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Abstract: In mid Adriatic Sea the common sea snail is the habitual snail eaten, but over the years
fishermen started to capture also the long sea snail, a possible alternative for human consumption.
This study aims to compare the quality traits of the edible fraction in the common and long sea snails.
In this study, common and long sea snail samples were provided by fishermen in November 2018 and
March 2019. Total weight (meat and shell), fractions of meat and shell (after having extracted the edible
part), fatty acid, elements in meat, and calcium content in shells were determined. Meat quality traits
showed high nutritional value without significant differences between the two species. The fatty acid
profile showed n3/né ratio significantly different both considering the season of sampling (November:
4.1; March: 2.38) and the species of sea snail (common: 4.98; long: 2.86). The long species showed
a higher yield in the total body and calcium content concentrations. However, the long sea snail
showed 50% lower meat yield compared with the common sea snail. In conclusion, the long sea snail
can be used as an alternative to the common sea snail for human consumption.

Keywords: sea snails; quality traits; calcium shell; by-products; sustainable harbours

1. Introduction

Along the coasts of the mid-Italian Adriatic Sea of Emilia Romagna, Marche, Abruzzo and Molise,
the common sea snail (Nassarius mutabilis) is considered the most important target species among
marine snails and is particularly appreciated for traditional gastronomic dishes, known as “tiny snail”
(“bomboletto” or “chiocciolino” in Italian). Gastropods are considered a valuable source of precious
nutrients as protein and essential amino acids. On the Mediterranean coasts, cases of the marine snails
showed high rates of n-3 long-chain polyunsaturated fatty acids, essential in preventing disorders
and cardiovascular diseases [1]. Since the 1950s, the sea snail has been harvested by artisanal fishery
using trawls and common cuttlefish traps. Currently, it is carried out using a basket trap called
“nassino,” from the beginning of autumn to the end of spring. In relation to recent years, catch rates
have decreased and an increase in the minimum landing size has been proposed [2,3]. At the same
time, fishermen are recording an increase in the capture of another sea snail species, called the long sea
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snail or false sea snail (Hinia reticulata) that is considered to have no commercial value compared to the
common sea snail and is thus thrown back into the sea. Both gastropods species have a similar biology,
particularly living on the sandy-muddy bottoms [4].

An increase in the fishing efforts for the common sea snail (Nassarius mutabilis) and re-entry of the
long sea snail (Hinia reticulata) have contributed to modifying the population stock of marine snails
in different Adriatic districts [5]. Up to now, the gastronomic use of the long sea snail has not been
considered because meat fraction removing the shell is more difficult than with the common sea snail.
All the traditional plates are only based on the common sea snail [6]. Besides, the long one was less
abundant in captures until the last few years.

Since January 2019, a ban on discards (EC Reg. 1380/2013) [7] in professional fishing has come
into force and, therefore, the entire bulk of the capture operation, including non-target species, such as
the specimens of the false snail, Hinia reticulata, must be landed (EC Reg. 1380/2013) [8]. In this
situation, some fishing cooperatives have considered the possibility of employing the long sea snail
species as a resource in terms of meat for human consumption [9] and shell composition in calcium
content. Increasing interest in the fishery value chain and valorisation of seafood and fishery discards
has promoted research on related topics as well as sustainability and a circular economy [10,11].
In addition to fishermen, other stakeholders or actors operating along the coasts are increasingly
focusing on discussing the sustainable management of seafood by-products and discards. For example,
after the entrance in force of the Port State Measures [12], besides the adoption of new measures to
prevent illegal fishery, administrators of harbours are going to re-think the purpose of harbours in a
sustainable manner. In the last few years, new models of fishery ports as infrastructure are going to be
reconsidered from the environmental, economic, and social points of view [13]. At the international
level, fishery harbours are moving towards a “green approach” with reduction of emissions and energy
saving, and are equipped with areas dedicated to activities with a social role, such as education and
training or cultural spaces, as well as processing of fish by-products [14,15].

From the perspective of using the two (common and long) sea snail species for purposes different
to food for human consumption such as recycling by-products from the shells or meat, characterization
of their quality traits in terms of meat fraction and shell was considered in this paper. Moreover,
being gastropods classified as bioindicators in an aquatic environment [16], some elements were
determined in the soft tissue of both species. Therefore, the edible fraction of the most appreciated
common sea snail (Nassarius mutabilis) was evaluated in terms of proximate composition, fatty acid
profile, mineral content, and heavy metals in comparison with the same traits in meat of the long sea snail
(Hinia reticulata) species according to the catching sample. The recovery of value-added compounds,
such as calcium carbonate from the shell, was also investigated in both species. The possibility
of performing these processing activities in public re-designed infrastructures, such as in harbours
equipped for the recovery of seafood by-products, was also proposed.

2. Materials and Methods

2.1. Samples and Sampling Areas

Sea snail samples belonging to the common (N. mutabilis) and long (H. reticulata) species were
provided by fishermen catching within three miles from the seashore, along the coast of San Benedetto
del Tronto at two different catching times in the first decades of November 2018 and March 2019.
At each sampling, specimens of the two species of sea snail were transported on ice to the laboratory at
the University of Camerino and were submitted to determination of total weight (meat + shell) and
the fractions of meat and shell, after having extracted the edible part. All weight measurements were
made using an electronic scale (mod. CP224S Sartorius, Gottigen, Germany). The shell yield on the
total body weight was calculated (weight of shell in g/total weight of sea snail g x 100) in both groups.
The samples were kept frozen and were stored at —18 °C until analysis.
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2.2. Proximate Composition

The edible part was removed from 50 specimens/species/sampling time to determine the proximate
composition and fatty acid profile. Pools of each group were homogenised and subjected to proximate
analysis (moisture, protein, lipid, and ash content). The moisture percentage was determined in
duplicate following the procedure of the Association of Official Analytical Chemists (AOAC) [17].
Proteins were determined using the standard Kjeldahl copper catalyst method [17]. Ash was determined
using the AOAC procedure [17]. Total lipid content was measured using a modification of the
chloroform:methanol procedure described by Folch et al. [18].

