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Abstract: In the last years, the environmental impacts of cosmetics production have received growing
interest from consumers, industries and the scientific community. Therefore, the selection and
evaluation of more sustainable ingredients for cosmetic preparations need greater attention. The
purpose of this work was to evaluate the environmental impact of snail secretion filtrate (LX360® ),
which could be used as an alternative cosmetic ingredient. The Carbon Footprint (CF) was used
to quantify the kgCO2 eq per liter of the LX360® produced in a rearing system farm that follows
circularity economy and regenerative agriculture principles. The study computes the soil organic
carbon (SOC) stock change due to the implementation of regenerative agricultural practices. The CF
of the production system was up to 1.76 kg CO2 eq L−1 , where the extraction stage contributed most.
Findings on SOC stock showed a significant increase compared to the previous land-use. The net
sequestered CO2 into the soil amounts to 2.07 kg CO2 eq L−1 ; therefore, the production of LX360®
showed a positive carbon balance (0.31 kg CO2 eq L−1 ). The application of regenerative agriculture
in snail rearing systems positively affects SOC sequestration, and it should be considered as a best
management practice for the restoration of degraded land.
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1. Introduction
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In recent years, heliciculture (snail farming) has spread in several European countries.
It has proven to be a profitable market activity, both for the production of food and for
cosmetics (Forte et al., 2016) [1]. European countries are the largest consumers, and the
global snail meat market is progressively increasing. Spain is the country with the highest
consumption (16.5 × 103 tons), followed by Morocco (6 × 103 tons), France (5.3 × 103 tons)
and Italy (2.1 × 103 tons) [2]. A notable benefit of snail farming is that snails require lower
inputs to grow and produce the same amount of protein-rich meat compared to cows, pigs,
and poultry, and therefore particular attention has been paid to snail farming in recent
years since it could be an alternative protein source with a lower environmental impact.
Forte et. [1] evaluated the greenhouse gas emissions (GHG) of snail meat production,
considering the whole life cycle from indoor breeding and outdoor fattening up to the
packaging stage in a semi-intensive rearing system. The authors estimated that the carbon
footprint of snail meat is 0.7 kg CO2 per 1 kg of edible meat, while for 1 kg of beef, values
range from 14 to 51 kg CO2 per 1 kg in relation to the production system [3,4]. Although
these values are lower than other protein production [1,5], the impact of snail farming
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could become relevant considering the rapid spread of snail farming. In Italy, there are
approximately 7000 snail farms, covering a surface of 5.200 ha [1], of which 83% are
characterised by an extensive rearing system. The success of snail farming is due to low
capital investment, and it is considered a new opportunity for rural development and as an
alternative profitable livestock system [6,7].
Studies on the life cycle assessment of snail rearing and consequent carbon footprint
analysis showed that the highest impact on GHG emission occurs in the breeding and
fattening stage. In their life cycle assessment analysis, Forte et al. [1] showed that colza
and sunflower fertilization is the primary source of CO2 emission in snail meat production.
Therefore, new climate-smart mitigation strategies for the most impactful cultivation stages
are needed. The application of best management practices and the reduction of external
input could be helpful to reduce the impact on climate change, increasing the soil organic
carbon (SOC) stock sequestration. In a carbon budget analysis under different management
scenarios, Novara et al. [8] showed that applying cover crop management in semiarid
vineyards does not only reduce erosion but also increases soil organic matter, reducing
the carbon footprint (CF) of wine growing. Among alternative agronomic management to
conventional and intensive farming systems, regenerative agriculture could contribute to
mitigating climate change. Regenerative farming systems [9] aim to increase soil chemical
and biological fertility through abandoning tillage, eliminating spatio-temporal events of
bare soil, increasing plant diversity, integrating livestock and cropping land uses, and not
using agrochemicals [10]. The application of regenerative agriculture practices has shown
several benefits to restoring soil fertility and crop efficiency in cultivated drylands [11,12].
According to the result of recent meta-analyses, regenerative agriculture practice has proven
to be beneficial for climate mitigation in the most widespread rainfed woody crops, such as
vineyards, olives, and orchards [13,14]; however, very few studies have yet been performed
on agroforestry systems. Heliciculture is expanding not only for human food but also
for the production of medicines and cosmetics. The global snail beauty products market
accounted for US $3.7 billion in 2019 and is estimated to be US $12.0 billion by 2029 [15].
Snail secretion is an active natural substance used in cosmetic creams and syrups thanks to
its emollient, reparative, protective, and moisturizing features [16,17]. Moreover, recent
studies have demonstrated that snail secretion also has anti-tumoral characteristics against
human melanoma cells and broncho-relaxant effects [18,19].
In light of the increase in interest in snail secretion, especially in cosmetics, as an
environmentally friendly raw material, there is a need to evaluate the impact of the rearing system on the environment and to develop alternative management strategies for
sustainable production.
