energy intake. Of these peptides, the most important are cholecystokinin (CCK), peptide
YY, GLP-1, oxyntomodulin and ghrelin.

With the exception of ghrelin, these hormones act to increase satiety and decrease
food intake. GLP-1 is an incretin secreted by endocrine L-cells, an important regulator of
pancreatic B-cells. The peptide mediates glucose-dependent insulin tropic effects in
several species, including humans,’ it also inhibits gastric acid secretion and gastric
emptying, suppresses glucagon release and promotes satiety.?>

In contrast, ghrelin (acylated by the actions of ghrelin o-acyltransferase (GOAT)) is
one of the most powerful physiological orexigenic and adipogenic agents capable of
increasing hunger through fluctuations in its plasma concentrations®. This hormone is
secreted in the stomach, leading to an increase in the appetite and caloric intake of
mice, Zucker rats and humans, and thus favors adiposity. >®

Inulin-type fructans (Fig. 1A) are lineal polymers of fructose with 3(2-1) linkages and
an outer glucose unit, and they are mainly fermented in the cecum and the upper part of
the colon. When added to a diet, inulin-type fructans improve glucose tolerance and,
insulin secretion and lower food intake in animals and man, suggesting a satietogenic
effect.”®

These effects are often associated with a higher plasma content of GLP-1 and its
precursor proglucagon mRNA.? Cani et al.® showed that the effects of OFS (oligofructan)

were abolished when OFS was administered in the diet of GLP-1 receptor knock-out
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mice; thus, the effect of fructans on satiety (body weight gain) is due to an interaction
with GLP-1 production. Consistent with these studies, the intravenous infusion of GLP-1
in humans and rats enhances satiety and decreases energy intake during the infusion
period. 1012

Several lines of evidence suggest tha prebiotics (substrates that selectively
stimulate the growth of the bifidobacteria and lactobacilli that produce the SCFAs
involved in the modulation of gut physiological functions) play an important role in the
control of obesity and its associated metabolic disorders.”'* Inulin-type fructans are
prebiotics, and they have specific effects on gut function.

Lépez et al.'® demonstrated that agave fructans are complex mixtures of fructans.
Mancilla-Margalli and Lopez'® found that the fructans in Agave tequilana and other
agave species, including Agave angustifolia, A. potatorum, A. salmiana and A.
fourcroydes, are also complex mixtures of fructans that contain B(2-1) and [B(2-6)
linkages and outer (graminans fructans) and inner glucose (neoseries fructans) units;
these fructans are, called agavins (Fig. 1B). Mellado-Mojica and Lépez'’ reported the
presence of isomeric forms of agavins with different degrees of polymerization in 2- to 5-
year-old A. tequilana, demonstrating the complex structures of these plants.

Agavins function as indigestible dietary fiber, wich is capable of promoting
bifidobacteria and lactobacilli growth, and producing the SCFAs that are considered
indicators of a well-balanced intestinal flora. To date, only the physiological effects of
agavins from A. tequilana have been reported, and these agavins have shown important
effects on the homeostasis of glucose and lipids in male C57BL/6J mice.”® Agave

angustifolia Haw. and Agave potatorum Zucc. are two economically important species
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from southeast Mexico, and these species, mainly contain agavins. We previously
studied the in vitro prebiotic effect of long- and short-DP agavins from Agave
angustifolia Haw. as well as their mixtures. We observed that the agavins stimulated the
growth of bifidobacteria and lactobacilli more efficiently than did commercial inulins. It
was also shown that the short-DP agavins in the mixtures highly influenced the rate of
fermentation.®

Therefore, in this study we evaluated in parallel the effect of supplementation with
10% agavins with short-DP from Agave angustifolia Haw. (AASDP) or Agave potatorum
Zucc. (APSDP) and chicory fructans (RSE) on energy intake, body weight gain, satiety-
related hormones from the gut and blood (GLP-1 and ghrelin), blood glucose and lipids,
and SCFAs from the gut of ad libitum-fed mice. In the present study, we test the
hypothesis that compared with inulins, the short-DP agavins from two different species
might also have a satietogenic effect that enhances satiety and decreases energy

intake.

Materials and methods

Collection and purification of agavins from Agave angustifolia Haw. and Agave
potatorum Zucc.

