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Introduction
Heliciculture is considered as an alternative 

farming activity in many countries, offering an ad-
ditive source of income for farmers and contributing 
to social cohesion. Snails have been an important 
nutrient source since prehistoric times. In ancient 
Rome, garden snails were selected, bred and fat-
tened under controlled conditions (De Grisse, 
1991), establishing, therefore, the primitive forms 

of snail farming and introducing edible snails (es-
cargot) in countries worldwide. Nowadays, escargot 
is consumed in many countries (i.e., Europe, Africa, 
Middle East) and is considered as a delicatessen 
food (Ghosh et al., 2016; 2017).

Snail meat is low in calories and forms a valu-
able nutrient due to its high protein and low-fat con-
tent (Cheney, 1988). The increasing human popula-
tion growth leading to the need for different protein 
sources together with the vast interest in healthier 
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snails that have reached proper commercial weight and size (mean weight: 
16.97 ± 0.29 g; mean diameter: 38.66 ± 0.24 mm). The results revealed that 
meat from snails fed diet containing organic soya had higher collagen content, 
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foods of low energy and fat content, render escar-
got as a promising alternative. According to Murphy 
(2001), snail meat contains many nutrients required 
for a balanced and healthy diet. Dietary lipids are 
important for humans as the composition of fatty 
acids in the consumed foods plays a pivotal role in 
human health. Excessive intake of saturated fatty 
acids in comparison to (poly)unsaturated fatty acids 
is considered as a crucial factor for developing heart 
disease and other pathologies (Ander et al., 2003). 
The development of such pathologies is directly 
linked with oxidative stress (Rajendran et al., 2014), 
the effects of which are strongly related to the type 
and amount of macronutrients consumed (Kitabchi 
et al., 2013). Thus, the production of foods (i.e., 
through animal farming) containing higher levels of 
healthier nutrients (i.e., polyunsaturated fatty acids 
(PUFA), ω-3/ω-6 fatty acids ratio, etc.) is of utmost 
importance since they assist human health.  

Although heliciculture is considered a difficult 
farming activity, many snail farms have been es-
tablished trying to cover market demands. Various 
farming systems for escargot production are, usu-
ally, implemented. These range from the so-called 
extensive systems, which are characterized by low 
infrastructure level and feed support based on green 
vegetables, to the intensive systems, which are char-
acterized by a high level of intensification and the 
use of compound diet. 

Many studies have focused on the biological, 
technical, management and feeding requirements 
concerning snail’s breeding under farming condi-
tions (FAO, 1986a,b; Bonnet et al., 1990; Blanc, 
1993; Iglesias and Castillejo, 1999). Changing the 
protein source in a diet or enriching diets with vari-
ous lipid sources is a common practice used in farm 
animal production either for management purposes 
or for increasing the nutrient value of the final prod-
uct. The advantages of using compound diets on 
snail farming in order to improve the growth rate 
and hygiene of the farm has been previously docu-
mented (Ribas, 1986). The enrichment of snail diet 
with different vegetable oils revealed statistically 
significant differences in the levels of fatty acids 
(Milinsk et al., 2003). However, there is still inad-
equate information concerning how diets with dif-
ferent protein sources could affect snail meat com-
position in rearing conditions. So, we hypothesized 
that the use of different protein sources could lead to 
changes in the chemical proximate characteristics of 
the final product, that may further assist to an added 
value of the product or to meet consumer’s demands 
(i.e., meat enriched in ω-3 and ω-6 fatty acids). 

Thus, the aim of the present study was to examine 
the effect of four compound diets containing the dif-
ferent main protein source (conventional genetically 
modified (GM)-soya (Glycine max), organic soya, 
white lupin (Lupinus alba) or pea (Pisum sativum)) 
on meat of snails (Cornu aspersum aspersum) reared 
under intensive rearing conditions. More specifically, 
we focused on a) the muscle chemical composition;  
b) levels of the fatty acids in meat; and c) the meat 
antioxidant profile. Moreover, the results of this study 
can help implement better farming practices to obtain 
a final escargot product containing higher levels of 
human health favourable nutrients (i.e., PUFA) com-
pared to snails collected directly from nature. 

