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Abstract
Heliciculture produce snails that are eaten in many regions of Spain, especially in some areas where they are 

considered a delicacy. The fact of producing large snails would allow to maximize profits and for this reason to find 
the factors that regulate the weight of these mollusks is economically very interesting. In recent years, microbiota 
has been linked to weight in several species, including humans. The aim of this study was to evaluate the possible 
differences in the intestinal microbiota between snails (Helix aspersa) of different weights to establish the relationship 
between both. To do this, Aerobic Mesophilic, Lactic-Acid bacteria and Enterobacteriaceae counts were compared 
in stool samples from two groups of animals, distributed by weight. Furthermore, the evolution of the counts of these 
bacterial groups was observed from the waking from hibernation until the end of the study, after 22 days. The results 
showed no statistically significant differences between the two study groups in bacterial counts. In addition, no 
clear trend was observed in these counts during the course of the experiment. Additional studies could explain the 
differences found in this study compared with what is found in other papers.
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Introduction
Heliciculture, or snail farming, can be defined as the activity that 

includes land snails husbandry under conditions controlled by man, 
during the whole life cycle, to its gastronomic consumption (Arietti 
DG (http://nulan.mdp.edu.ar)).

Eating snails is deeply rooted in some areas of the country where 
this animal is considered a real delicacy. Although there is little data 
about snail commerce, it is expected that its demand growth in next 
years, especially thanks to the efforts to meet the current food legislation 
which is done with the objective of increasing product quality and 
safety.

In the Heliciculture, as in all animal production systems, one of 
the most interesting parameters to improve is the weight of the snails, 
as their sale is made based on it. Getting bigger snails, if the quality is 
maintained, ensures greater benefits to the farmer if other production 
parameters, such as conversion rate, are constant. Therefore, to find the 
factors that influence weight gain, as well as the utilization of nutrients 
from the diet, could allow its manipulation to maximize profits.

In recent years, many studies have linked the intestinal microbiota 
with increased weight in several animal species, including humans. 
Those studies have shown that the mere presence of the gut microbiota 
is able to increase the weight of the animals, mainly through increased 
caloric diet extraction [1-3]. From this finding, numerous studies have 
been conducted to try to characterize the intestinal microbiota of 
animals with a higher weight, to assess whether there were significant 
differences between the phylotypes present in these animals and 
those of normal weight. Most of them have found that the intestinal 
microbiota of overweight animals were different than microbiota of 
normal animals [4-8].

The aim of this work was to study the intestinal microbiota of 
snails of different sizes to see if there were differences in the count of 
some bacterial groups when compared to each other. Moreover, as 
these snails had just come out of hibernation at the beginning of the 
experiment, evolution of the microbiota was also studied.

Material and Methods
For the study, snails of the specie Helix aspersa Müller (Figure 1A) 

from Cal Jep’s farm (Castellfollit del Boix, Barcelona) were used. They 
had been in a state of hibernation for four months without eating. Two 
days before starting the study, animals were weighed and divided into 
two groups, large (G) (6.629 g ± 0.8537 g) and small (P) (3.845 g ± 
0.882 g), depending on their weight. Thereupon, they were awakened 
and kept in four containers (two for G and two for P groups) so they 
had room to move (Figure 1B). A total of 17 snails, 11 small and 6 large, 
were used and were fed ad libitum with feed used on their farm. The 
water was provided twice daily using sprays.

Figure 1: Helix aspersa Müller was the specie of snail used in this study (A). 
Container where snails where kept during the study (B).
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Sampling of feces was performed every 3-4 days during the 22 
days of the study, obtaining only the excretions of the day in which 
they were processed. The day when the first sampling was obtained 
was considered as the Day 1. For this, 24 hours before sampling, 
the container where snails were living was cleaned in order to avoid 
contamination with the feces of the previous days. It was considered 
as the unit of study the whole G and P groups due to the difficulty of 
knowing which snail had excreted the excrements. Feces were collected 
in a sterile pot and resuspended in sterile Ringer ¼. Subsequently, a 
serial dilution was made to inoculate the agar plates.

For comparison of the microbiota present in both groups, colony-
forming units (CFU) were counted after inoculation of plates of 
Trypticase Soy Agar (TSA) for Mesophilic Aerobes; Man-Rogosa-
Sharpe (MRS) for Lactic-Acid bacteria; MacConkey Agar to determine 
Enterobacteriaceae; Tryptone Sulfite Neomycin (TSN) for sulphite-
reducing clostridia; and Sulfite-Polymyxin Sulfadiazine (SPS) for 
Clostridium perfringens. MacConkey and TSA were incubated for 24 
± 2 hours at 37°C, MRS agar for 48 ± 2 hours at 37°C with 5% CO2, 
and TSN and SPS for 48 ± 2 hours at 37°C, in anaerobiosis conditions.

Results
Differences between groups

When the microbiota of the G and P group was compared using a 
Student’s t-test, no significant differences were found between counts of 
Aerobic mesophilic bacteria (P=0.423), Lactic-Acid bacteria (P=0.205) 
and Enterobacteriaceae (P=0.632).