Plants from A. angustifolia and A. potatorum that were 8 and 6 years-old, respectively,
were collected from Santiago Matatlan and Sola de Vega, Oaxaca, Mexico. After the
plant collection, agave stems were cut into four pieces, and the agavins were extracted

/-15

according to Lopez et al.”” Briefly, one hundred grams of stems was extracted twice

using 100 mL of 80% v/v ethanol with continuous shaking for 1 h at 55 °C. The sample
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was filtered, and the plant material was re-extracted using 100 mL of water for 60 min at
55 °C. The supernatants were mixed; chloroform was used to eliminate the organic
fraction. The aqueous phase was concentrated by evaporation. The agavins were
precipitated with absolute ethanol and separated into long- and short-DP agavins.
AASDP and APSDP were spray-dried and stored in a desiccator until incorporated into
the diets.

High-performance anion-exchange chromatography with pulsed amperometric
detection (HPAEC-PAD) was used to determine the degree of polymerization of the
agavins. The polymerization of AASDP and APSD ranged from 4 to 12 DP. RSE
(Raftilose P95, Orafti, Tienen, Belgium) is a mixture of glucosyl-(fructosyl)n-fructose and

(fructosyl)m-fructose with a range of 4 to 8.

Experimental animals

The male (C57BL/6N) mice used in this study were purchased from Harlan Mexico. All
the experiments were conducted according to the Guidelines of the Institutional Care
and Use of Laboratory Animals Committee from Cinvestav-Mexico and according to
Mexican Norm NOM-062-Z00-1999. Male C57BL/6N mice (12 weeks of age at the
beginning of the experiment, initially weighing approximately 23 - 25 g) were housed in a
temperature- (22 £ 2 °C) and humidity-controlled room with a 12 h light-dark cycle. The
animals were acclimatized for one week prior to the experiment. Following the
acclimatization period, 24 mice were weigh and separated into four groups (6 mice per
group, 3 mice per cage) depending on their diet. All animals had free access to water

and food.

Page 6 of 36



Page 7 of 36

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

160

Food & Function

Diets

The diets were prepared by LabDiet®TestDiet® Richmond, IN. The control mice were
fed a standard 5053 diet (STD), whereas the treated mice received a diet prepared by
supplementing 90 g of STD diet with 10 g of AASDP or APSDP and RSE. The food
intake was measure daily, the body weight was determined once a week, and the feces
were collected weekly during the experimental period to evaluate the amount produced
in 24 h. The mean daily energy intake (kJ/d) was calculated as follows: intake of food (g)
X energetic value of diet (kJ/g). The energetic value was 14.86 kJ/g for the STD diet,

14.36 kJ/g for RSE and 14.40 kJ/g for the diets with agavins.

Blood samples

Blood samples from the tails were collected once a week to determine the serum
glucose (GLU) and, lipid profiles (total cholesterol (COL), triglycerides (TG) and high-
density lipoproteins (HDL)), which were measured using a Cardiocheck PA (FDA-
approved). Low-density and very low-density (LDL and VLDL) lipoproteins were
calculated from the COL, HDL, and TG. At the end of the experiment, the mice were
anesthetized using an intra-peritoneal injection of sodium pentobarbital (60 mg/kg of
body weight). Portal vein blood samples were collected in tubes containing heparin (50
pL); after centrifugation (3000 rpm/10 min), the plasma was stored at -70 °C until
assayed. GLP-1 (7-36) amide was evaluated using a specific ELISA kit (GLP-1 active

ELISA Kits, Phoenix Pharmaceuticals (Belmont, CA). The active ghrelin concentration
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was measured using an RIA kit (active ghrelin RIA kit, Phoenix Pharmaceuticals

(Belmont, CA).

Tissue samples and analyses of intestinal peptides

The cecum and colon were immediately removed, and the colon was divided into three
segments (proximal, medial, and distal) after the contents were removed. Each segment
was weighed, fixed in liquid nitrogen, and stored at -70 °C for further analysis. The
segments of the cecum and colon were immediately washed using physiological saline
(9 g/L NaCl) and subsequently frozen using liquid nitrogen at -70 °C stored until they
were required for GLP-1 analysis. The full and empty cecum, the liver, and the stomach
were weighed, fixed in liquid nitrogen, and stored at -70 °C for further analysis.

