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Abstract 17 

In this study, the effects of agavins (branched fructans) along with a diet shift on 18 

metabolic parameters, short chain fatty acids (SCFA) production and gastrointestinal 19 

hormones in overweight mice were established. Male C57BL/6 mice were fed with a 20 

standard (ST) or high fat (HF) diet during 5 weeks, with the objective to induce 21 

overweight in the animals, followed by a diet shift (HF_ST) and diet shift with agavins 22 

(HF_ST+A) or inulin (HF_ST+O) for 5 additional weeks.  23 

After the first 5 weeks, the HF group showed a 30% body weight gain and an increase 24 

in glucose, triglycerides and cholesterol concentration of 9%, 79% and 38% 25 

respectively when compared to the ST group (P < 0.05). Only the overweight mice that 26 

received agavins or inulin in their diets reversed the metabolic disorders induced by 27 

consumption of the HF diet, reaching values very close to those of the ST group (P < 28 

0.05).  29 

Furthermore, the consumption of agavins or inulin led to a higher SCFA concentrations 30 

in the gut and modulated hormones such as GLP-1 and leptin involved in food intake 31 

regulation (P < 0.05).  32 

These findings demonstrate that a change of diet and fructans consumption such agavins 33 

is a good alternative to increase body weight lost and to improve metabolic disorders 34 

associated to overweight. 35 

Keywords:  36 
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 3 

Introduction 43 

The growing prevalence of overweight and obesity is a worldwide public health 44 

problem because these conditions promote serious metabolic disorders (glucose 45 

intolerance, insulin resistance and high levels of triglycerides and cholesterol) that 46 

induce the development of type II diabetes, hypertension, dyslipidemia, cardiovascular 47 

disease and some cancers.
1,2

 Changes in the dietary habits of overweight individuals or 48 

the use of prebiotics in their daily diet such fructans, may regulate lipid and glucose 49 

metabolism through the modulation of the intestinal microbiota and gastrointestinal 50 

hormones involved in appetite regulation, this might become a way to prevent and 51 

manage the risk of metabolic diseases.
3-7

 52 

Fructans are fermented in the gut, changing the microbiota activity and its 53 

composition, promoting short chain fatty acids (SCFA) production (acetate, propionate 54 

and butyrate) and consequently reducing the luminal pH. SCFA have been established 55 

as essential nutrients that act as signaling molecules to influence glucagon-like peptide-56 

1 (GLP-1) hormone, involved in satiety and glucose homeostasis. The ingestion of 57 

fructans has shown an increment of the L cells number in the mice proximal colon as 58 

well as the expression of proglucagon gene in those cells, leading to the secretion of 59 

different peptides, including GLP-1 that plays a relevant role on the host gut function 60 

and physiology.
8
 61 

Cani et al.
9
 compared the effect of the degree of polymerization (DP) of three 62 

fructans derived from chicory on GLP-1 synthesis and showed that the most important 63 

increment was observed with short DP fructans that were fermented mainly in the 64 

cecum and in the proximal gut.  65 

Besides inulin from chicory, other important source of fructans is found in 66 

Agave plants endemic of Mexico. Agave fructans are branched carbohydrates containing 67 
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 4 

β(2-1) and β(2-6) linkages that have been classified as graminans and agavins (fructan 68 

neoseries) according to the presence of an external and internal glucose unit.
10

 It is 69 

known that the complex agavins structures change with the plant age; younger plants (2 70 

to 4 year old) have mainly short DP, while older plants (5 to 7 year old) contain 71 

principally large DP and higher complexity.
11

 Regarding the role of agavins on 72 

metabolic parameters, our research group has demonstrated that agavins obtained from 73 

Agave tequilana, A. angustifolia and A. potatorum with a high proportion of short DP 74 

can modulate glucose and lipid metabolism as well as GLP-1 secretion on healthy 75 

mice.
12,13

  76 

Up to now, this is the first report that assess the potential of agavins from 4 years 77 

old Agave tequilana plants containing a high proportion of short DP fructans. In this 78 

study, agavins were given to overweight mice to counteract metabolic disorders induced 79 

by a HF diet, to measure SCFA changes along the gut as well as the modulation of 80 

gastrointestinal hormones. We also compared the agavins effects to those of inulin. 81 