2.3. Fatty Acid Profile Determination

After determining the total lipid content of the two species of sea snails, fatty acids were converted
to methyl esters following the method described by Christopherson and Glass [19]. Separation of
fatty acids methyl esters was carried out on an Agilent Technologies GC/MS (6890N)/ MSD (5973inert)
system (Agilent, Palo Alto, CA, USA) equipped with a db5 column (60 m x 0.25 mm) and calibrated.
The operating conditions of the gas chromatograph were as follows: oven temperature was kept at
170 °C for 15 min, increased to 190 °C at a rate of 1 °C/min, then increased to 220 °C at a rate of 5 °C/min,
and held at this temperature for 17 min. The temperature of the injector was 280 °C. Helium was
used as the carrier gas at a constant flow of 1.0 mL/min. The identification of individual fatty acids
was accomplished by comparing the observed retention times to fatty methyl esters of standard
mixtures (37 FAME Mix, Supelco) and NIST MASS SPECTRAL DATABASE (NIST MS SEARCH 2.3)
for mass spectrum.

2.4. Determination of Elements in Meat and Calcium Content in the Shell of the Two Sea Snail Species

In the two sea snail species, the concentration of essential (Se, Fe, Ca, Zn, Mg, K) and non-essential
elements (Cd, Cr, Pb) in the meat fraction of a pool of samples of the two species collected in the two
seasons was determined using an Agilent inductively coupled plasma with mass spectrometer (ICP-MS)
system Model 7800 (Agilent, Palo Alto, CA, USA). Calibration curves were set up for quantitative
determination using standard element solutions obtained by diluting the mother solution in HNO3 3%
+ HCl 0.05% with yttrium, scandium, terbium, and bismuth as internal standards.

For shell analyses, 50 g samples of shell fraction/species, as a pool of samples in November and
March, were subjected to grinding using a blender (Optimum mod. 9400 Vortex Blender) (Optimum,
Bayswater, VIC, Australia) and by sieving to obtain particles less than 1 mm in size. The powdered form
was then processed and the degree of CaCO3 was determined by treating the compound witha 1N
solution of hydrochloric acid; the excess acid was titrated with a 1 N solution of sodium hydroxide [20].

2.5. Statistical Analysis

Biometric parameters (total height, total weight, shell weight, meat weight) of the specimens
of the two species of collected sea snails were subjected to one-way analysis of variance (ANOVA)
using SPSS 25 (Version 25.0, Armonk, NY, USA) [21] and the means were considered significant at
p < 0.01. The results concerning proximate composition, fatty acid profile, were subjected to two-way
ANOVA considering the sea snail species (SP) and the season of sampling (SE) and their interaction
(SP x SE) as fixed effects. Due to sample organization, element contents were subjected to one-way
ANOVA considering only the snail species. In all categories of compounds, differences were considered
significant at p < 0.01 and the means were compared using the Student-Newman—Keuls (SNK) test.

3. Results

In Table 1 the mean values of shell height, total weight, shell weight and mean weight were
reported according to month of sampling and species. Considering the month of sampling, total
weight showed significant differences with higher values in March (2.53 g) respect to November (1.38 g)
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whereas the meat weight was similar between the two sampling periods. In relation to the species of
sea snails, the total weight showed higher values (3.86 g) in the long sea snail (H. reticulata) respect to
the common sea snail (2.84 g). The meat weight was notably higher in the common (1.38 g) respect to
the long sea snail (0.97 g). Consequently, the meat yield was double in the common compared to the
long one whereas the shell yield was heavier in the long sea snail.

Table 1. Mean values of shell height, total weight, shell weight and meat weight of the two species of
sea snails according to month of sampling (SE) and species (SP).

Month of Sampling (SE) Species (SP) Error
November March N. mutabilis  H. reticulata  MSE SE SP SE x SP
Shell height (mm) 255+0.3 29.8 £ 0.5 28.6 +0.4 302+0.6 1.350 2.19 0.282 n.s.

Total weight (g) 243+09B 345+0.6 A 284+06B 386+08A 0304 0.001 0.001 n.s.
Shell weight (g) 1.38 £ 0.8 B 253+09 A 146 £09B 289+09A 0.037 0.001 0.001 n.s.
Meat weight (g) 1.05+0.3 092 +0.4 138+ 03 A 097+0.2B 0.042 0.098 0.019 n.s.
Shell yield (%) 56.79+24B 7333+15A 5141+14B 7487+17A 0.02 0.001  0.001 n.s.
Meat yield (%) 4321+11A 2667+13B 4859+16A 2513+15B 0.04 0.001  0.004 n.s.

MSE = Mean standard error; A, B = p < 0.01; n.s. = not significant.

In Table 2 the proximate composition was reported showing contents of macronutrients very
similar without notable differences independently of the season of sampling and the species of sea
snail considered.

Table 2. Proximate composition (% as it is) of the two species of sea snails according to season of
sampling (SE) and species (SP).