GLP-1 was extracted from the cecum and the intestinal segments using ethanol, acid
(ethanol, sterile water, and 12 N HCI, 74:25:1), 5 mL/g of tissue. The samples were
homogenized at a velocity of 14000 rpm and placed in 4 °C for 24 h. The homogenates
were centrifuged (10 min at 5000 g), and the supernatant fractions were decanted and
diluted 200- and 500-fold in a saline solution (9 g NaCl/L) for the cecum and colon,
respectively.* Intestinal GLP-1 concentrations were measured as previously described
for the blood samples.

Ghrelin peptide was extracted from the mouse stomach by homogenizing the tissue
with 1 M acetic acid and 20 mM HCI (10 mL/g) at a velocity of 14000 rpm for 3 minutes.
The homogenates were boiled for 5 min.?’ The homogenized tissue was centrifuged for

10 minutes at 14000 rpm, and the supernatant was separated and used to determine
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the ghrelin content by ELISA testing (Ghrelin EIA kit, Phoenix Pharmaceuticals Belmont,

CA).

Short-chain fatty acids (SCFAs)

SCFAs were analyzed in a gas chromatograph with a flame ionization detector (GC-
FID).?" Briefly, the cecal and colonic contents were weighed (0.05 g) and an internal
standard (2-methyl-valeric acid) was added. This solution was acidified using 50 uL of
H,SO,4 and subsequently centrifuged. SCFAs were extracted by shaking the solution
with 600 pL of diethylether. One pL of the organic phase was injected directly into the
capillary column (Nukol) of the GC-FID. The initial temperature was 80 °C, and the final

temperature was 200 °C.

Statistical analysis

The results are expressed as the mean values with the standard errors of the mean
(SEM). Significant differences between groups were evaluated by analysis of variance
(ANOVA) followed by the least squares difference or the Tukey test using Sigma Plot 11
(Copyright © Systat Software). Differences were considered significant at P < 0.05.

Correlations between parameters were assessed using Pearson’s correlation test.

Results

Food intake and body weight gain
In general, a significant decrease in body weight gain (Fig. 2) and increased in feces

excretion (Table 1) were observed in the fructans-fed mice compared with the mice in
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the STD diet group. The daily food and/or energy intake throughout the experiment was
significantly lower (P < 0.05) in all fructans-fed mice than in the STD-fed mice (Fig. 3).
We regard to the food intake, the mice fed with the diets supplemented AASDP-,
APSDP-, and RSE-ate 16%, 24% and 20%, respectively, less food than eaten by the
mice fed with the STD-diet.

Portal and intestinal concentrations of GLP-1

The measurement of the GLP-1 content in the different segments of the colon revealed
(Fig. 4) that the mice fed with the diets supplemented with the agavins and inulin
exhibited a higher GLP-1 concentration in the proximal and medial colon than that in the
mice fed with the STD diet. This increment was only significant in the proximal colon for
the APSDP diet (11.36 pmol/g, P < 0.001). The GLP-1 concentrations in the medial
colon increased 4-fold for the AASDP-fed mice compared with the STD-fed mice;
however, in the distal colon, there was no significant difference.

AASDP and RSE caused a 2-fold increment in the cecal GLP-1 content compared
with that for the STD-diet (2 vs 0.96 pmol/g), but it was significantly higher (4 pmol/g, P
< 0.001) for the APSDP-fed mice (Fig. 4).

Compared with the STD-fed mice, the APSDP-, AASDP-, and RSE-fed mice showed a
higher GLP-1 concentration in the portal plasma vein (40, 93, and 16%, respectively),
(Fig. 5).

Plasma and gastric ghrelin concentration
The ghrelin concentration in the portal plasma vein was 5 ng/mL in the STD-fed mice,
and it was significantly (P < 0.001) lowered to 4.39 ng/mL, 3.10 ng/mL, and 2.81 ng/mL

in the AASDP-, APSDP-, and RSE-fed mice, respectively (Fig. 6A).

10
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The gastric ghrelin concentration significantly decreased (65%, P < 0.05) in the mice
that consumed the agavin- and inulin-diets compared with that in the STD group (Fig.

6B).