 82 

Materials and methods 83 

Animals and diets 84 

Thirty-two male C57BL/6 mice (12 weeks old at the beginning of the experiment 85 

obtained from the Universidad Autonoma Metropolitana, Mexico) were individually 86 

housed in a temperature and humidity controlled room with a 12 h light-dark cycles. 87 

The mice were randomized to one of two experimental diets: a standard group (ST; 88 

n=8) was fed with a standard diet (5053, Lab Diet, USA) and a high fat group (HF; 89 

n=24) was fed with a high fat diet (58Y1; Test Diet, USA) for a 5 weeks period. At the 90 

end of this period, the HF group was divided into three new groups (n=8 per group) and 91 

a shift diet to standard diet (HF_ST) for 5 additional weeks. Two of these new groups 92 

received either agavins from Agave tequilana (HF_ST+A) or inulin from Cichorium 93 
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 5 

intybus (HF_ST+O) added in water
14-16

 at a concentration of 0.38 g by mouse per day. 94 

The standard diet contained 62.4% calories from carbohydrates (starch), 24.5% from 95 

proteins and 13.1% from fat. The high fat diet had 20.3% calories from carbohydrates 96 

(16.15% maltodextrin, 8.85% sucrose, and 6.46 powdered cellulose), 18.1% from 97 

proteins and 61.6% from fat. Food and water was provided ad libitum throughout the 98 

experiment. All experiments were conducted according to the Guidelines of the 99 

Institutional Care and Use of Laboratory Animals Committee from Cinvestav-Mexico 100 

and according to the Mexican Norm NOM-062-ZOO-1999. 101 

 102 

Fructans 103 

Four-year-old A. tequilana Weber Blue variety plants were collected from Amatitan 104 

region, Jalisco, Mexico. Agave plants age corresponded to their time in the field, 105 

starting from the “hijuelo” (plant shoot) plantation, this material was kindly donated by 106 

Casa Cuervo S.A. de C.V. Agavins were extracted and purified in our laboratory. 107 

Firstly, the juice from the Agave plants was obtained using a commercial extractor. The 108 

pH juice value was adjusted to 7 using Ca(OH)2. The Agave juice was then heated at 80-109 

85 °C for 30 min in a water bath with continuous agitation to inactivate the hydrolytic 110 

enzymes and saponins, 1% of diatomaceous earth and activated charcoal were added to 111 

remove suspended organic impurities and coloring matter. The juice was filtered under 112 

vacuum using a nylon membrane with a pore diameter of 0.20 µm and finally 113 

lyophilized. Agavins presented an average degree of polymerization (DP) of 8
11

 (Fig. 114 

S1). Linear fructans from chicory (Oligofructose; Orafti) were obtained from 115 

Megafarma
®

 (Mexico) with an average DP of 5. 116 

 117 

Body weight, food intake and plasma collection 118 
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 6 

Body weight was measured weekly throughout the experiment however the food intake 119 

was measured daily. The mean daily energy intake (kJ d
-1

) was obtained by multiplying 120 

food intake (g) by the energy value of diet (kJ g
-1

). The energy value for the ST diet was 121 

14.28 kJ g
-1

, for the HF diet was 21.35 kJ g
-1

 and for the agavins or inulin was 13.88 kJ 122 

g
-1

. Blood samples after 5 and 10 weeks were taken in the postprandial state from the 123 

mice tails in order to measure glucose, triglycerides and cholesterol. Blood glucose 124 

concentrations were measured immediately using a blood glucose meter (SD Check 125 

Gold, Mexico). Blood for triglycerides and cholesterol analysis was collected in heparin 126 

tubes (0.2 ml ml
-1

 of blood) and centrifuged at 1 600g for 15 min. Plasma was stored at 127 

–80 °C until analysis, which were carried out using kits coupling enzymatic reaction 128 

(BioVision, USA). After the trial period (10 weeks) mice in postprandial state were 129 

anaesthetized by intra-peritoneal injection of sodium pentobarbital solution (60 mg kg
-1