Material and methods

Animals and diets
The study was conducted on an intensive snail 

farm (greenhouse type) located in Central Greece 
(Prefecture of Thessaly) and lasted 120 days 
(15th May – 15th September 2019). For the experi-
mental purposes 8 000 snails (Cornu aspersum 
aspersum) of the same age and weight (1-day-old; 
0.003 ± 0.001 g each) originated from parents that 
were farm kept, mated and reared under the same 
farming conditions, were randomly distributed 
into four different treatments (experimental parks;  
Gogas et al., 2003) with five replicates in each treat-
ment (400 snails in each replicate). All animals were 
artificially reared under the same experimental pro-
tocol with optimum farming conditions (mean tem-
perature 25.02 ± 0.98 °C; relative humidity 85–90% 
using a mist propagation system; light conditions 
followed climate conditions with a minimum 11 h 
and maximum 14 h of light). In each treatment, 
a different diet was implemented. Specifically, the 
diet given in each treatment differed in the main 
protein source included in the final ration; however, 
the final protein content was set at approximately 
14 g. The first diet, which was the farm’s conven-
tional diet, contained GM-soya flour (Glycine max; 
SYD diet) as the main protein source, the second 
diet contained organic soya flour (organic Glycine 
max; OSD diet), the third diet contained Lupinus 
albus (white lubin) bean flour (LAD diet) and the 
fourth diet contained Pisum sativum (pea) bean 
flour (PSD diet). Diets LAD and PSD were chosen 
as cheaper alternatives to soya and OSD as more or-
ganic approach towards consumers. The composi-
tion and characteristics of the diets that were imple-
mented in each treatment are presented in Table 1.
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Animals during the whole experimental period 
had ad libitum access to feed. The amount of the 
implemented diet per treatment varied depending 
on the week of the experimental period (fattening 
period) and ranged from 80 to 200 g from the week 
1 to the final week (week 16), respectively. In 
addition, for comparative purposes, 1 000 sexually 
mature snails (Cornu aspersum aspersum) that lived 
in nature (NAD group) were collected directly from 
the field (southwest part of Greece; September 2019). 
One day (24 h) before the end of the experimental 
period snails were fasted. Then, 150–200 snails from 
each treatment were randomly selected for further 
analyses. The selected animals had reached a proper 
commercial weight and size (mean weight: 16.97 ± 
0.29 g; mean diameter: 38.66 ± 0.24 mm). Before 
the meat was extracted from the shell the snails 
were washed with running tap water to remove 
surface dirt. Approximately, 500 g of homogenized 
snail meat from each treatment was used for 
further chemical and antioxidant analyses. Weight 
was estimated using a digital electronic weighting 
scale (Mettler PC180, Mettler-Toledo, Greifensee, 
Switzerland). 

Chemical composition and antioxidant 
analyses

Water content (moisture) of the studied meat 
samples was measured by desiccation at 105 °C. 
The difference in weight (g) before and after drying, 
was expressed as a percentage of the water content. 
Weight was estimated using a weighting scale as 
described above. All chemical analyses were con-
ducted in three replicates. Protein content (%) was 
determined using the Kjeldahl method (% N × 6.25; 
AOAC, 1990). Collagen content (% of the total pro-
tein) was quantified using the ISO standard method 
(ISO 3496:1994) for hydroxyproline content deter-
mination (ISO, 1994). 

The total lipid extraction from the meat sam-
ples was conducted using the Folch method (Folch 
et al., 1957) and fatty acid methyl esters (FAMEs) 
were further prepared. FAMEs were analysed with 
the use of a gas chromatograph (Hewlett Packard 
5880 GC, Hewlett-Packard, Palo Alto, CA, USA) 
equipped with a flame ionization detector followed 
the methodology described by Milinsk et al. (2003). 

For protein carbonyls (PC; nmol/mg total pro-
tein) the methodology described by Patsoukis et al. 
(2004) was used. In this assay, 50 μl of 20% trichlo-
roacetic acid (TCA) was added to 500 mg of homog-
enized muscle and the mixture was incubated in an 
ice bath for 15 min and then centrifuged at 15 000 g Ta
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for 5 min at 4 °C. The supernatant was discarded 
and 500 μl of 10 mM 2,4-dinitrophenylhydra-zine 
(DNPH) were added to the sample, or 500 μl of 
2.5 N HCl for the blank, and added in the pellet. 
The samples were incubated in the dark at room 
temperature for 1 h with vortexing every 15 min 
and centrifuged at 15 000 g for 5 min at 4 °C. The 
supernatant was discarded and 1 ml of 10% TCA 
was added, vortexed and centrifuged at 15 000 g for 
5 min at 4 °C. The supernatant was discarded and 
1 ml of ethanol-ethyl acetate mixture (1:1, v/v) was 
added, vortexed and then centrifuged at 15 000 g for 
5 min at 4 °C. This step was repeated twice. The 
supernatant was discarded and 1 ml of 5 M urea  
(pH 2.3) was added, vortexed and incubated at 
37 °C for 15 min. The samples were centrifuged at 
15 000 g for 3 min at 4 °C and the absorbance of the 
supernatant was read at 375 nm. 