Cecal concentrations and proportions of SCFAs

Our results showed that the ingestion of fructans led to higher SCFAs production of in
the gut. Additionally, the total cecum weight was significantly higher in the fructans-fed
mice, with a considerable decrement of the cecal pH, compared with that in the STD
group (Table 1). As expected, acetic acid (166 mmol/g) was the most common acid
generated in the cecum of the STD-fed mice, and the next most common was propionic
acid (68 - 72 mmol/g) (Table 2). The increase in butyric acid was significant (41%, P <
0.001) when comparing the APSDP-fed mice with the AASDP- and RSE-fed mice. The
AASDP- and APSDP-fed mice showed a greater proportion of propionic acid (31%),
whereas the mice that received the STD diet generated a higher proportion of acetic

acid (65%).

In the colon, the increase in propionic acid was only significant for the AASDP-fed
mice (73 mmol/g, P < 0.001) and the proportion of propionic acid to other acids
remained similar in the cecum (30%). The butyric acid level increased significantly in the
APSDP-fed mice (26.59 mmol/g, P < 0.001). SCFAs were produced in the colon by
microbial fermentation in an approximate molar ratio of 57:30:13 of acetate, propionate,
and butyrate in the APSDP-fed mice.

Serum glucose, TG, COL, and HDL

11
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The concentration of glucose, decreased 24, 22, and 16% in the AASDP-, APSDP-, and
RSE-fed mice, respectively, compared with the STD-fed mice (Table 3). However, the
liver weight decreased significantly (45%, P < 0.001) compared with that in the mice fed
the STD diet. The biochemical modification observed in these groups included
decreases in COL, TG, LDL, and VLDL (Table 3). We found a decrease in the
cholesterol and TG in the portal vein plasma of the AASDP- and APSDP-fed mice. The
serum concentration of TG decreased significantly by 55% (1.17 - 0.57 mM, P £ 0.05) in
the AASDP-fed mice and was associated with a reduction of the VLDL plasma, which
decreased by 17% compared with that in the STD-fed mice. In contrast, the HDL in the
fructans-fed mice increased significantly (73%, P < 0.05). The LDL decreased by 34%
with a positive correlation with the energy intake, which was significantly lower for the

fructan supplemented diets.

Discussion

In the present paper, we report an interesting effect: dietary short-DP agavins from
Agave angustifolia and Agave potatorum modulate satietogenic effect in mice. We
observed that the energy intake and body weight gain were similarly decreased in the
three mouse groups that received fructans compared with those in the STD group, and
the decrease was only significant (P < 0.05) for APSDP-fed mice. The effect of fructans
on the reduction in food and energy intake can be attributed to the fermentation in the
cecum-colon. Other studies using RSE reported similar results.*'® The fermentation of
fructans is key and leads to the production of SCFAs, which are involved in the

modulation of gut physiological functions. The increase we observed in the cecum was

12
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similar to that of other reports from studies of the fructan consumption by rats and

mice. >

Agavins, particularly those used in the APSDP-diet, more efficiently stimulated (2-fold)
the production of GLP-1 than did the RSE-diet. The AASDP- and APSDP-diets
increased the GLP-1 in the proximal colon and cecum to levels similar to those in
previous reports using oligofructose in male Wistar rats.® GLP-1 might also play a role in
the modulation of food intake, and glycaemiazz, because the concentrations of both the

agavins and inulin increased in the portal vein.

The fermentation of non-digestible carbohydrates into SCFAs allows these
metabolites to promote both proglucagon mRNA expression in intestine L-cells and the
production of GLP-1.% Diverse works>*'%'® have reported that GLP-1 reduces the
release of glucagon and slows down gastric emptying, increasing abdominal fullness
and controlling food intake. Cani et al.® showed that the effects of RSE did not affect
satiety when RSE was given to GLP-1 receptor knock-out mice, or when given to mice
that were chronically treated with a GLP-1 receptor antagonist; thus, the effect of
fructans on satiety (body weight gain), is due to the interaction with GLP-1 production.

Some positive effects similar to those already described for the agavins from A.
tequilana'® were demonstrated, namely, decreases in energy intake and body weight
gain, as well as, an increase in GLP-1. The increases in the GLP-1 content in the cecum
and the colon segments are consistent with the GLP-1 secretion observed in the portal
vein (r’= 0.777, P < 0.0044). This finding is associated with the significant decreases
observed in energy intake and GLP-1, suggesting a negative correlation (Pearson’s test;
r? = -0.665, P < 0.0068), and is also associated with the correlation between the body

13
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weight gain and GLP-1 (* = -0.564 and P < 0.020) for the groups that received the

fructan diets compared with the STD group.