The purpose of this research was to quantify the amount of GHGs emitted and/or
removed (carbon sequestration) during snail secretion filtrate production for cosmetic uses
in a Mediterranean farm where regenerative agriculture is applied.
2. Materials and Methods
The authors of the present study performed a carbon footprint (CF) analysis in a
Mediterranean snail farming system (Helix aspersa muller) operating under a regenerative
agriculture system. The CF analysis was used to measure the total amount of GHGs
emitted and removed, along with a supply chain of products within the selected spatial and
temporal boundary. The studied farm produces LX360® , which is a snail secretion filtrate
for cosmetic, pharmaceutical, and phytosanitary uses. The GHG emission was quantified,
along with the LX360® production and soil organic carbon (SOC) stock change following
regenerative agriculture. Moreover, the most impactful practices and inputs were identified
in order to improve the environmental impact of LX360® production.
2.1. Study Area and Snail Farm Description
The study was performed in the Bianca Experience Farm located in Marsala, Sicily
(37◦ 460 N 12◦ 270 E) in 2021. The area is characterised by a Mediterranean climate with a
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mean annual temperature of 18 ◦ C and a mean annual rainfall of 554 mm. Soils are 40%
sand and 18% clay and are classified as Lithosols according to the word reference base [20].
The soil pH is 8.2, and the CaCO3 content is 39%.
For five years (from 2016 to 2021), the farm has followed the principles of circularity
economy and regenerative agriculture to reduce external input and improve soil fertility,
biodiversity, and the efficiency of natural resources. The farm covers 4 ha on flat land; most
of this area is dedicated to snail feed production, and one third of the total area is dedicated
to free-range pens for the snails. The soil under free-range pens is permanently covered
with Medicago sativa and Trifolium repens, and after every four years, free-range pens will
be moved to another farm area. The cover crop was seeded (45 kg of seeds ha−1 ) after a
surface soil tillage (15 cm soil depth) with a rotatory harrowing in September.
Snails are fed with a mix of Brassicaceae species, Beta vulgaris, Cucurbita maxima, and
Vicia faba, Helianthus annus. Each year, 13 t of shredded biomass is supplied to sails. These
species are cultivated in the fields near the area of the free-range pens, following organic
and regenerative agricultural practices. In total 50 kg of different seeds are used each year.
Minimum tillage is adopted, and roots and plant residues are not removed from the soil.
The soil is irrigated by a nozzle spray system only during the drought periods from June to
September. During the analyzed period, only three irrigations were applied. Dry organic
fertilizer (200 kg each year) was manually distributed.
The snail density in the free-range pens is 0.27 kg m−2 at the beginning of rearing
period and reaches 0.55 kg m−2 after 12 months. Snails that have reached sexual maturity
are manually harvested. Before the snail filtrate extraction, snails are hyper-hydrated
to guarantee the well-being and quality of the LX360® as raw material. Then snails are
weighed and washed with an Ozone sanitation system. Finally, after multiple processes
of filtration, LX360® is packed and stored in 10 L high density polyethylene (HDPE)
food containers.
2.2. GHG Inventory
This study has estimated the CF according to the recent ISO guidelines based on
standard LCA procedures (ISO/TS 14067:2013; ISO 14026:2017; ISO 14067:2018). The CF
was expressed as CO2 equivalent, and the conversion factors for CH4 and N2 O were used
according to the IPCC [21]. This study accounted for a cradle-to-farm gate CF of 1 L of snail
secretion filtrate.
Three stages were identified in the production process: (i) feed production, (ii) rearing
management, and (iii) harvest and snail secretion extraction. This analysis did not take
into consideration the impact of the distribution or further packaging stages for small
quantities. The input and stages are represented in Figure 1. The external input and the
energy (fuel, electricity) are referred to as one year of production. The emission of material
inputs characterised by more extended durability was accurately divided considering the
service lifetime. Life Cycle Inventory (LCI) data for materials and products were selected
from Ecoinvent Version 2.2. [22].
Although it consumes resources and emits CO2 in the atmosphere, the effect of human
labor on climate change was not included in the LCA and CF analysis.
Emission due to fuel consumption used for the soil management practices (walking
tractor and grass cutter) was estimated using the fuel quantity method of the IWCC [23].
The model of Bouwman et al. [24] was used to estimate the NOx emissions resulting
from the use of organic nitrogen fertilizer. Soil physical and chemical properties and climate
factors were used to determine the soil’s NOx emission.
2.3. Soil Carbon Account
The soil organic carbon (SOC) change in the soils of the studied snail farm was included
in the carbon accounting. After five years since the land-use change (from conventional
vineyard to snail farm with regenerative agriculture), the effect on SOC stock change was
compared. Three soil samples were collected in the area of the free-range pen in March, in
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the area dedicated to feed production and in the soil of a neighboring vineyard at 0–30 cm
depth (3 land uses × 3 replicas = 9 samples). Soil samples were air-dried and 2 mm sieved.