Month of Sampling (SE) Species (SP) Error
November March N. mutabilis  H. reticulata  MSE SE SP SE x SP
Moisture 73.95+ 0.9 7372 £ 1.1 7373 £1.2 7265+ 14 0.205 0.33 0.62 n.s.
Protein 2113+ 14 2228 +1.3 2124 +1.2 2202+ 1.1 0.445 0.05 0.68 n.s.
Lipids 1.95+0.8 1.76 £ 0.7 1.79 £ 0.6 1.53 £0.9 0.877 14 0.16 n.s.
Ash 1.81+£04 1.83+0.3 1.71 £ 0.6 1.72 £ 0.8 0.007 0.07 0.06 n.s.

MSE = Mean standard error; n.s. = not significant.

With respect to fatty acids (Table 3), considering the season of sampling, the most important
category was represented by the saturated fatty acids (SFA), ranging between 45.22% and
46.24%, with palmitic acid (16:0) as the most representative fatty acid (26.29-29.08%), followed
by monounsaturated fatty acids (MUFA) (22.44-23.91%), with the 18:1 (10.72-12.45%) as the most
representative fatty acid. In these two categories, no significant difference was observed between the
sea snails, irrespective of SE and SP. The polyunsaturated fatty acids (PUFA) n6 showed significant
differences in arachidonic acid (ARA) with significantly differences between the sample of November
(3.90%) and that of March (6.86%) independent of the species. The PUFA n3 exhibited significant
differences in eicosapentaenoic acid (EPA) between the seasons, with the highest proportions in
November (14.13%) compared to March (12.04%). Consequently, the n3/n6 ratio was significantly
higher in November (4.1) compared to March (2.38).

Considering the fatty acid profile in relation to the sea snail species, independently by the season
of sampling, no differences were found between the SFA in the common (47.11%) and the long one
(46.43%). The two species show similar proportions of MUFA in the common (22.69%) and the long
snails (20.17%). By contrast, the species type had significant effect (0.0001) on the n-6 PUFA with the
highest percentage in the long species (8.13%) respect to the common (4.64%); these differences were
due to the ARA which reached the prevalence in the long sea snail (6.92%) respect to the common sea
snail (2.83%). The n-3 PUFA had the highest level in EPA with significantly higher percentages in the
common (13.86%) respect to the long (12.89%). The n3/n6 ratio was significantly higher in the common
(4.98) respect to the long sea snail (2.68).
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Table 3. Fatty acid profile (% total fatty acids) of the two species of sea snails according to season of
sampling (SE) and species (SP).

Month of Sampling (SE) Species (SP) Error
November March N.mutabilis  H. reticulata MSE SE SP SE x SP
SFA
14:0 6.98 7.52 6.90 6.84 0.7230 0.2140 0.4320 ns.
15:0 0.41 0.49 0.46 0.52 0.0734 0.0400 0.0120 ns.
16:0 29.08 26.29 29.14 27.72 0.9611  0.930  0.0400 ns.
17:0 1.22 1.08 1.33 1.62 0.3223 0.014 0.0140 ns.
18:0 8.20 9.49 8.98 9.45 0.5514 0.246  0.0820 ns.
20:0 0.34 0.35 0.30 0.28 0.1504 0.160  0.1000 ns.
Total SFA 46.24 45.22 47.11 46.43 0.243  0.147  0.0036 ns.
MUFA
14:1 0.20 0.22 0.02 0.28 014  0.022 0.0220 n.s.
16:1 7.90 7.81 6.93 7.04 0.87 0385 0.4950 ns.
17:1 1.23 1.19 1.48 1.04 014  0.013 0.0420 n.s.
18:1 10.72 12.45 11.75 9.24 170 0570 1.1600 n.s.
20:1 2.39 2.24 2.51 2.57 020 0121 0.1020 ns.
Total MUFA 22.44 2391 22.69 20.17 195 0137 0.0245 ns.
PUFA n6
18:2 n6 1.51 1.42 1.54 1.05 023 0199 0.1730 ns.
18:3 n6 0.25 0.25 0.27 0.16 0.18  0.047 0.0310 ns.
20:4 n6 ARA 3.90B 6.86 A 2.83B 6.92 A 1.04  0.001 0.0009 ns.
Total
PUEANG 5.66 B 8.53 A 4.64B 8.13 A 0.23  0.0001 0.0001 n.s.
PUFA n3
18:3n3 2.92 2.63 3.01 3.08 040  0.005 0.4050 ns.
20:5 n3 EPA 1413 A 12.04B 13.86 A 12.89B 1.02  0.0003 0.0005 ns.
22:5n3 DPA 0.99 0.87 0.81 0.86 0.10  0.0260 0.0260 ns.
22:6 n3 DHA 5.20 4.73 5.45 5.00 0.54  0.3850 0.1050 ns.
Total
PUEAR3 2324 A 20.27 B 23.13 21.83 0.78  0.0001 0.2382 ns.
Others 2.42 2.07 2.43 3.08 025 04782 04710 ns.
n3/n6 410 A 2.38B 498 A 2.68B 0.26 0.0001 0.0001 ns.

MSE = Mean Standard Error; A, B = p < 0.01; n.s. = not significant. Fatty acids are reported as numbers
of C atoms (14-22) and numbers of double bonds (1-6) presents in the molecular structure, while n3 and
n6 indicated the position of double bonds. SFA = Saturated Fatty Acids; MUFA = Monounsaturated
fatty acids; PUFA = Polyunsaturated Fatty Acids; ARA = Arachidonic Acid; EPA = Eicosapentaenoic acid;
DPA = Docosapentaenoic acid; DHA = Docosahexaenoic fatty acid.