 130 

body weight). Blood for satiety hormone analysis was collected from the portal vein in 131 

heparin tubes containing dipeptidyl peptidase IV inhibitor (0.01 ml ml
-1

 of blood; 132 

Millipore, USA) and centrifuged at 1 600g for 15 min at 4 °C. Plasma was stored at –80 133 

°C until analysis.  134 

 135 

Plasma analysis for satiety hormones 136 

GLP-1 (active), ghrelin (active), insulin and leptin concentrations were quantified using 137 

a Mouse Diabetes Standard Bio-Plex kit (Bio-Plex Pro Assay, Bio-Rad, USA) and in a 138 

Luminex instrument according to the manufacturer´s specifications. The sensitivity for 139 

the Bio-Plex kit (in pg ml
-1

) is 0.8 for GLP-1, 0.8 for ghrelin, 22 for insulin and 6.2 for 140 

leptin. 141 

 142 

Determination of pH and SCFA 143 
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 7 

At death, proximal, medial and distal colon segments were immediately excised. The 144 

colonic contents of each section were put in iced vials and snap frozen at –80 °C. 145 

Colonic pH measurements were made using a microelectrode (PHR-146, Lazar 146 

Research Laboratories Inc., USA). SCFA analyses were carried out following Femia et 147 

al.
17

 protocol with some modifications, a gas chromatography and flame ionization 148 

detection from Hewlett Packard (HP4890D) was used. Briefly, 0.05 g of colon content 149 

was weighed and 0.3 ml of water was added. The solution was acidified with 0.05 ml of 150 

H2SO4 and SCFA were extracted by shaking with 0.6 ml of diethylether and subsequent 151 

centrifuged at 10 000g for 30 s. One microliter of the organic phase was injected 152 

directly onto a capillary column Nukol
TM

 (30 m x 0.32 mm; Supelco, USA) at 80 °C, 153 

using N2 as the carrier gas; detection temperature was set at 230 °C. Calibration curves 154 

of acetic, propionic and butyric acids were used to carried out SCFA quantification in 155 

the samples. 156 

 157 

Statistical analysis 158 

Results are presented as mean ± SEM. Differences between ST and HF groups were 159 

assessed by Student’s t-test. Differences between the diets were determined using a one-160 

way ANOVA followed by Bonferroni multiple comparison test. Differences were 161 

considered significant when P < 0.05. Statistical analyses were performed using 162 

GraphPad Prism (GraphPad Software, USA). Principal component analysis (PCA) was 163 

conducted using a language and environment for statistical computing R version 3.0.3 164 

(http://www.R-project.org/) and the ade4 package.  165 

166 
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 8 

Results 167 

Body weight and energy intake 168 

Initially, mice consumed a ST or HF diet for 5 weeks, mice that received the HF diet 169 

steadily gained weight, leading to a 30% weight gain with respect to the ST group (Fig. 170 

1A and S2). After 5 weeks on the HF diet, the overweight mice
18

 were shifted to a ST 171 

diet (HF_ST) or ST diet and either agavins (HF_ST+A) or inulin (HF_ST+O) addition 172 

for 5 more weeks. Only the animals that were shifted to a ST diet and received agavins 173 

or inulin in their water, showed a significant decrement on body weight (P < 0.05) by 174 

about 9%, surprisingly reaching values very close to those of healthy mice which were 175 

fed the ST diet throughout the whole experiment (Fig. 1B and S2). However, mice that 176 

did not receive a fructans but changed their diet (HF_ST) only showed a 4% body 177 

weight decrement (P = 0.32). The energy intake was significantly lower (P < 0.05) for 178 

mice that received the HF_ST+A and HF_ST+O diets compared to mice in the HF_ST 179 

and ST groups (Fig. 2). 180 

 181 

Blood glucose, triglycerides and cholesterol 182 

Mice fed 5 weeks with the HF diet, showed metabolic disorders related to glucose, 183 

triglycerides and cholesterol alterations. The HF group had significantly (P < 0.05) 184 

higher glucose (7.43 mM ± 0.07), triglycerides (0.95 mM ± 0.08) and cholesterol (2.44 185 

mM ± 0.14) concentrations than the ST group (6.80 mM ± 0.05), (0.53 mM ± 0.02) and 186 