Evolution of microbiota

The level of Aerobic Mesophilic bacteria in both large and small 
snails was stabilized from Day 8 of the study on. In the case of large 
snails, Aerobic Mesophilic bacteria began presenting a relatively low 
concentration in feces but then they were increased until a level where 
they were kept constant. Meanwhile, in small snails occurred the 
opposite: Aerobic Mesophilic bacteria increased at first but then they 
decreased until they were stabilized. In the case of Lactic-Acid bacteria 

it was observed a different behavior. In large snails there was a slow but 
progressive increase from the start of the study to the end, but from 
Day 18 on the levels of these bacteria were stabilized. In small snails 
there was a reduction of almost one Log in Lactic-Acid bacteria in the 
first days of the study. However, the levels were increased slowly to 
reach the initial value. In the case of Enterobacteriaceae, levels were 
somewhat erratic in both groups with increases and decreases of the 
concentration of these microorganisms, although these changes were 
not significant. All data obtained allows to characterize the microbiota 
of these animals as fairly stable (Figure 2). There was no growth of 
sulfite-reducing bacteria and C. perfringens at any time of the study.

On the other hand, the correlation between the different study 
groups was also calculated but no significant relationship was observed 
between them (P>0.05).

Discussion
Differences between groups

The findings of this study show no significant differences between 
the microbiota of snails of different weight. This is consistent with 
findings in some articles [9,10], but differs from the results of most 
studies [4-8]. There are several considerations to take into account that 
might explain these differences. These studies are assessing pathological 
conditions such as overweight and obesity. In the snails of this study 
the microbiota associated with weight was assessed but without going 
into the possibility that these animals may suffer these conditions. 
Thus it is very likely that the snails were completely healthy and weight 
differences were due only to interindividual variations that occur in 
a normal population. However, some of these papers also correlated 
microbiota with body weight, not with pathological states.

Therefore, there must be other differences between this study and 
others to explain the different results. Perhaps the answer lies in the 
species tested. The growth in mice, pigs or humans, species studied 
in the papers already cited, is much slower than the growth of the 
snails, which can double their weight in a few days. Increasing these 
differences between species there is the fact that snails come from a 

Figure 2: Evolution of microbiota throughout time. Abbreviations: AM (Aerobic Mesophilic), LAB (Lactic Acid Bacteria) and EB (Enterobacteriaceae).
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farm that has selected them over time. Bacteria have evolved over 
the years along with the species that host them, establishing a close 
relationship between both. The pressure exerted by human selection 
may have diluted the effects of the microbiota on the weight, which 
would not be able to adapt to the rapid growth of the snails.

Another explanation could be that there were differences between 
species in the mechanisms involved in weight gain due to microbiota. 
Several molecules have been related with the increase of body mass 
in animals and humans, as G protein-coupled receptor GPR41 and 
GPR43 (both activated by short chain fatty acids), CD14 (activated by 
lipopolysaccharides), Toll-like receptor 5, Fasting induced adipocyte 
factor (FIAF) and AMP-activated protein kinase (AMPK), but it is 
unknown if Helix aspersa is capable of expressing such proteins or if 
they are implicated in weight gain in these animals [11,12].

Although there is no difference between large and small snails 
in the bacterial groups studied, it is possible that differences in other 
taxonomic levels are given. In the aforementioned papers [4-8] 
phylotypes were assessed at the level of phylum, class, genus or species, 
so it would be necessary to take other more detailed studies to compare 
them in a more reliable way.

Finally, it must be considered the possibility that there are actually 
no differences between the microbiota of both groups of snails and 
that weight variations are due to other environmental and/or genetic 
factors.

Evolution of microbiota

The snails began the study just after waking up from hibernation, 
when they had been four months without eating. One of the most 
important factors in the modulation of the microbiota is diet. When 
the snails are in this state, microorganisms receive much less nutrients 
to grow, so microbial community and interactions between hos t and 
microbiota can be altered [13]. Furthermore, it has been observed that 
during hibernation there are deep changes in the intestinal immune 
system of ground squirrels, which may affect the intestinal microbiota 
modulation [14]. Some studies have shown that during hibernation a 
decrease in diversity and number of species occurs, thus generating a 
very different microbiota in comparison with active animals [13,15].

Although these studies are not comparable with this one due to 
differences in methodology, in species used or in the phylotypes 
evaluated, in the present study no large variations between the 
intestinal microbiota of snails just after waking up and snails of the end 
of the study were observed.

The only bacteria that showed a steady increase from the 
beginning to the end of the experiment were Lactic Acid and Aerobic 
Mesophilic bacteria of the G group. All the others, even with the small 
variations between different days of the study, showed no clear trend, 
demonstrating the stability of the microbiota of these mollusks.

Conclusions
It has been shown that large snails, in comparison with small, 

don’t have higher counts of Aerobic Mesophilic bacteria, Lactic-Acid 

bacteria and Enterobacteriaceae, in contrast to the information found 
in the literature about what occurs in other species.

Microbiota, contrary to what could be expected considering the fact 
that the snails had just come out of hibernation, showed no significant 
differences between the start and the end of study.

The comparison between the results obtained in this study and 
those published in the literature should be taken with caution. The 
differences between the bacterial groups studied do not allow the 
comparison in an outright way, so it would be interesting to perform 
new experiments to evaluate other taxa.
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