Thiobarbituric acid reactive substances (TBARS; 
nmol/mg total protein) were measured according 
to the method described by Keles et al. (2001). 
Briefly, 100 mg of homogenized muscle was 
mixed with 500 μl of 35% TCA and 500 μl of 
Tris(hydroxymethyl)aminomethane hydrochloride 
(200 mM, pH 7.4), and incubated for 10 min at 
room temperature. One millilitre of 2 M Na2SO4 and 
55 mM of thiobarbituric acid solution were added 
and the samples were incubated at 95 °C for 45 min. 
The samples were cooled on ice for 5 min and vor-
texed after adding 1 ml of 70% TCA. The samples 
were centrifuged at 15 000 g for 3 min and the ab-
sorbance of the supernatant was read at 530 nm. 

Τotal antioxidant capacity (TAC; μmol/mg 
total protein) was determined as described by 
Janaszewska and Bartosz (2002). In this assay, 
20 mg of muscle were added to 480 μl of 10 mM 
sodium potassium phosphate (pH 7.4) and 500 μl of 
0.1 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) free 
radical, and the samples were incubated in the dark 
for 30 min at room temperature. The samples were 
centrifuged for 3 min at 20 000 g and the absorbance 
of the supernatant was read at 520 nm. Glutathione 
content (GSH; μmol/mg total protein) was measured 
according to Reddy et al. (2004). Homogenized 
muscle (100 mg) treated with 5% TCA was mixed 
with 660 μl of 67 mM sodium potassium phosphate 
(pH 8) and 330 μl of 1 mM 5,5’-dithiobis(2-
nitrobenzoate) (DTNB). The samples were incubated 
in the dark at room temperature for 45 min and the 
absorbance was read at 412 nm. Catalase activity  
(U/mg total protein) was determined using the 
methodology described by Aebi (1984). Homogenized 
muscle (10 mg, diluted 1:10) was added to 2 990 μl of 

67 mM sodium potassium phosphate (pH 7.4) and the 
samples were incubated at 37 °C for 10 min. Hydrogen 
peroxide (H2O2, 30%, 5 μl) was added to the samples 
and the change in absorbance was immediately read 
at 240 nm for 130 s. Calculation of catalase activity 
was based on the molar extinction coefficient of H2O2.

Statistical analysis
One way analysis of variance (ANOVA) was used 

to examine the effect of diet on the determined chem-
ical and antioxidant parameters. The average values 
were compared using the Tukey test (P < 0.05). The 
SPSS ver. 25 software (IBM Corp., Armonk, NY, 
USA) was used for statistical analysis purposes. 

Results
The results of chemical analyses of muscle of 

snails fed different diets as well as of those collected 
directly from nature are presented in Table 2. No 
statistically significant differences were observed 
between four examined treatments in regard to wa-
ter content; however, NAD snails showed statisti-
cally lower levels (P < 0.001) of water content in 
their muscle. Moreover, all snails fed under the in-
tensive farming system with the implemented com-
pound diets (SYD, OSD, LAD, PSD) showed higher 
levels of protein in their muscle in comparison with 
NAD group. Snails fed SYD diet showed approxi-
mately 7.1–9.1% lower levels of protein content in 
comparison with snails fed OSD, LAD and PSD 
diets. Additionally, snails fed PSD diet showed ap-
proximately 14.7 and 28.4% higher (P < 0.001) fat 
content than snails fed SYD diet or NAD snails, re-
spectively. In regard to collagen levels, snails fed 
OSD diet were characterised by higher (P < 0.001) 
collagen levels in comparison with other snails.

Table 2. Chemical composition and water content of muscle of snails 
(Cornu aspersum aspersum) fed either experimental diets with 
different protein sources or collected in nature

Group Water  
content, %

Protein,  
%

Fat,  
%

Collagen,  
%

NAD 78.94 ± 2.10a 10.63 
 ± 0.20a 0.83 ± 0.03a 1.10  ± 0.02a

SYD 82.97 ± 0.09b 11.64 ± 0.18b 0.99 ± 0.04b 1.04   ± 0.02a

OSD 83.19 ± 0.24b 12.53 ± 0.19c 1.05 ± 0.03bc 1.57   ± 0.08b

LAD 83.26 ± 0.09b 12.81 ± 0.21c 1.07 ± 0.04bc 1.20  ± 0.03a

PSD 83.37 ± 0.18b 12.57 ± 0.12c 1.16 ± 0.03c 1.22  ± 0.02a

P-value 0.001 0.001 0.001 0.001
NAD – snails collected in nature, SYD – snails fed diet based on 
genetically modified Glycine max (soya) flour, OSD – snails fed diet 
based on organic soya flour, LAD – snails fed diet based on Lupinus 
albus (white lupin) bean flour, PSD – snails fed diet based on Pisum 
sativum (pea) bean flour; analyses were conducted in triplicates; results 
are presented as mean ± standard error; a-c – means with different 
superscripts in the same column are significantly different at P < 0.001
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The fatty acid profile of snail muscles is shown 
in Table 3. Snails fed SYD diet showed lower 
(P < 0.001) levels of unsaturated (UFA) to satu-
rated (SFA) fatty acids ratio in comparison with  