(1.77 mM ± 0.17) respectively. However, the overweight mice that were shifted to the 187 

ST diet and drank water with agavins or inulin were able to counteract the metabolic 188 

disorders induced by the HF diet consumption (Table 1). The HF_ST+A and HF_ST+O 189 

groups showed significantly lower glucose, triglycerides and cholesterol concentrations 190 

(P < 0.05) in relation to the HF_ST group. Interestingly, after 10 weeks, no significant 191 
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 9 

differences were found in glucose, triglycerides and cholesterol concentrations between 192 

mice that consumed prebiotics (agavins or inulin) and the mice fed with ST diet during 193 

the whole experiment (10 weeks). On the other hand, HF_ST group (overweight mice 194 

that received a shift to ST diet) was not able to counteract the metabolic disorders 195 

induced by consumption of the HF diet. 196 

pH and SCFA in the mice gut 197 

Mice that drank water with agavins or inulin presented a significantly pH decrement in 198 

the proximal, medial and distal gut (P < 0.05) compared to HF_ST and ST groups (Fig. 199 

3A). In contrast, overweight mice that were shifted to the ST diet had a significantly pH 200 

increment in the three intestine sections (P < 0.05). Interestingly, only mice that 201 

consumed agavins or inulin showed an increment on SCFA concentrations along the gut 202 

in respect to HF_ST and ST groups. Agavins were fermented mostly in the medial and 203 

distal colon compared to inulin that was fermented mainly in the proximal gut (Fig. 3B, 204 

C and D). Acetic acid was the most abundant in the colon of all mice independently of 205 

the group, followed by propionic and butyric acids. There was a significant increase on 206 

acetic acid in the proximal gut of mice that drank fructans (P < 0.05) compared to the 207 

HF_ST and ST groups; however, in the medial gut, there were no significant differences 208 

in acetic acid between groups; whereas in the distal colon, the mice fed the ST diet 209 

throughout the 10 weeks showed a significantly lower acetic acid concentration (P < 210 

0.05) compared to HF_ST+A, HF_ST+O and HF_ST groups (Fig. 3B). The amount of 211 

propionic acid was significantly higher (P < 0.05) in the proximal gut of HF_ST+A and 212 

HF_ST+O groups compared to HF_ST and ST groups; however, only HF_ST+A group 213 

had a significant increase of propionic acid (P < 0.05) in the medial gut (about 37%) 214 

and in the distal intestine (approximately 51%) compared to HF_ST+O, HF_ST and ST 215 

groups (Fig. 3C). Moreover, the mice that received agavins or inulin showed a 216 
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 10

significantly higher concentration of butyric acid in the proximal gut (P < 0.05) 217 

compared to HF_ST group; finally, only the HF_ST+A group presented a significantly 218 

higher butyric acid concentration in the medial and distal segments of the intestine (P < 219 

0.05) in relation to HF_ST+O, HF_ST and ST groups (Fig. 3D). 220 

 221 

Satiety hormones response 222 

Portal plasma GLP-1 concentrations were significantly higher in mice that drank water 223 

added with agavins or inulin (P < 0.05) with respect to HF_ST and ST groups (Fig. 4A); 224 

however, only overweight mice that received inulin (HF_ST+O) had significantly lower 225 

ghrelin concentration (P < 0.05) compared to HF_ST+A, HF_ST and ST groups (Fig. 226 

4B). On the other hand, insulin concentrations were higher in mice that consumed either 227 

agavins or inulin (P < 0.05) compared to HF_ST and ST groups (Fig. 4C); Finally, 228 

leptin levels were significantly lower in mice that received agavins or inulin (P < 0.05) 229 

in relation to HF_ST group; interestingly, HF_ST+A and HF_ST+O groups had very 230 

similar leptin concentrations than that in the ST group (Fig. 4D). 231 

 232 

Principal component analysis (PCA) 233 

A PCA of all variables considered or measured in this study (body weight, glucose, 234 

triglycerides, cholesterol, SCFAs, pH and hormones) is shown in Fig. 5A. The first and 235 

second principal components (PCs) were responsible for 64% of the total variance. PC1 236 

show a clear separation of ST and HF_ST groups but an overlap was observed for 237 