In element concentration (Table 4), selenium content was at an average content of 24 ug/100 g in
N. mutabilis compared to 35 pg/100 g in H. reticulata. The mean concentrations of other elements were
similar in the common and long snails (mg/kg): Iron 3.1-4.4; calcium 32-33; zinc 1.7-1.5; magnesium
51-54; potassium 290-310. The other elements were in the ranges (ug/100 g), but significantly different
with the lowest concentrations in the common sea snail: lead 26-30; cadmium 31-42; chromium 26-36.

In the gastropod shells, analyses showed that calcium was present at 283 g/kg of the long sea snail,
whereas the common snail was at 265 g/kg. The purity of calcium carbonate was 96 + 0.5% in the long
snail and 91 + 0.5% in the common one.

Table 4. Element concentration determined in the meat of the two species of sea snails (mean value + std. dev.).

N. mutabilis H. reticulata
Selenium ug/100 g 24+7 35+6
Iron mg/100 g 31+2 44+3
Calcium mg/100 g 32+2 33+2
Zinc mg/100 g 1.7+£03 1.5+£05
Magnesium mg/100 g 51+4 54+6
Potassium mg/100 g 290 13 310 £ 17
Lead ug/100 g 26+2B 30+3A
Cadmium ug/100 g 31+5B 42+3A
Chromium ug/100 g 26+2B 36+5A

A,B=p<001.
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4. Discussion

In this study, the main qualitative traits of meat and the calcium shell content of the common
sea snail species (N. mutabilis) were compared with those of the long sea snail (H. reticulata) whose
population is increasing to the disadvantage of the most appreciated common species. To our knowledge,
this paper is one of a few that deals with the quality traits of meat and the shell characterization
of these gastropod species, captured in the Mediterranean Sea, which are mostly considered from
the microbiological viewpoint [22]. Therefore, data were also compared with gastropods of other
species and latitude distribution was investigated in a similar way to the current paper. The choice of
monitoring sea snail samples at two different times (November and March) aimed to assess the quality
and biometric attributes through the catching season. In the last few years, besides the revision of the
minimum landing size, shortening of the fishing season (from autumn to end winter) was one of the
measures proposed to safeguard the common sea snail population [23]. In our study, both in November
and March, all specimens of both gastropods showed the mean shell height to be higher than that
proposed as the revised minimum size (shell height 23-26 mm) [3]. Based on the results of the current
study, the obligation of landing, as contemplated by the aforementioned EC Regulation, can contribute
to balancing the stock population of the common species and, presumably, avoiding throwing of long
sea snails back into the sea could be enough to balance the dynamics of both gastropod populations.

Analysis of the two fractions (shell, meat) of the common and long marine snails showed that the
Common snail has a higher meat proportion compared to that of the Long species, which had a higher
shell part, representing about 2/3 of its total weight.

The results showed that both sea snail species are a good source of protein. Among sea snails,
Rapona venosa, collected from the Marmara Sea [24], showed high protein variation, ranging from
around 65% (on dry weight) to 12.53% (on wet weight), indicating that the common and long sea snails
are in a good ranking position.

With respect to the lipid content, both species exhibited low fat content in a very similar range. In the
turban shell, Turbo cornutus, a marine snail captured along the coasts of south east Asia Japan, Korea,
China, and the Philippines, lipids were determined separately in the foot and viscera and their sum
appeared to be slightly higher (2.2-4.5%) than that determined in the common and long sea snails [25].

Regarding fatty acids in the soft tissue, both sea snails showed a prevalence of SFA, with palmitic
acid as the most important fatty acid. This result was consistent with those in other species of
gastropods from Portuguese waters, such as Aplysia spp. [26], but the level was lower than that
reported in the hepatopancreas and meat of a Murex species (Heraplex trunculus) from the Tunisian
Mediterranean coasts, collected from the fish market in a single sampling [27]. In our study, the entire
edible fraction was examined in both sea snails; however, considering the mean values from those in
the Murex species, differences were observed in fatty acid categories MUFA and total PUFA (both n3
and no6 series) as being respectively lower and higher compared to those determined in the present
paper. The ARA content represented the highest difference between the common and long snail species
showing higher proportions in the long compared to the common one, independent of the season.
Although the samples considered in the present study were included only at the beginning and at the
end of the sampling seasons and not throughout the year, the variable “season” was not significant for
both gastropod species, except for ARA in the common snail where less yield was found in March.
These two gastropod species, similar to most marine gastropods, are considered carnivorous with a
degree of predatory activity that varies from actively seeking prey to grazing on sessile invertebrates to
scavenging [22-28]. This feeding behaviour can be affected by the substratum and may have affected
the fatty acid profile in terms of n-3 PUFA and the n3/n6 ratio in the common sea snail. Hinia reticulata
could thus have a more generalist food spectrum including detritus and bacteria that are responsible
for the higher level of ARA as determined in another gastropod (Turbo cornutus), collected during a
year at seasonal intervals [25]. In this species of sea snail, the authors suggested that the ARA level
is derived from bacteria as part of the diet, and that the low EPA level (0.48-6.12%) is probably not
necessary for the survival of this mollusc [29]. Other authors [30] found that gastropods from the
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Mediterranean Sea (Monodonta turbinata, Gibula cineraria, Littorina neritoides) contained high levels
of ARA but also of 18:3n-3. In the common and the long sea snails, PUFA n3, represented by EPA
with a low content of 18:3n3 and DHA, were higher in proportion to that reported in a deep-vent
gastropod (Ifremeria nautilei), defined as herbivorous, where the lack of docosaenoic acid (DHA) was
dispensable [31].