 
the other examined treatments. Moreover, in snails 
fed PSD diet the highest ratio of polyunsaturated 
(PUFA) to monounsaturated (MUFA) fatty acids 
was noted, followed by snails fed LAD diet. The 
lowest level (P < 0.001) of PUFA/MUFA ratio was 
observed in the NAD snails. In addition, snails fed 
PSD and LAD diets revealed higher (P < 0.001) 
levels of ω-6 to ω-3 ratio in comparison with the 
respective values obtained from snails fed OSD 
and SYD diets or even NAD snails (approximately 
16.2, 22.1 and 33.9% higher values, respectively).  
On the contrary, snails reared under natural con-
ditions (NAD) showed the lowest levels of the re-
spective ratio (ω-6/ω-3). Snails from PSD group had 

higher (P < 0.001) ω-3 fatty acid content in compari-
son with the rest examined groups. 

Antioxidant biomarker levels in the snail mus-
cle are shown in Table 4. Statistically significant 
differences (P < 0.001) in protein carbonyls were 
observed between all the examined treatments. 
The highest value was observed in snails fed LAD 
diet, while the lower value was observed in NAD 
snails followed by those fed OSD diet. In NAD 
snails TBARS value was lower in comparison with 
snails from experimental groups. However, snails 
fed soya flour (either organic or genetically modi-
fied) showed lower (P < 0.001) TBARS values 
in comparison with snails fed LAD or PSD diets  
(Table 3). Catalase levels were higher (P < 0.001) 
in snails fed LAD or PSD diets in comparison with 
the rest examined cases. No statistical differences 
were observed for GSH levels. However, snails fed 
LAD diets showed higher values (P < 0.001) of TAC 
in comparison with snails fed SYD, OSD diets or 
NAD ones. 

 

Discussion

The world population is expected to reach 
about 9.7 billion human beings in 2050 (FAO, 
2021) projecting the need for animal products to be 
doubled. In addition, a majority of the consumers 
is expected to turn their preferences into functional 
foods focusing on specific nutrients that may assist 
and protect human health (i.e., PUFA, ω-3, ω-6 fatty 
acids etc.). Heliciculture could, auxiliary, contribute 
to such an approach, as snails are considered 
a valuable nutrient source for human health in 
respect to their high level of protein content, low-
fat content and beneficial fatty acid profile. In such 

Table 3. Lipid profile of muscle of snails (Cornu aspersum aspersum) 
fed either experimental diets with different protein sources or collected 
in nature

Group UFA/SFA PUFA/MUFA ω-6/ω-3 ω-3, %
NAD 1.85 ± 0.03c 3.15 ± 0.03a 1.91 ± 0.05a 14.04 ± 0.06a

SYD 1.55 ± 0.02a 3.45 ± 0.03b 2.42 ± 0.04b 16.75 ± 0.16b

OSD 1.70 ± 0.02b 3.43 ± 0.04b 2.25 ± 0.04b 16.60 ± 0.13b

LAD 2.00 ± 0.04d 5.07 ± 0.05c 2.76 ± 0.07c 16.78 ± 0.12b

PSD 1.90 ± 0.01cd 5.68 ± 0.06d 2.89 ± 0.09c 20.59 ± 0.18c

P-value 0.001 0.001 0.001 0.001
NAD – snails collected in nature, SYD – snails fed diet based on 
genetically modified Glycine max (soya) flour, OSD – snails fed diet 
based on organic soya flour, LAD – snails fed diet based on Lupinus albus 
(white lubin) bean flour, PSD – snails fed diet based on Pisum sativum 
(pea) bean flour; UFA – unsaturated fatty acids, SFA – saturated fatty 
acids, PUFA – polyunsaturated fatty acids, MUFA – monounsaturated 
fatty acids; analyses were conducted in triplicates; results are presented 
as mean ± standard error; a-d – means with different superscripts in the 
same column are significantly different at P < 0.001

Table 4. Antioxidant profile of muscle of snails (Cornu aspersum aspersum) fed either experimental diets with different protein sources  
or collected in nature