We found that the secreted gastric ghrelin, an orexigenic peptide, decreased in the
mice that consumed agavins or inulin. The reduction in the ghrelin concentration in the
portal plasma vein of the mice that consumed fructans agrees with a report that showed
a decrease in the circulating ghrelin level in rats.?* The reduction in the ghrelin
concentration presented an inverse correlation with GLP-1 (r* = -0.634, P < 0.05) in the

portal plasma vein; therefore, this decrease might be attributed to the secretion of GLP-

1.25

Specific studies have shown that portal GLP-1 and the type of ingested nutrients,
might influence the production of ghrelin, because the speed of nutrient absorption and
intestinal osmolality also affect secretion.?®>?® Lippl et al.?® have demonstrated that GLP-

1 contributes to the inhibition of ghrelin secretion in an isolated rat stomach model.

Cummings %’ reported that ghrelin secretion might be dependent on the amount of
calories ingested, and on the type of nutrients because the speed of nutrient absorption
and intestinal osmolality also affect ghrelin secretion. Therefore, the decrease in the
ghrelin concentration in this study could also be attributed to the caloric value of each of

the diets.

The concentration of SCFAs in the cecum and colon, particularly propionic and butyric
acid, increased significantly in the agavin-fed mice. APSDP was fermented in the cecum

and the proximal colon, increasing the butyric acid level.
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Zhou et al.,®

showed that butyrate was the most effective SCFA compared with
acetate and propionate at increasing the proglucagon expression in the L-cells in the
cecum of rats. Our results showed that the AASDP diet (DP 4 to 12) generated a
significant amount of propionic acid in the colon, whereas the APSDP diet with a slightly
smaller DP (4 to 9) generated higher levels of butyrate in the cecum and colon.

Moreover, the relative proportion of acetate, propionate, and butyrate depends on the

grade of polymerization, solubility and fructan structure.?

The high amount of fermentation in the cecum could be related to the greater solubility
of the agavins that contained B (2-1) and B (2-6) linkages, which provide more
accessible fructose units. As mentioned previously, agavins contain branches in their
molecules; this characteristic is advantageous for fermentation, because bacteria have
several more starting points for initiating the fermentation of these carbohydrates than
they do for RSE. The results show that the STD and AASDP groups begin with a similar
pH in the cecum, and the APSDP group starts with a more acidic pH, indicating that it
ferments in the cecum. In the colon, the total SCFAs increased in the AASDP group;
thus, the pH decreased significantly compared with that in the STD group. This effect
suggests a significant increase in the bifidogenic activity, principally in the production of

SCFAs.

The increase in the production of total SCFAs through bacterial fermentation of the
AASDP- and APSDP-diets resulted in a significant decrease (P < 0.001) in the colonic

pH, thus reducing the pathogen growth.
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In this study, when agavins or inulins were present in the diet of mice (10%), an
increase in the cecal SCFA production was observed; this result implies that fructans
are interesting candidates for the regulation of lipid metabolism. Short-chain fatty acids
reach the liver through the portal vein. In this work, the concentration of acetate
decreased significantly in the cecum of the agavins-fed mice, and this finding is relevant

because acetate is a precursor of acetyl Co-A.

In the cecum and colon, the propionic acid concentration increased more than 20% in
the fructan-fed mice. This increase is associated with beneficial effects on carbohydrate
and lipid metabolism.>*3! It has also been reported that propionate inhibits the synthesis
of lipids in isolated hepatocytes of normal rats, particularly, the incorporation of acetate
during the synthesis of cholesterol;*? this inhibition could explain the decrease in the
COL and TG in the portal vein plasma of the agavin-fed mice. The reduction in the
production of TG from fatty acids is due to the inhibition of lipogenic enzymes in the
liver, including fatty acid synthase (FAS) a key enzyme in the secretion of VLDL-TG.
Therefore, the hypolipidemic effect of AASDP and APSDP may be due to changes in

liver lipid metabolism, similar to those reported in RSE-fed mice.>*%

This behavior can also be connected to the energy balance, suggesting a positive
correlation (Pearson’s test) between the body weight gain and the triglyceridemia with
an r* = 0.992 and P < 0.008. A low body weight gain might be associated with a
decrease in the serum concentration of triglycerides similar to that observed by Dobrian,