The content of various elements was examined to evaluate the benefits and risks of consuming
sea snails and to include them in seafood, which is an important source of high-quality proteins
and essential fatty acids without adverse health effects in the full respect of food security [32-34].
Regarding selenium, both species of sea snails were a good source of this micronutrient, with levels
comparable to those reported in fish from European aquaculture (0.02 mg/100 g and 0.06 mg/100 g fish
flesh) [35] and in Japanese fish (0.12 mg/kg and 0.77 mg/kg tissue) [36].

Considering that both species were from the same sampling area, where they occupy the same
trophic level, the higher concentration of non-essential elements such as lead, cadmium, and chromium,
although only slightly significant, which was exhibited in the long sea snail species, can be explained by a
species-specific accumulation mechanism as recognized in other aquatic organisms [37]. Different levels
of essential and non-essential elements have been documented and their bioaccumulation in seafood
tissues may have unwanted effects on human health. In the current paper, the sampled sea snails
showed mean values below the limits of quantification imposed by the European legislation [36].
Both gastropods showed mean values lower than those reported by N. mutabilis, collected from
the Adriatic Sea, for lead and cadmium as investigated in a previous study [38] although sampled
further north (north-western Adriatic Sea) compared to our sampling area. In this previous study,
toxic elements including lead and cadmium were investigated in edible echinoderms and molluscs,
and showed mean values around 0.09 mg/kg (Lead) and 0.11 mg/kg (Cadmium) in the common sea
snail. In our study, these elements along with zinc, iron, and magnesium were significantly lower than
those reported in other gastropods (Murex spp.), for which continuous monitoring of heavy metals
was recommended [39].

In relation to the calcium content in the shell, if the quality traits exhibited by the long marine
snail appeared similar to those of the common species, the higher quantity of the shell in terms of yeild
on the total body and calcium content, with a concentration similar to that reported in mussel shells
(>280 g/kg), suggest the possibility of using the long sea snail as an alternative in food consumption.
The common sea snail is requested for gastronomic uses, by contrast with the long sea snail that is
considered too gummy. Another study aimed to show eventual differences in the sensory attributes of
the soft tissue in these two species of sea snails, as performed for other molluscs that are appreciated
just in one gourmet version, as in case of the cupped oyster [40].

As part of discarded materials, shells of this gastropod species can be processed to recover precious
compounds such as calcium carbonate, to promote recycling of by-products. Recovery of the high
calcium concentration in shells from the long sea snail is in line with the valorisation of shells from
molluscs occurring in Galicia, where this practice has been promoted to employ valve mussels and
to avoid incineration [41]. In bivalves, shell calcium is used as a soil amendment to increase pH in
acidic soils [40-42]; recently, it has also been purposed as a sorbent of fluoride, a mineral associated
with industrial and agricultural pollution [43]. The calcium content of the long sea snail shell could
allow its inclusion in feed for aquatic species and poultry. In shrimp, growth performances were
found to be enhanced by supplementation with marine snail shells, as the calcium source, especially at
an inclusion level of 10% in the diet. In fact, calcium affects the moulting frequency in shrimps and
tends to be absorbed into these organisms during the pre-moult period [44]. In poultry, the potential
use of sea snail shells in the feeding of breeding hens could allow poultry farms to differentiate
their products, thus increasing the degree of competitiveness on the market of local supply chains,
which could benefit from feed supplemented with sustainable additives. In laying hens, calcium could
become a supplement with high added value in feed, especially starting from the 25th week (before
the deposition peak) when feed supplemented with sources of this element is necessary [45].
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Management of discards derived from fishing and processing of seafood products is of growing
interest at the international level [46]. Every year, the fishing industry and seafood processing sectors
generate wastes mainly represented by body fractions such as head, skin, fins, viscera, mollusc valves,
and crustacean exoskeletons, which are removed without any recovery attempts. Enhancement of
recovery for unwanted seafood parts would reduce wastes coming from the fish sector, responding to
ethical and environmental needs, but also to economic opportunities, linked with obtaining precious
compounds as shown in the circular economy. According to the EC Regulation (1774/2002), by-products
of fish processing plants destined for human and animal consumption are considered as Category 3
materials. A recent study [47] has quantified the amount of these waste quotas at over 60% of the
biomass, focusing on the fact that their inactivity poses serious disposal and pollution problems both
in developed and developing countries.

Preliminary information derived from this study suggests that in the Adriatic Sea, a “green-harbour”
could be equipped as a pilot plant for treating discards of seafood processing plants or from fisheries,
as the by-catch or non-target species that are obliged to be landed. This part of the harbour could have
rooms equipped to perform the separation of shells for fishery by-products, in a mixture submitted to
grinding, pressing to obtain a cake, followed by packaging and storage. The fishermen, organized in a
sort of consortium could collect the long sea snails caught in the period in which fishing is allowed.
This action could transform gastropods such as sea snails into a resource for the fishermen, penalized
by the scarcity of fishery for most target species represented by the common sea snail species.

5. Conclusions

The proximate composition, fatty acid profile, and elemental content in the soft tissue of two
marine snail species were investigated along with the calcium content in their shells. Both species of
gastropods were found to be a good source of nutrients and calcium concentration. Shell composition
indicated that the long sea snail can be processed to recover calcium content thus reducing waste
by “closing the loop” of production in perfect agreement with the circular economy approach [10].
Operators specialized in fishing for sea snails could thus find the capture of long sea snail species as an
additional economic resource by processing their shells and extracting the calcium content, indicating
an interesting opportunity for commercial development.