Group Protein carbonyls,  
nmol/mg total protein

TBARS,  
nmol/mg total protein

Catalase activity,  
U/mg total protein

Glutathione content, 
nmol/mg total protein

Total antioxidant activity,  
μmol/ml total protein

NAD 31.34 ± 0.12a 29.54 ± 0.12a 111.84  ± 0.32a 0.049 ± 0.001 0.599 ±  0.006a

SYD 33.68 ± 0.05c 31.34 ± 0.22b 143.67 ± 0.44b 0.042 ± 0.002 0.587 ±  0.006a

OSD 32.28 ± 0.12b 31.03 ± 0.26b 148.98 ± 0.42c 0.045 ± 0.001 0.661 ±  0.016b

LAD 36.00 ± 0.48e 34.82 ± 0.35c 178.05 ± 0.28d 0.050 ± 0.001 0.715 ±  0.019c

PSD 34.86 ± 0.18d 33.88 ± 0.18c 181.79 ± 0.30e 0.048 ± 0.008 0.682 ±  0.015bc

P-value 0.001 0.001 0.001 >0.05 0.001
NAD – snails collected in nature, SYD – snails fed diet based on genetically modified soya flour, OSD – snails fed diet based on organic soya 
flour, LAD – snails fed diet based on Lupinus albus (white lupin) bean flour, PSD – snails fed diet based on Pisum sativum (pea) bean flour;  
PUFA/MUFA – polyunsaturated fatty acids to monounsaturated fatty acids ratio; TBARS – thiobarbituric acid reactive substances; analyses 
were conducted in triplicates; results are presented as mean ± standard error; a-e – means with different superscripts in the same column are 
significantly different at P < 0.001
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an approach, the implemented farming practices 
could also assist, like changes in diet composition, 
which is widely used in farm animals. However, 
little research has been conducted on snails reared 
under intensive rearing conditions on this aspect. 
In the present study, we report the effect of four 
implemented diets consisting of a different type of 
major protein source (soya flour, organic soya flour, 
Lupinus albus flour, Pisum sativum flour) on muscle  
chemical composition and fatty acid profile of snails 
reared under controlled farming conditions. 

It was observed that the implemented diets 
affected water, protein, fat and collagen contents in 
snails. Better and controlled rearing conditions that 
were under intensive farming in comparison with 
natural conditions could be obviously attributed 
to the observed differences in muscle chemical 
composition. Interestingly, in snails fed organic soya 
(OSD diet) an increase of protein content in muscle 
was observed in comparison to those fed non-
organic soya (SYD diet). As little research has been 
conducted on the nutrition physiology of snails, there 
is no profound reason why this was noted. Generally, 
dietary energy, protein concentration and essential 
amino acids balance are important factors for daily 
weight gain and further muscle development. Taking 
into account that both diets (SYD and OSD) had the 
same protein level and energy, it can be assumed that 
differences in the amino acids’ concentrations could 
possibly have attributed to the observed protein 
content difference, either as a result of an increase 
in feed intake by animals or changes in the amino 
acid profile resulting from genetically modified soya 
processing. In pigs, according to Li and Patience 
(2017), imbalances in branched-chain amino 
acids can be detected and further affect negatively 
feed intake. Experiments conducted on mice fed 
a GM soya-based diet, revealed mitochondrial 
modifications – an indicator of reduced metabolic 
rate (Malatesta et al, 2008). Further, changes in 
microscopic and ultramicroscopic levels due to  
GM-soya intake have been reported (Cisterna et al., 
2008), and could possibly lead to a lower content 
of metabolized nutrients. Moreover, although soya 
beans contain a higher protein content than Pisum 
sativum, the differences in the protein muscle content 
observed in snails fed LAD or PSD diets could be 
possibly attributed to a better protein digestibility of 
the animal itself. Moreover, the higher fat content 
observed in muscle of animals fed compound diets 
than in NAD animals can be related to the higher fat 
content of these diets. Although PSD diet had a lower 
fat content in comparison with SYD diet, similarly 

to protein content the meat of snails fed this diet had 
significantly higher fat content. This may indicate 
a possibly better digestibility of fats contained in PSD 
diet and further better nutrient intake and absorbance 
in comparison with soya-based diets. Generally, 
it has been reported that in the land snails, the feed 
assimilation efficiency ranges between 30–78% 
depending on the type of feed (Richardson, 1975). 
However, as the snail physiology and diet absorbance 
are not very well studied, further research on snail 
farming conditions is needed for clarifying the 
aforementioned assumptions with respect to novel 
compound protein sources.

Collagen is a high molecular protein that in the 
last two decades is intensively used by the industry 
for the production of various types of (para-)phar-
maceutical products. Thus, snails could form a natu-
ral alternative collagen source. In snails fed OSD 
higher collagen content was observed. There is no 
profound explanation as to why snails fed GM-soya 
(SYD diet) did not have similar high collagen con-
tent. Previous reports indicate that soaybean pep-
tide apart from anti-fatigue and antioxidant activi-
ties, has also the ability to increase type I collagen 
(Sekine et al., 2008; Tokudome et al., 2012; Zhang 
et al., 2020). We can, therefore, assume that the in-
fluence of the genetic modification process of soya 
could have decreased the efficiency of the soybean 
peptide attributing, possibly, to the observed lower 
levels of collagen stated in snails fed SYD diet.