HF_ST+A and HF_ST+O groups. PC1 (42%) was controlled mainly by the butyric acid 238 

concentration in the medial intestine, propionic acid in the proximal gut and portal 239 

GLP-1 levels, whereas PC2 (22%) was controlled by triglycerides, glucose and 240 

cholesterol concentrations in the mice blood (Fig. 5B).  241 
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 11

Discussion  242 

In this study we evaluated the effect of HF diet consumption for 5 weeks followed by a 243 

shift to a ST diet along with fructans addition for 5 more weeks. As expected, mice on 244 

the HF diet showed a 30% increased on body weight as well as a raise in glucose (9%), 245 

triglycerides (79%) and cholesterol (38%) concentrations in the blood (features often 246 

associated with the metabolic syndrome) compared to mice that were fed with a ST diet. 247 

The results obtained on mice fed with the HF diet might be associated with a change in 248 

the gut microbiota of the animals as previously reported.
14,19,20

 Moreover, it is known 249 

that a gut microbiota change as a result of a HF diet consumption is key on obesity 250 

development, insulin resistance and other metabolic syndrome hallmarks.
21,22

 251 

Fructans are fermented in the large intestine where acetate, propionate and 252 

butyrate acids are generally produced. A clear difference on the fermentation between 253 

short DP agavins and inulin was observed (Fig. 3). Agavins with DPavg=8 were slowly 254 

fermented in the proximal gut, then, a significantly increment in the medial and distal 255 

gut was observed, probably due to their intrinsic structural complexity.
10,11,23

 In the 256 

other hand, inulin (linear fructans) with DPavg=5 were mainly fermented in the proximal 257 

gut as reported by Cani et al.
9
 258 

A pH drop in the three gut sections of both mice groups that consumed fructans 259 

was observed due to an increase on total SCFA compared to HF_ST and ST groups 260 

(Fig. 3). The pH drop might change the gut microbiota composition and promote the 261 

growth of probiotic bacteria, preventing the overgrowth of pathogenic bacteria sensitive 262 

to pH as previously reported.
24,25

 In contrast, the overweight mice that only received a 263 

shift to the ST diet but no fructans showed significantly higher pH values in the three 264 

gut sections. Therefore, the solely change of diet was not sufficient to reverse the gut 265 

microbiota alterations (dysbiosis) induced by consumption of the HF diet,
26

 whereas the 266 
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 12

diet shift and fructans supplementation favorably changed the intestinal microbiota and 267 

improved overweight mice health.
14

 268 

In this work, it was observed that only HF_ST+A and HF_ST+O groups 269 

reverted the metabolic disorders induced by the HF diet (Table 1). In other words, 270 

fructans selectively modulated the gut microbiota along the large intestine through 271 

SCFA (acetate, propionate and butyrate) production.
27

 272 

Acetate and propionate are delivered to the liver via the portal vein where the 273 

raise in the ratio of propionate to acetate may potentially decrease lipogenesis.
7
 In 274 

addition, propionic acid has been reported to inhibit fatty acid synthesis in vitro and 275 

have a positive influence on host metabolism by regulation of intestinal 276 

gluconeogenesis.
28

 Then, the significant increment observed on propionic acid only in 277 

the gut content of overweight mice that received the agavins and inulin (Fig. 3C) can be 278 

associated with the decrement on triglycerides and cholesterol, these values were similar 279 

to those observed in healthy mice (ST group) (Table 1). Moreover, HF_ST group 280 

showed higher triglycerides and cholesterol concentrations, demonstrating or proving 281 

that a simple diet change is not enough to improve the overweight mice metabolic 282 

disorders. 283 

On the other hand, butyrate is largely utilized in the colon by the L cells, these 284 

cells are responsible for releasing GLP-1 (potent insulinotropic hormone) which inhibits 285 

food intake (leading to reduce gain weight), lowers blood glucose, decreases glucagon 286 

secretion and enhances insulin secretion by pancreas β-cell.
29-31

 Butyric acid increased 287 

significantly in the gut content of mice that consumed either fructans type. However, 288 