Author Contributions: Conceptualization, A.F.,, A.R., G.D.; Methodology, A.F,, AR.,, GEM,; Software, AR,
Formal Analysis, A.F, AR., N.B.,, GEM,; Investigation, A.F, AR, GEM.,, N.B, NI, Resources, A.F;
Writing—Original Draft Preparation, A.F.,, A.R.,, E.E; Writing—Review and Editing, AR, N.B., N.I, GEM., G.D.;
Supervision, A.R., N.B., N.I; Project Administration, G.D., A.R.; Funding Acquisition, G.D., A.R. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was partially funded by Be.Ci.Se. (Between the City and the Sea)—UNICAM FAR Project
2018, University of Camerino, grant number 8.

Acknowledgments: We are very grateful to the fishermen of San Benedetto del Tronto for their precious
collaboration in collecting sea snails” samples.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study, in the collection, analyses, or interpretation of data, the writing of the manuscript, or in the decision to
publish the results.

References

1.  Zarai, Z.; Frikha, F; Balti, R.; Miled, N.; Gargouri, Y.; Mejdoub, H. Nutrient Composition of the Marine
Snail (Hexaplex trunculus) from the Tunisian Mediterranean Coasts. J. Sci. Food Agric. 2011, 9, 1265-1270.
[CrossRef] [PubMed]

2. Balducci, G.M.; Omiccioli, H.; Giannattasio, S.; Minelli, D.; Collevecchio, V.; Vallisneri, M.; Sabelli, B. Studio sulla
Biologia e Distribuzione di Nassarius mutabilis (1, 1758) (Gastropoda Prosobranchia) nel Compartimento Marittimo
di Pesaro per una Corretta Gestione della Risorsa. Biol. Mar. Medit. 2006, 13, 156-157.

3.  Grati, F; Polidori, P.; Scarcella, G.; Fabi, G. Estimation of Basket Trap Selectivity for Changeable Nassa
(Nassarius mutabilis) in the Adriatic Sea. Fisher. Res. 2010, 101, 100-107. [CrossRef]


http://dx.doi.org/10.1002/jsfa.4309
http://www.ncbi.nlm.nih.gov/pubmed/21328367
http://dx.doi.org/10.1016/j.fishres.2009.09.012

Foods 2020, 9, 905 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

Fisher, W.; Bauchot, M.L.; Schneider, M. Fiches FAO d’Identification des Especes pour le Besoins de la Péche.
In Méditerranée et Mer Noire. Zone de péche 37; FAO: Rome, Italy, 1987; Volume 1, p. 760.

Felici, A.; Ciarrocchi, G. Il Piceno: La Terra degli Infiniti Sapori; Edizioni Unicam: Camerino, Italy, 2015;
pp. 1-60, ISBN 9788867680191. (In Italian)

Fabi, G.; Grati, F.; De Mauro, M.; Polidori, P. Distribuzione Spaziale e Densita di Nassarius mutabilis (L.) e
Nassarius reticularis (L.) nel Compartimento Marittimo di Ancona. Biol. Mar. Mediterr. 2006, 13, 240-241.
European Commission. Commission Regulation (EU) No 1380/2013 of the European Parliament and of the
Council of 11 December 2013 on the Common Fisheries Policy. Off. ]. Eur. Union 2013, 354, 22-61.

Fiori, F. Studi per la Valorizzazione del Lumachino Lungo (Hinia reticulata); Coop. Mare: Rimini, Italy, 2008. (In Italian)
Hilborn, R.; Fulton, E.A.; Green, B.S.; Hartmann, K.; Tracey, S.R.; Watson, R.A. When Is a Fishery Sustainable?
Can. J. Fish. Aquat. Sci. 2015, 72, 1433-1441.

Jurgilevich, A.; Birge, T.; Kentala-Lehtonen, J.; Korhonen-Kurki, K.; Pietikainen, J.; Saikku, L.; Schosler, H.
Transition towards Circular Economy in the Food System. Sustainability 2016, 8, 69. [CrossRef]

European Commission. Commission Regulation (EU) 2017/893 of 24 May 2017 amending Annexes I and IV
to Regulation (EC) No 999/2001 of the European Parliament and of the Council and Annexes X, XIV and XV
to Commission Regulation (EU) No 142/2011 as regards the provisions on processed animal protein. Off. J.
Eur. Union 2017, 138, 92-116.

Food and Agriculture Oranization. The State of World Fisheries and Aquaculture. Contributing to Food Security
and Nutrition for All; FAO: Rome, Italy, 2016; p. 200.

Food and Agriculture Organization. The State of World Fisheries and Aquaculture. Meeting the Sustainable
Development Goals; FAO: Rome, Italy, 2018.

Kienker, S.E.; Colemana, R.A.; Morris, R.L.; Steinberg, P.; Bollarde, B.; Jarvise, R.; Alexander, K.A;
Strainb, E.M.A. Bringing Harbours Alive: Assessing the Importance of Eco-Engineered Coastal Infrastructure
for Different Stakeholders and Cities. Mar. Policy 2018, 94, 238-246. [CrossRef]

Chen, C.-L.; Chuanga, Y.-C.; Lee, T.-C.; Liu, C.-H.; Yang, C.-L. Not Out of Sight but Out of Mind: Developing
a Multi-Criteria Evaluation Structure for Green Fishery Harbors. Mar. Policy 2019, 100, 324-331. [CrossRef]
Phillips, D.J.H. Use of macroalgae and invertebrates as monitors of metal levels in estuaries and coastal
waters. In Heavy Metals in the Marine Environment; Furness, RW., Rainbow, P.S., Eds.; CRC Press: Boca Raton,
FL, USA, 1990.