The fatty acid profile was, also, differentiated 
according to the protein source in the diets. Generally, 
the fatty acid profile could act as a protective vehicle 
for human health, depending on the ratio of their 
profile. PUFA, MUFA and SFA, as well as ω-6 
and ω-3 fatty acids, are considered as indices of 
major importance for the nutritional evaluation of 
fat (British Department of Health, 1994). Dietary 
ratio of ω-6/ω-3 lower than 4:1 in atherosclerosis 
prevention is recommended (Williams, 2000; Raes 
et al., 2004; Orellana et al., 2009). Moreover, ω-3 
fatty acids form an integral part of cell membranes, 
and they have also anti-inflammatory properties. 
Therefore, they are considered as useful molecules in 
the management of many inflammatory and chronic 
diseases. In the present study, a higher ratio of  
UFA/SFA was observed in snails fed Lupinus alba-
based diet (LAD). It probably resulted from the 
higher lipid content in this diet. The observed higher 
ratio indicates a healthier profile of fatty acids, which 
is also enhanced by the fact that the ratio of PUFA/
MUFA was high. Taking these two ratios together, it 
can be assumed that snails fed LAD diet developed 
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a healthier fatty acid balance, possibly due to the 
higher content of the total lipids in the implemented 
diet. However, a higher ω-6/ω-3 fatty acids ratio in 
snails fed experimental diets was noted in comparison 
with snails collected from nature, as a result of the 
more elaborated feeds and diets implemented under 
farming conditions. Although the ω-6/ω-3 ratio was 
higher in the experimental groups, it did not reach 
the highest value recommended for human diet in 
total (4:1). In addition, snails fed PSD diet had better 
(higher) ω-3 content (% total lipids) that could be 
attributed to the better lipid profile of Pisum sativum. 
Thus, both diets including Pisum sativum or Lupinus 
alba as the main protein source had a healthier profile 
of ω-6 and ω-3 fatty acids. 

It was, also, revealed that compound diets influ-
enced the antioxidant profile of snail meat. Higher 
levels of the determined antioxidant indices were 
observed in snails fed LAD or PSD diets in com-
parison with other groups. Both diets resulted in  
a better profile of catalase and total antioxidant activ-
ity, offering a proxy for ameliorating the antioxidant 
capacity of the final product. This could be attrib-
uted to the higher lipid content, higher ω-6/ω-3 ratio 
and higher content of ω-3 fatty acids in these diets, 
which as molecules have a well-established antioxi-
dant activity. However, also, higher levels of pro-
tein carbonyls and TBARS can be attributed to the 
higher levels of protein and fat contents observed in 
snails fed LAD and PSD diets, as a result of higher 
catabolism of proteins and lipids. Although elevated 
levels of both TBARS and protein carbonyls have 
been related to many pathological conditions in-
cluding atherosclerosis, obesity and metabolic dis-
eases (Williams, 2000; Rajendran et al., 2014), the 
overall antioxidant profile noted in LAD and PSD 
was better in contrast to that of snails fed with SYD, 
OSD or snails collected from nature. 

Conclusions
It was observed that the snail diet composition 

affected the chemical composition as well as the fatty 
acid profile and the antioxidant capacity of snail mus-
cle. The diet based on organic Glycine max (soya) as 
the main protein source resulted in higher collagen 
content in snail meat, whereas animals fed diets con-
taining Pisum sativum (pea) and Lupinus alba (white 
lupin) had higher protein and fat content as well as  
a healthier fatty acid profile (i.e., better propor-
tion of polyunsatu rated fatty acids to monounsatu-
rated ones or higher total ω-3 fatty acid content) and  
a better antioxidant capacity. The results provide nov-
el, valuable information about snail farming practices,  

and also how to improve the final product to be suitable
for consumer dietary preferences. Nevertheless, fur-
ther studies on Cornu species reared under farming
conditions are needed to explore their digestive pro-
cessesand nutrition physiology. 

Acknowledgements
The authors would like to thank the Mediter-

ranean Escargot company for offering its farming 
premises for conducting the experiment. We would 
also like to thank the staff of the snail farm for their 
assist in animal farming practices.

Ethical note
All rearing conditions and handling procedures 

were in accordance with the European Commis-
sion Recommendation 2007/526/EC and Directive 
2010/63/UE on revised guidelines for the accommo-
dation and care of animals used for experimentation 
and other scientific purposes.

Conflict of interest
The authors declare that there is no conflict of 

interest. 