/. 36

et al.”™ with soy isoflavin. Ji and Friedman®' reported that triglyceridemia during fasting is

a potential predictor of diet-induced obesity in mice.
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In contrast, Kok et al.>? reported that RSE intake reduces postprandial glycaemia and
insulinemia by 17 and 26-%, respectively; this change might also explain the lower
lipogenesis and thus, in lower hepatic TG production. Here, we confirm the decrease in
TG due to RSE. Our data show that the ingestion of AASDP and APSDP reduces GLU.
This finding would suggest that a decrease in TG due to agavins intake is also
attributable to a decrease in the glucose availability. The agavins might improve the
glucose availability in mice, a phenomenon that can be ascribed to insulin enhancement.
GLP-1 plays an important role in lowering blood glucose level, because it increases the
level of circulating insulin, and thus lowers the blood glucose concentration or affects the
blood glucose concentration by inhibiting glucagon secretion. Similar data here been
reported for RSE.* Our date show a negative correlation between GLP-1 and GLU with

an r’ = -0.653 and P < 0.0061.

Among SCFAs, butyric acid is the most relevant. The APSDP diet showed butyrogenic
properties similar to those reported for RSE.® The increase in the butyrate
concentration in the cecum-colon tract may influence gut functions. This change could
contribute to the increased GLP-1 production via two mechanisms: L-cell differentiation

and/or a proglucagon expression increment .2

Conclusions

We showed that supplementing a mouse diet with 10% agavins reduced the food
consumption and the total energy intake. The body weight gain decreased by 42-49% in

the animals ingesting fructans compared with the standard group of mice. Short-DP
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agavins from A. angustifolia Haw. and A. potatorum Zucc. modulated the satiety
hormones secretion in different colonic segments with consequences on the portal GLP-
1 concentration (increase) and the peripheral ghrelin concentration (decrease). The
AASDP diet generated a significant amount of propionic acid in the colon, whereas the
APSDP diet showed butyrogenic properties. This study reports for the first time the
hypotriglyceridemic effect of agavins AASDP and APSDP. The difference in the
behavior of agavins compared with RSE could be attributed to the linkage type, DP and
the highly branched structure of these fructans. We mainly attributed the capability of
agavins to reduce food and energy intake to a metabolic effect in the cecum-colon,
caused by the different fermentation of each agave species. Finally, these findings
highlighted the potential of agavins from A. angustifolia and A. potatorum to improve
glucose and lipid homeostasis through the production of SCFAs in the gut and through
the secretion of the peptides involved in appetite regulation; these agavins displayed the
potential for, promising effects on obesity control and the associated metabolic

disorders.
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Figures caption

Fig. 1. Molecular structures of inulin-type fructan (A) and agavins (B).

Fig. 2. Body weight gain of mice fed a standard diet STD or diets supplemented with
short-DP agavins from Agave angustifolia (AASDP) or Agave potatorum (APSDP) and
raftilose (RSE). Values are means with their standard errors shows by vertical bars (six
mice per groups). Mean values with different letters were significantly different. (P <

0.05).

Fig. 3. Food intake of mice fed a standard diet (STD), or diets supplemented with short-
DP agavins from Agave angustifolia (AASDP) or Agave potatorum (APSDP) and
raftilose (RSE). Mean values with their standard errors of the mean. Mean values with

different letters were significantly different (P < 0.05).

Fig. 4. Intestinal GLP-1 concentrations of mice fed a standard diet (STD) or diets
supplemented with short-DP agavins from Agave angustifolia (AASDP) or Agave
potatorum (APSDP) and raftilose (RSE). Values are means with their standard errors of

the mean. Mean values with different letters were significantly different (P < 0.05).

Fig. 5. Portal vein GLP-1 concentration of mice fed a standard diet (STD) or diets
supplemented with short-DP agavins from Agave angustifolia (AASDP) or Agave
potatorum (APSDP) and raftilose (RSE). Mean values with their standard errors of the

mean. Mean values with different letters were significantly different (P < 0.05).
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Fig. 6. Portal ghrelin (A) and gastric ghrelin concentration (B) of mice fed a standard
diet (STD) or diets supplemented with short-DP agavins from Agave angustifolia
(AASDP) or Agave potatorum (APSDP) and raftilose (RSE). Values are means with their
standard errors shown by vertical bars. Mean values with different letters were

significantly different (P < 0.05).