HF_ST+A group showed a higher butyric acid concentration in the medial and distal gut 289 

versus HF_ST+O group that presented a higher concentration of this acid in the 290 

proximal gut, this behavior might be due to the prebiotic structural differences. Besides, 291 
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 13

both mice groups that consumed fructans showed a significant increment on GLP-1 292 

levels in the portal vein when compared to HF_ST and ST groups (Fig. 4A). The GLP-1 293 

increment in HF_ST+A and HF_ST+O might be related to the low food intake, low 294 

body weight gain, glucose levels (Table 1) and the significantly higher insulin 295 

concentration in the portal vein (Figure 4C).  296 

  Ghrelin is another hormone involved in food intake regulation, in HF_ST+O 297 

group this hormone was inversely correlated to GLP-1 in portal vein.
9,32,33

 Short DP 298 

linear fructans are fermented preferentially in the proximal colon and butyric acid is 299 

known to be responsible for the GLP-1 increment, these are key events on GLP-1 300 

increment on portal vein consequently, a decrement in peripheral ghrelin.
9
 HF_ST+A 301 

group presented higher GLP-1 concentration (66%) and lower ghrelin (8%) but 302 

HF_ST+O group had a GLP-1 increment of 53% and ghrelin reduction of 43% when 303 

compared to HF_ST and ST groups (Figure 4B). The slightly reduction of ghrelin 304 

concentration in HF_ST+A group might be due to the complex agavins structure, that 305 

induced fermentation principally in the medial and distal intestine compared to inulin. 306 

A HF diet consumption has been associated with leptin resistance and since 307 

leptin is primarily involved in food intake and energy homeostasis, is also linked to the 308 

regulation of glucose homeostasis and numerous gastrointestinal functions.
34

 309 

Interestingly, HF_ST+A and HF_ST+O groups showed a decrease on leptin 310 

concentration moreover, these values were similar to those observed for the ST group 311 

(Figure 4D). The reduction of leptin levels in mice that received either agavins or inulin 312 

might be also related to the lowered food intake and body weight observed in the 313 

animals. 314 

  The PCA plot confirmed that there was a remarkable difference between the 315 

overweight mice that consumed agavins or inulin and the other two mice groups (Fig. 316 
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 14

5A). Despite the large structural differences and fermentation sites favored by 317 

HF_ST+A or HF_ST+O groups in the gut, the observed systemic effects by both 318 

fructans were similar. The PCA loading indicate that fructans consumption influenced 319 

SCFA concentration and hormones (GLP-1 and insulin) secretion. Interestingly, the 320 

body weight, ghrelin and leptin were closely associated to the HF_ST group (Fig. 5B). 321 

Finally, the PCA plot suggests that SCFAs increment, GLP-1 and insulin levels, as well 322 

as ghrelin and leptin decrement could be the most important affected parameters by 323 

HF_ST+A and HF_ST+O showing an overall decrease of the metabolic disorders 324 

(glucose, triglycerides, cholesterol and body weight) as shown in the Table 1 and Fig. 1, 325 

Fig. 3 and Fig. 4. 326 

 327 

Conclusions  328 

Agavins from Agave tequilana reverted the metabolic disorders induced by 329 

consumption of a HF diet, showing in general similar systemic effects to inulin, despite 330 

the great structural differences between fructans. Agavins reduced food intake, body 331 

weight, glucose, triglycerides and cholesterol in overweight mice, these effects were 332 

associated with the higher SCFA (propionic and butyric acid) levels in the gut content 333 

and hormones such as GLP-1, leptin and insulin in the portal vein. On the other hand, 334 

overweight mice that only were shifted to the ST diet showed a body weight loss, 335 

however, the metabolic alterations observed in these animals due to the 5 weeks on the 336 