References
Aebi H., 1984. Catalase in vitro. Methods Enzymol. 105, 121–126, 

https://doi.org/10.1016/S0076-6879(84)05016-3
Ander B.P., Dupasquier C.M.C., Prociuk M.A., Pierce G.N., 2003. Poly-

unsaturated fatty acids and their effects on cardiovascular dis-
ease. Exp. Clin. Cardiol. 8, 164–172

AOAC (Association of Official Analytical Chemists), 1990. Official 
Methods of Analysis of the Association of Official Analytical 
Chemists. 15th Edition. Arlington, VA (USA)

Blanc A., 1993. Ultradian and circadian rhythmicity of behavioural 
activities in the young snail Helix aspersa maxima (Gas-
tropoda, Helicidae). Can. J. Zool. 71, 1506–1510, https://doi.
org/10.1139/z93-212

Bonnet J.C., Aupinel P., Vrillon J.L., 1990. The Helix aspersa snail. 
Biology-Breeding (in French: Ľescargot Helix aspersa: biolo-
gie-élevage). INRA Editions. Paris (France)

British Department of Health, 1994. Nutritional aspects of cardiovas-
cular disease. Report of the Cardiovascular Review Group 
Committee on Medical Aspects of Food Policy. Rep. Health 
Soc. Subj. (Lond.) 46, 1–186

Cisterna B., Flach F., Vecchio L., Barabino S.M.L., Battistelli S., 
Martin T.E., Malatesta M., Biggiogera M., 2008. Can a ge-
netically-modified organism-containing diet influence em-
bryo development? A preliminary study on pre-implantation 
mouse embryos. Eur. J. Histochem. 52, 263–267, https://doi.
org/10.4081/1226

Cheney S., 1988. Raising Snails. Special Reference Brief Series 
no. SRB 88-04.  National Agricultural Library. Beltsville, MD 
(USA), pp. 15



398  Effect of different diets on snail’s meat composition

De Grisse A., 1991. Automation of escargot fattening (in Dutch: Automa-
tisatie van de vesmesting van Escargots). Med. Fac. Land-
bouw. Rijksuniv. Gent (Belgium), 56/1

FAO (Food and Agriculture Organization of the United Nations), 1986a. 
Farming snails 1: learning about snails, building a pen, food and 
shelter plants. Better Farming Series no. 33. FAO. Rome (Italy), 
https://www.fao.org/3/bp069e/bp069e.pdf

FAO (Food and Agriculture Organization of the United Nations), 1986b. 
Farming snails 2: choosing snails, care and harvesting, further 
improvement. Better Farming Series no. 34. FAO. Rome (Italy), 
https://www.fao.org/3/bp070e/bp070e.pdf

FAO (Food and Agriculture Organization of the United Nations), 2021. 
FAOSTAT. http://www.fao.org/faostat/en/#home (access: Sep-
tember 2021)

Folch J., Lees M., Sloane Stanley G.H., 1957. A simple method for the 
isolation and purification of total lipides from animal tissues.  
J. Biol. Chem. 226, 497–509, https://doi.org/10.1016/S0021-
9258(18)64849-5

Gogas A., Hatzioannou M., Lazaridou M., 2003. Heliciculture of Helix 
aspersa Müller 1774 in Greece. In: Symposium Proceedings No. 
80. Slugs & Snails: Agricultural, Veterinary and Environmental 
Perspectives. Canterbury, Kent (UK). British Crop Protection 
Council. Alton, Hampshire (UK), pp. 95–98

Ghosh S., Jung C., Meyer-Rochow V.B., 2016. Snail farming: an Indian 
perspective of a potential tool for food security. Ann. Aquac. 
Res. 3, 1024, https://www.jscimedcentral.com/Aquaculture/
aquaculture-3-1024.pdf

Ghosh S., Jung C., Meyer-Rochow V.B., 2017. Snail as mini-livestock: 
Nutritional potential of farmed Pomacea canaliculata (Ampul-
lariidae). Agric. Nat. Res. 51, 504–511, https://doi.org/10.1016/j.
anres.2017.12.007

Iglesias J., Castillejo J., 1999. Field observations on feeding of the land 
snail Helix aspersa Muller. J. Moll. Stud. 65, 411–423, https://
doi.org/10.1093/mollus/65.4.411

ISO (International Standard Organization), 1994. ISO 3496:1994 Meat 
and meat products – Determination of hydroxyproline content

Janaszewska A., Bartosz G., 2002. Assay of total antioxidant capac-
ity: comparison of four methods as applied to human blood 
plasma. Scan. J. Clin. Lab. Invest. 62, 231–236, https://doi.
org/10.1080/003655102317475498 

Keles M.S., Taysi S., Sen N., Aksoy H., Akçay F., 2001. Effect of cor-
ticosteroid therapy on serum and CSF malondialdehyde and 
antioxidant proteins in multiple sclerosis. Can. J. Neur. Sci. 28, 
141–143, https://doi.org/10.1017/S0317167100052823