27



Food & Function

Page 28 of 36

Table 1. Food intake, feces, weights of liver and cecum, cecal and colonic pH of mice

fed a standard diet (STD) or diets supplemented with short-DP agavins from Agave

angustifolia (AASDP) or Agave potatorum (APSDP) and raftilose (RSE).

Food intake (g/d per mice)

Feces dry weight

(g/cage)
Liver weight (g)

Cecum full % of mice body
weight
Cecal pH

Colon pH

STD AASDP APSDP RSE
Mean SEM Mean SEM Mean SEM Mean SEM
5.342 0.07 4.05° 0.12 3.59° 0.09 3.99° 0.14
2.83° 0.10 3.21° 0.07 3.55° 0.04 3.26° 0.19
1.73° 0.08 1.22° 0.04 1.23° 0.06 1.25° 0.07
1.80° 0.05 3.00° 0.08 3.41° 0.03 2.99° 0.08
6.27° 0.02 6.25° 0.01 5.55° 0.08 5.90° 0.07
6.05° 0.16 5.71%° 0.10 5.35° 0.08 5.48° 0.03

Mean values with the standard errors of the mean (SEM). Mean values different superscript letters were significantly

different (P < 0.05).
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Table 2. Short chain fatty acids (SCFAs) concentrations (mmol/g wet content) in the gut

mice fed a standard diet (STD) or diets supplemented with short-DP agavins from

Agave angustifolia (AASDP) or Agave potatorum (APSDP) and raftilose (RSE).

STD AASDP APSDP RSE

Mean SEM Mean SEM Mean SEM Mean SEM
Cecum content
SCFAs
Acetate 166.05° 5.48 125.62%° 1.36 117.61° 3.99 138.86%° 1.54
Propionate 68.46 1.02 72.34 2.34 69.66 1.42 68.27 0.32
Butyrate 21.44° 1.02 23.25° 1.31 34.59° 2.29 26.80° 1.20
Proportion 65/27/8 56/32/10 53/31/16 59/29/11
Lactate 81.96 1.36 81.65 2.82 78.75 1.82 82.71 3.59
Colonic content
SCFAs
Acetate 159.20 1.00 147.98 1.23 138.34 1.53 142.35 1.95
Propionate 57.19° 1.00 73.09° 1.72 67.57* 1.23 69.62%° 0.55
Butyrate 19.14* 0.65 24.54% 0.60 26.59° 1.27 23.67* 1.78
Proportion 68/24/8 60/30/10 60/29/11 60/29/10
Lactate 7829 1.19 78.00 2.33 76.47 0.75 79.09 1.56
Total SCFAs 314 324 309 315

Values are means with the standard errors of the mean (SEM).

different, (P < 0.05).

Means values with different letters are statistically
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Table 3. Plasma concentrations of glucose and lipids profile (total cholesterol (COL),
triglycerides (TG), high-density lipoproteins (HDL), low-density and very low-density
lipoproteins (LDL and VLDL) of mice fed a standard diet (STD) or diets supplemented
with short-DP agavins from Agave angustifolia Haw. (AASDP), A. potatorum Zucc.

(APSDP) and Raftilose (RSE).

Diet Glucose Triglycerides Cholesterol HDL LDL VLDL
(mM) (mM) (mM) (mM) (mM) (mM)
Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
STD 8.79° 055 1.17° 0.09 259 0.00 0.36° 0.02 211 0.03 0.12 0.01
AASDP  7.00° 0.35 0.57° 0.05 240 0.06 0.62° 0.05° 1.39°  0.07 0.10 0.00
APSDP  7.05° 025 062 016 2.30 0.05 0.55° 0.06 1.33°  0.04 0.11 0.03
RSE 7.98% 0.24 066 0.07 230 0.00 0.70° 0.04 1.16°  0.08 0.13 0.01

Values are means with the standard errors of the mean (SEM). Means values with different letters are statistically
different, (P < 0.05).
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Figure 3
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