Soil bulk density was measured using the core method.

Figure 1. The flowchart of the system boundary of snail secretion filtrate production from cradle-tofarm gate.

Soil organic carbon (g kg−1 ) was measured according to the Walkley and Black
method [25]. SOC data of the selected farm were compared with the SOC content of
the neighboring vineyard soil and with a previous soil analysis provided by the farm
owner. Soil organic carbon stock was calculated using the measured bulk density, and it
was converted to the amount of CO2 sequestered. Soil CO2 emission due to mineralization
was calculated using the first-order kinetics model developed by Hénin and Dupuis [26].
For the biomass input into the soil, the specific isohumic coefficients (K1 ) according to
Boiffin et al. [27] and Novara et al. [8] were used. The mineralization coefficient (K2 ) was
calculated according to Boiffin et al. [27] and Bockstaller and Girardin [28], considering soil
texture, air temperature, and limestone content.
Tukey’s test for SOC content was performed among soil land use at p ≤ 0.05 [29].
3. Results and Discussion
3.1. Carbon Footprint Analysis
The total GHG emission of the snail secretion filtrate (1 L estimated in this case study
amounted to 1.76 kg CO2 eq L−1 . As shown in Figure 2, the snail secretion extraction was
the main impacting stage accounting for 1.42 kg CO2 eq L−1 .
This is mainly due to electricity consumption and only to a small extent to used
nets and tanks in high-density polyethene material. Snail feed production and rearing
management were the lower contributors, with 12% and 7% of incidence on the total
emission, respectively. This result contrasted with those observed by Forte et al. [1] and
Grossi et al. [30], where the supplementary feeding of snails was the hot spot of the life cycle
due to the use of out-farm compost used as organic fertilizer for colza and sunflower yield.
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Figure 2. Contribution (%) of different stages to the total emission (a) and the absolute values of
CO2 eq L−1 of LX360® for different items in snail fed production (b), rearing management (c) and
snail secretion extraction (d).

In the case study, following the principle of regenerative agriculture, the external
inputs (fertilizer, pesticides, seeds) for feed production were negligible. All feeds are
cultivated on the farm, and residues return to the soil. Moreover, there is no impact on the
transport of supplementary feed. The total emission of the snail feed production stage is
0.21 kg CO2 eq L−1 . Fuel consumption is the main contributor to the total emissions of this
stage, although minimum soil tillage is adopted (Figure 2).
The CO2 emission for the rearing management stage accounted for only 0.13 kg
CO2 eq L−1 (sum of emission for materials, seed and fuel). In this stage, the emissions are
attributed mainly to materials (plastic and wood) for the nets and poles of the pens. The
second factor of emission is fuel consumption that is used for grass cutting (5 times each
year) and the trituration of fed. Details of the emission of each item are shown in Figure 2.
3.2. Carbon Sequestration
The study also considered the effect of soil management and land-use change on the
total carbon budget in the CF analysis. After five years since the land-use change, the SOC
stock significantly increased in the feed production area and free-range pens. The SOC
content was 14.5 ± 0.8 g kg−1 in the neighbour vineyard (Figure 3).
According to the paired site approach [31], this value can be considered at the steadystate level (constant over time), being soil vineyard management in terms of carbon input,
yield, and tillage operations has been constant in recent years. It is also confirmed by the
similar values found in a soil analysis carried out by the owner of the selected farm five years
ago before the vineyard explanting. The land use-change led to a 60% and 15% increase
of SOC content in free-range pens and feed production areas, respectively, compared to
the vineyard soil. Considering a soil depth of 0.20 m and the farm area, 0.54 Mg C y−1
were incorporated into the soil in the feed production area and 1.74 Mg C y−1 in the freerange pens.
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Figure 3. Soil organic carbon content (g kg−1 ) under vineyard, free-range pens and feed production
area. Wiskers indicate standard deviation (n = 5). Different letters indicate statistical significance
among land uses (p ≤ 0.05).

The highest SOC sequestration of the area of the free-range pens can be attributed to
the high C input under permanent cover crop, as well as to zero tillage and the increase of
the stabilization rate of soil organic matter due to snail excrements. The estimated soil CO2
emission due to organic matter mineralization was 0.32 and 0.34 Mg C y−1 for the whole
area of feed production and free-range pens, respectively.
Being the farm area covered by annual crops, the organic carbon stock in the biomass
of cover crop and horticulture species was not considered in the C budget. In this study, the
carbon incorporated in the shells in the form of calcium carbonate was not counted because
it is difficult to estimate the correct amount of shell that remains in the soil, and the effect
of soil inorganic carbon increase can be observed only over a longer time. This contribution
is significant, as assessed by Forte et al. [1], who estimated approximately 0.04 kg of carbon
incorporated in the shells as calcium carbonate polymorphs per kg of harvested snails.