Kitabchi A.E., McDaniel K.A., Wan J.Y., Tylavsky F.A., Jacovino C.A., 
Sands C.W., Nyenwe E.A., Stentz F.B., 2013. Effects of high-
protein versus high-carbohydrate diets on markers of β-cell 
function, oxidative stress, lipid peroxidation, proinflammatory 
cytokines, and adipokines in obese, premenopausal women 
without diabetes: a randomized control trial. Diabetes Care 36, 
1919–1925, https://doi.org/10.2337/dc12-1912

Li Q., Patience J.F., 2017. Factors involved in the regulation of feed 
and energy intake of pigs. Anim. Feed Sci. Technol. 233,  
22–33, https://doi.org/10.1016/j.anifeedsci.2016.01.001

Malatesta M., Boraldi F., Annovi G., Baldelli B., Battistelli S., Biggiogera 
M., Quaglino D., 2008. A long-term study on female mice fed on 
a genetically modified soybean: effects on liver ageing. Histo-
chem. Cell Biol. 130, 967–977, https://doi.org/10.1007/s00418-
008-0476-x

Milinsk M.C., das Graças  Padre R., Hayashi C., de Souza N.E., 
Matsushita M., 2003. Influence of diets enriched with different 
vegetable oils on the fatty acid profiles of snail Helix aspersa 
maxima. Food Chem. 82, 553–558, https://doi.org/10.1016/
S0308-8146(03)00010-4    

Murphy B., 2001. Breeding and Growing Snails Commercially in Austra-
lia. A report for the Rural Industries Research and Development 
Corporation (RIRDC). Publication No. 00/188. RIRDC. Kings-
ton (Australia), https://www.agrifutures.com.au/wp-content/up-
loads/publications/00-188.pdf

Orellana C., Peña F., García A., Perea J., Martos J., Domenech V., Acero 
R., 2009. Carcass characteristics, fatty acid composition, and 
meat quality of Criollo, Argentino and Braford steers raised 
on forage in a semi-tropical region of Argentina. Meat Sci. 81, 
57–64, https://doi.org/10.1016/j.meatsci.2008.06.015

Patsoukis N., Zervoudakis G., Panagopoulos N.T., Georgiou C.D., An-
gelatou F., Matsokis N.A., 2004. Thiol redox state (TRS) and 
oxidative stress in the mouse hippocampus after pentylene-
tetrazol-induced epileptic seizure. Neurosci. Lett. 357, 83–86, 
https://doi.org/10.1016/j.neulet.2003.10.080

Ribas J., 1986. Snail Breeding – New Brazilian Economic Option (in 
Portuguese: Criação de Caracóis – Nova Opção Econômica 
Brasileira). Nobel. São Paulo (Brasil), p.123

Rajendran P., Nandakumar N., Rengarajan T., Palaniswami R., 
Gnanadhas E.N., Lakshminarasaiah U., Gopas J., Nishigaki I., 
2014. Antioxidants and human diseases. Clin. Chim. Acta 436, 
332–347, https://doi.org/10.1016/j.cca.2014.06.004

Reddy Y.N., Murthy S.V., Krishna D.R., Prabhakar M.C., 2004. Role of 
free radicals and antioxidants in tuberculosis patients. Indian J. 
Tub. 51, 213–218

Ribas J., 1986. Snail Breeding – New Brazilian Economic Option (in 
Portuguese: Criação de Caracóis – Nova Opção Econômica 
Brasileira). Nobel. São Paulo (Brasil), p.123, https://doi.
org/10.1093/mollus/65.4.411

Richardson A.M.M., 1975. Food, feeding rates and assimilation in the 
land snail Cepaea nemoralis L. Oecologia 19, 59–70, https://
doi.org/10.1007/BF00377590

Sekine T., Todo H., Yokote Y., Sugibayashi K., 2008. Skin permeation 
of soy derived peptides as cosmeceuticals. Soy Prot. Res. 11, 
127–131

Tokudome Y., Kage M., Hashimoto F., 2012. Influence of oral administra-
tion of soybean peptide on water content of the stratum corne-
um, transepidermal water loss and skin viscoelasticity. J. Nutr. 
Food Sci. 2, 137, https://doi.org/10.4172/2155-9600.1000137

Williams C.M., 2000. Dietary fatty acids and human health. Ann. Zootech. 
49, 165–180, https://doi.org/10.1051/animres:2000116

Zhang J., Fu X., Li W., Li H., Ying Z., Liu X., Yin L., 2020. Enhance-
ment of nutritional soy protein and peptide supplementation 
on skin repair in rats. J. Funct. Foods 75, 104231, https://doi.
org/10.1016/j.jff.2020.104231