AOAC. Official Methods of Analysis, 15th ed.; Association of Official Analytical Chemists: Washington, DC,
USA, 1990; Volume 2.

Folch, J.; Lees, M.; Sloane Stanley, G.H. A Simple Method for the Isolation and Purification of Total Lipids
from Animal Tissues. J. Biol. Chem. 1957, 60, 497-509.

Christopherson, S.W.; Glass, R.L. Preparation of Milk Methyl Esters by Alcoholysis in an Essentially
Non-Alcoholic Solution. J. Dairy Sci. 1969, 52, 1289-1290. [CrossRef]

Yoon, H.; Park, S; Lee, K.; Park, ]. Oyster Shell as Substitute for Aggregate in Mortar. Manag. Res. 2004, 22,
158-170. [CrossRef]

IBM Corp. Released. IBM SPSS Statistics for Windows, Version 25.0; IBM Corp: Armonk, NY, USA, 2017.
Serratore, P.; Zavatta, E.; Bignami, G.; Lorito, L. Preliminary Investigation on the Microbiological Quality of
Edible Marine Gastropods of the Adriatic Sea Italy. Ifal. ]. Food Saf. 2019, 8, 7691. [CrossRef]

Polidori, P; Grati, F.; Bolognini, L.; Domenichetti, F.; Scarcella, G.; Fabi, G. Towards a Better Management of
Nassarius mutabilis (Linnaeus, 1758). Biom. Biol. Integr. Study Acta Adriat. 2015, 56, 233-244.

Celik, M.Y,; Ttirk Culha, S.; Culha, M.; Yildiz, H.; Acarli, S.; Celik, I.; Celik, P. Comparative Study on Biochemical
Composition of Some Edible Marine Molluscs at Canakkale Coasts Turkey. J. Mar. Sci. 2014, 4, 601-606.

Saito, H.; Aono, H. Characteristics of Lipid and Fatty Acid of Marine Gastropod Turbo cornutus: High Levels
of Arachidonic and n-3 docosapentaenoic acid. Food Chem. 2014, 145, 135-144. [CrossRef]

Pereira, D.M.; Valentao, P.; Teixeira, N.; Andrade, P.B. Amino Acids Fatty Acids and Sterols Profile of Some
Marine Organisms from Portuguese Waters. Food Chem. 2013, 141, 2412-2417. [CrossRef]

Modica, M.V,; Holford, M. The Neogastropoda: Evolutionary Innovations of Predatory Marine Snails with
Remarkable Pharmacological Potential. In Evolutionary Biology Concepts, Molecular and Morphological Evolution;
Springer: Berlin/Heidelbrg, Germany, 2010; pp. 249-270. [CrossRef]

Sajjadi, E.A. Determination of Fatty Acid Compositions as Biomarkers in the Diet of Turbo coronatus in
Chabahar Bay. J. Persian Gulf Mar. Sci. 2011, 2, 35-42.


http://dx.doi.org/10.3390/su8010069
http://dx.doi.org/10.1016/j.marpol.2018.04.028
http://dx.doi.org/10.1016/j.marpol.2018.12.007
http://dx.doi.org/10.3168/jds.S0022-0302(69)86739-1
http://dx.doi.org/10.1177/0734242X04042456
http://dx.doi.org/10.4081/ijfs.2019.7691
http://dx.doi.org/10.1016/j.foodchem.2013.08.011
http://dx.doi.org/10.1016/j.foodchem.2013.04.120
http://dx.doi.org/10.1007/978-3-642-12340-5_15

Foods 2020, 9, 905 10 of 10

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Go, ].V;; R'ezanka, R.; Srebnik, M.; Dembitsky, V.M. Variability of Fatty Acid Components of Marine and
Freshwater Gastropod Species from the Littoral Zone of the Red Sea, Mediterranean Sea, and Sea of Galilee.
Biochem. Syst. Ecol. 2002, 30, 819-835. [CrossRef]

Saito, H.; Hashimoto, J. Characteristic of the Fatty Acid Composition of the Deep—Sea Vent Gastropod
Ifremeria nautilei. Lipids 2010, 45, 537-548. [CrossRef] [PubMed]

Miniero, R.; Abate, V.; Brambilla, G.; Davoli, E.; De Felip, E.; De Filippis, S.P,; Dellatte, E.; De Luca, S.;
Fanelli, R.; Fattore, E.; et al. Persistent Toxic Substances in Mediterranean Aquatic Species. Sci. Total Environ.
2014, 494, 18-27. [CrossRef] [PubMed]

Silva, C.O.; Simdes, T.; Novais, S.C.; Pimparel, I.; Granada, L.; Soares, A.M.V.M.; Barata, C.; Lemos, M.E.L. Fatty
Acid profile of the Sea Snail Gibbula umbilicalis as a Biomarker for Coastal Metal Pollution. Sci. Total Environ.
2017, 586, 542-550. [CrossRef] [PubMed]

Bilanzcic, N.; Sedaka, M.; Calopeka, B.; Doki¢a, M.; Vareninaa, I.; Kolanovi¢, B.S.; Luburi¢, D.B.; Varga, I;
Miroslav, B.; Roncarati, A. Element Contents in Commercial Fish Species from the Croatian Market. J. Food
Compos. Anal. 2018, 71, 77-86. [CrossRef]

European Aquaculture Society. Towards Sustainable Aquaculture in Europe. CONSENSUS. A Multi-Stakeholder
Platform for Sustainable Aquaculture; European Aquaculture Society: Oostende, Belgium, 2012; p. 12.
Yamashita, Y.; Yamashita, M.; Haruka, I. Selenium Content in Seafood in Japan. Nutrients 2013, 5, 388-395.
[CrossRef] [PubMed]

Tamiceli, A.L.; Ubaldi, A.; Lucchetti, D.; Brambilla, G.; Abate, V.; De Felip, E.; De Filippis, S.P; Dellatte, E.;
De Luca, S.; Ferri, E; et al. Metals in Mediterranean aquatic species. Mar. Poll. Bull. 2015, 94, 278-283.
[CrossRef] [PubMed]

Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on Waste and Repealing
Certain Directives (Text with EEA relevance). Available online: http://data.europa.eu/eli/dir/2008/98/0j (accessed
on 30 January 2020).