Despite the fact that the C in the shell was not considered, the findings showed that
soil was a net C sink of atmospheric CO2 . The difference between soil carbon sequestration
and mineralization led to a positive balance of 1.93 kg of CO2 eq L−1 of LX360® .
This finding confirmed previous studies, which showed the importance of soil as a C
sink in the CF analysis under different land uses such as vineyards and olive groves [8,32,33].
The variation of SOC following land-use change is a relevant source of anthropogenic
greenhouse gas emissions, contributing about 23% of the global anthropogenic GHG
emissions, and should be included in the carbon account of bioproducts [34,35]. In order to
maximize the ability of soil as a carbon sink, more attention should be paid to individuating
the agronomic practices that improve the sustainability of the whole agroecosystem and
limit the GHG emissions.
3.3. The CF of LX360 and Future Implication
The production of LX360® does not have a negative impact on climate change; on
the contrary, the whole cycle, from snail feed production to extraction stage sequestered
0.17 kg CO2 eq L−1 into the soil. Considering the entire production of the studied farm, in
total, 522 kg CO2 eq were sequestered from the atmosphere each year. The present work
provides an important observation of each production stage, which might help farmers
and decision-makers to design the actions necessary to reduce the CF of snail secretion
filtrate. The hot spots of CO2 emission in the selected farm, identified from the life cycle
assessment and CF analysis, were in the last phase of production. The main concern was
the use of electricity for the extraction stage, which could be easily reduced through the
use of renewable energy. Secondly, the use of material with plastic components for the
rearing system could be replaced with more sustainable materials. Moreover, for the feed
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production stage, soil management could be further improved to increase the stabilization
of soil organic matter or sequester carbon in woody biomass. The selected farm is planting
trees, such as Ceratonia siliqua and Moringa oleifera, that can also contribute to snail feeding.
This study has confirmed the importance of regenerative agriculture in climate change
reduction, as well as being assessed by the Intergovernmental Panel on Climate Change,
which suggested in the special report “Climate Change and Land” that regenerative agriculture as a sustainable land management practice is effective in building resilience of
agro-ecosystems [34]. Regenerative agriculture can increase the soil organic matter content
by applying practices such as no-tillage, different cover crops, no external nutrients, no
pesticides, and multiple crop rotations [36]. Project Drawdown showed that carbon levels
increase from a baseline of 1 to 2% to up to 5 to 8% over ten or more years, following
regenerative agriculture [37].
There are very few studies related to CF analysis on snail secretion, and those which
have analysed the sustainability of natural products used as a raw material in cosmetics
are even fewer [38,39]. Comparing the impact on climate change of different raw materials
is difficult due to the lack of research in this sector and the high difference and variability
of ingredient properties. Nevertheless, the cosmetic industry needs to create innovative,
sustainable products to be competitive and satisfy the market and consumer demands. As
reported by Bom et al., [40] in a review on the sustainability of the cosmetic industry, one
of the main goals for the industry is the replacement of unsustainable synthetic ingredients
with environmentally friendly products.
The inclusion of natural, organic, or green chemistry-derived ingredients in cosmetics
formulations requires greater investigation and evaluation on the functionality and safety
of each ingredient, its stability in the formulation, and its performance in what concerns
the consumer aesthetic preferences. Additionally, comparative studies between common
cosmetic ingredients and sustainable ones should be made to facilitate the exchange.
4. Conclusions
One of the main challenges of the cosmetics industry in recent years has been replacing
unsustainable synthetic ingredients with sustainable ones. Several studies are evaluating
the potential application of natural ingredients in cosmetics, considering functionality,
stability in the formulation, and the sustainability of production.
Thanks to the biological properties that are useful for treating skin disorders, snail
secretion could be an alternative as a raw material for cosmetic purposes. This research
represents an advancement in knowledge, since no studies have been performed on the
environmental impact of snail secretion filtrate production. The findings showed the
ecosystem service benefits deriving from the supply chain of LX360® , from feed production
to snail filtrate extraction. The carbon footprint analysis demonstrated that more carbon is
sequestered into the soil compared to the CO2 emissions which occur during the whole
production process, and therefore snail secretion has proved a valid alternative to the most
common ingredients used in the cosmetics industry.
The benefit to climate change mitigation is derived from feed production and rearing
system management stages thanks to the application of regenerative agriculture practices.
This study provides new insight into the importance of regenerative agriculture to increase
the level of SOC of degraded lands. In particular, further studies could be developed to
evaluate the protocol applied in the studied farm in different agroforestry systems as a tool
for soil regeneration.
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