HF diet were not revert. Therefore, a diet change along with a prebiotic consumption 337 

such agavins present a huge potential to improve the metabolic disorders associated 338 

with overweight.  339 
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Table 1 Effects on blood levels of glucose, triglycerides and cholesterol of 440 

overweight mice fed with a standard diet (HF_ST), agavins or inulin 441 

supplemented standard diets (HF_ST+A and HF_ST+O respectively) for 5 442 

weeks; ST group are healthy mice fed with standard diet. Values are mean ± 443 

SEM. Treatments with different superscript letters are significantly different (P < 444 

0.05). For more details of diets and procedures, see materials and methods.  445 

              

  
Glucose (mM) Triglycerides (mM) Cholesterol (mM) 

  

Group Mean SEM Mean SEM Mean SEM 

ST 6.42b 0.08 0.55b 0.01 1.67b 0.18 

HF_ST 7.36a 0.11 0.82a 0.05 2.37a 0.20 

HF_ST+A 6.40b 0.27 0.61b 0.02 1.89b 0.14 

HF_ST+O 6.44b 0.18 0.49c 0.03 1.82b 0.12 

              

 446 

447 
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Figure legends 448 

 449 

Fig. 1 Body weight evolution. (A) Mice fed with a standard (ST) or high fat (HF) diet 450 

for 5 weeks. (B) Diet shift of the overweight mice to standard diet (HF_ST) and agavins 451 

(HF_ST+A) or inulin (HF_ST+O) supplement for 5 more weeks. Results are presented 452 

as mean ± SEM. Means with different letters were significantly different (P < 0.05). 453 

 454 

Fig. 2 Food intake of overweight mice fed with a standard diet (HF_ST), agavins or 455 

inulin supplemented standard diets (HF_ST+A and HF_ST+O respectively) for 5 456 

weeks. ST group is a healthy mice fed with standard diet. Results are presented as mean 457 

± SEM. Means with different letters were significantly different (P < 0.05). For more 458 

details of diets and procedures, see materials and methods. 459 

 460 

Fig. 3 pH and SCFA concentrations in the gut content of overweight mice fed with a 461 

standard diet (HF_ST), agavins or inulin supplemented standard diets (HF_ST+A and 462 

HF_ST+O respectively) for 5 weeks. ST group is a healthy mice fed with standard diet. 463 

(A) pH drop, (B) acetic acid, (C) propionic acid and (D) butyric acid concentrations in 464 

each of the large intestine sections. Results are presented as mean ± SEM. Means with 465 

different letters were significantly different (P < 0.05). For more details of diets and 466 

procedures, see materials and methods. 467 

 468 

Fig. 4 Concentration of portal GLP-1 (A), ghrelin (B), insulin (C) and leptin (D) in 469 

overweight mice fed with a standard diet (HF_ST), agavins or inulin supplemented 470 

standard diets (HF_ST+A and HF_ST+O respectively) for 5 weeks. ST group is a 471 

healthy mice fed with standard diet. Results are presented as mean ± SEM. Means with 472 
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different letters were significantly different (P < 0.05). For more details of diets and 473 

procedures, see materials and methods. 474 

 475 

Fig. 5 PCA. (A) Scores plot of all parameters investigated in this study in overweight 476 

mice fed with a standard diet ( ), standard diet supplemented with agavins ( ) or inulin 477 

( ) for 5 weeks. ST group ( ) is a healthy mice fed with standard diet. (B) Loadings 478 

plot the two first PCs. BW, Body Weight; GLU, Glucose; TG, triglycerides; COL, 479 

cholesterol; AAP, AAM and AAD, acetic acid concentration in the proximal, medial 480 

and distal gut respectively; PAP, PAM and PAD, propionic acid concentration in the 481 

proximal, medial and distal gut respectively; BAP, BAM and BAD, butyric acid 482 

concentration in the proximal, medial al distal gut respectively; pH P, pH M and pH D, 483 

pH values in proximal, medial and distal gut respectively; GLP-1, glucagon-like 484 

peptide-1; GHRE, ghrelin; INS, insulin; LEP, leptin. 485 

 486 

 487 
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