Bille, L.; Binato, G.; Cappa, V.; Toson, M.; Dalla, PM.; Arcangeli, G.; Ricci, A.; Angeletti, R.; Piro, R.
Lead Mercury and Cdmium Levels in Edible Marine Molluscs and Echinoderms from the Veneto Region
(North-Western Adriatic Sea e Italy). Food Control 2015, 50, 362-370. [CrossRef]

Ragi, A.S.; Leena, P.P; Eldhose, C.; Nair, S.M. Heavy Metal Concentrations in Some Gastropods and Bivalves
Collected from the Fishing Zone of South India. Mar. Pollut. Bull. 2017, 118, 452-458. [CrossRef]

Felici, A.; Vittori, S.; Meligrana, M.C.T.; Roncarati, A. Quality Traits of Raw and Cooked Cupped Oysters.
Eur. Food Res. Technol. 2019, 246, 349-353. [CrossRef]

Iribarren, D.; Moreira, M.T.; Feijoo, G. Implementing by-Product Management into the Life Cycle Assessment
of the Mussel Sector. Conserv. Recycl. 2010, 54, 1219-1230. [CrossRef]

Barros, M.C.; Bello, PM.; Bao, M.; Torrado, J.J. From Waste to Commodity: Transforming Shells into High
Purity Calcium Carbonate. J. Clean. Prod. 2009, 17, 400-407. [CrossRef]

Quintans-Fondo, A.; Ferreira-Coelho, G.; Paradelo-Nunez, R.; Novoa-Munoz, J.C.; Arias-Estevez, M.;
Fernandez-Sanjurjo, M.J.; Alvarez-Rodriguez, E.; Ntunez-Delgado, A. Promoting Sustainability in the Mussel
Industry: Mussel Shell Recycling to Fight Fluoride Pollution. J. Clean. Prod. 2016, 131, 485-490. [CrossRef]
Moss, A.S.; Ishikawa, M.; Koshio, S.; Yokoyama, S.; Dawood, M.A.O. Effects of Different Levels of Marine
Snail Shells in the Diets of Juvenile Kuruma Shrimps Marsupenaeus japonicus as a Source of Calcium. N. Am.
J. Aquac. 2019, 81, 55-66. [CrossRef]

Schiavone, A.; Guo, K.; Gasco, L.; Hernandez, E.; Denti, R.; Zoccarato, 1. Effects of a Natural Extract of
Chestnut Wood on Digestibility, Performance Traits, and Nitrogen Balance of Boiler Chicks. Poult. Sci. 2008,
87,521-527. [CrossRef]

Gasco, L.; Acuti, G.; Bani, P; Dalle Zotte, A.; Danieli, PP; De Angelis, A.; Fortina, R.; Marino, R.; Parisi, G.;
Piccolo, G.; et al. Insect and Fish by-Products as Sustainable Alternatives to Conventional Animal Proteins in
Animal Nutrition. Ital. . Anim. Sci. 2020, 19, 360-372. [CrossRef]

Halim, N.R.A.; Yusof, H.M.; Sarbon, N.M. Functional and bioactive properties of fish protein hydolysates
and peptides: A comprehensive review. Trends Food Sci. Technol. 2018, 51, 24-33. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0305-1978(02)00026-1
http://dx.doi.org/10.1007/s11745-010-3436-x
http://www.ncbi.nlm.nih.gov/pubmed/20549377
http://dx.doi.org/10.1016/j.scitotenv.2014.05.131
http://www.ncbi.nlm.nih.gov/pubmed/25020099
http://dx.doi.org/10.1016/j.scitotenv.2017.02.015
http://www.ncbi.nlm.nih.gov/pubmed/28202240
http://dx.doi.org/10.1016/j.jfca.2018.02.014
http://dx.doi.org/10.3390/nu5020388
http://www.ncbi.nlm.nih.gov/pubmed/23434904
http://dx.doi.org/10.1016/j.marpolbul.2015.02.034
http://www.ncbi.nlm.nih.gov/pubmed/25796543
http://data.europa.eu/eli/dir/2008/98/oj
http://dx.doi.org/10.1016/j.foodcont.2014.09.018
http://dx.doi.org/10.1016/j.marpolbul.2017.03.029
http://dx.doi.org/10.1007/s00217-019-03348-3
http://dx.doi.org/10.1016/j.resconrec.2010.03.017
http://dx.doi.org/10.1016/j.jclepro.2008.08.013
http://dx.doi.org/10.1016/j.jclepro.2016.04.154
http://dx.doi.org/10.1002/naaq.10066
http://dx.doi.org/10.3382/ps.2007-00113
http://dx.doi.org/10.1080/1828051X.2020.1743209
http://dx.doi.org/10.1016/j.tifs.2016.02.007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Samples and Sampling Areas 
	Proximate Composition 
	Fatty Acid Profile Determination 
	Determination of Elements in Meat and Calcium Content in the Shell of the Two Sea Snail Species 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

