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Part I – Bibliographical Study
INTRODUCTION
This thesis intends to provide a better understanding of bioeconomic process in the
context of snail farming activity known as the heliciculture. The productivity aspect is
discussed in terms of bioeconomics, eco-economics this way becoming a support for
agricultural production activities aiming towards sustainable development.

1.

THE IMPORTANCE OF EDIBLE SNAILS’ FARMING

Studies by the team led by Lluis Lloveras highlights the use of edible terrestrial
snails as food by humans since 24,480 ± 110 years AP. Parpallo archaeological site offers
the oldest evidence regarding the use of the species Helix fed by humans, up to 21,105 ±
900 AP. Capaea nemoralis species is part of human diet since 12,240 ± 110 AP as shown
by LLOVERAS et al., (2011) (Fig. 1.2.1.).

Fig. 1.2.1. Archeological sites form the Mediterranean region of Spain with
prehistoric evidence of terrestrial snails’ human consumption.
(prelucrare după: LLOVERAS et al., 2011)
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We see a wide range of protein content of H. pomatia snail meat collected from the
different areas, ranging between 10.82% and 16.60% (ZYMANTIENE et al., 2006).
Consumption of snail meat counters the accumulation of cholesterol and is a highly
nutritious food during pregnancy and lactation.
Helix pomatia agglutinin (HPA)
is an N-acetilgalactosamin (GalNAc)
lectin, found in the albumin gland
(SANCHEZ et al., 2006) of the Roman
snail (H. pomatia) is able to distinguish
diseased cells from of the healthy ones,
being a powerful weapon against
pathogens identification, says Brooks
and Wilkinson (2003), cited by
SANCHEZ et al., (2006). (Fig 1.3.1) .
Identification of the benign
tumors and thyroid cancer is another
application of H. pomatia agglutinins
(HPA)
as
mentioned
by
PARAMESWARAN et al. (2011).
GONZALEZ
et
al.,
(2000),
recommended snail extract cream for
faster healing and scarring of the
affected skin after burns.

Fig. 1.3.1. Structura Helix pomatia agglutinin.
Fig. 1.3.1. The structure of Helix pomatia
agglutinin.
(după: SANCHEZ et al., 2006)

Fig. 1.3.5. The effect of snail extract in the healing process of skin burns.
(după: GONZALEZ et al., 2000)
HPA lectin properties are described by MANSBRIDGE and KNAPP, (1984) as
being useful in investigative processes of psoriasis. In combating certain types of acne,
keratossis pilaris, COONS, (2007) recommends snail serum creams. Amino acid content of
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mucus of Cornu aspersum was determined by WILLIAMS (1960) who, in his work called
mucus as gelatin.
Given the feeding behavior and physiological features as very good
bioaccumulators, the terrestrial snails proved to be excellent bioindicators (REGOLI et al.,
2006) used for monitoring the effect of pollution in urban areas.Snail farming is an activity
that does not require high energy input. In particular the snails ability to convert cellulosic
material and synthesize inorganic nitrogen by microbial enzyme activity in their digestive
tract, snails improve soil quality while being a good source of the healthy animal protein
for human consumption with prophylactic effects.
What is important in the bio-economy lies in the causes and effects of trade and
human activity in relation to living systems. In a food business, the relationship between
man and nature is based on the effects and the energy-exchange materials involving and
affecting each other by man action upon natural resources. The response from nature, as
man’s loyal partner, is dependent on man’s decisions (TOADER-WILLIAMS, 2010).
Man has expanded the production and the use of tools and machinery, equipment
and technologies that are exosomatic tools (GEORGESCU-ROEGEN, 1971). The farm is
a living system (GRUIA, 1998), and the development of agricultural production the farm
as facility, in the bioeconomic context, can be regarded as an exosomatic instrument
(GEORGESCU-ROEGEN, 1971).
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2.

GENERAL CONSIDERATIONS REGARDING WORLDWIDE AND
NATIONAL LEVEL SNAILS’ FARMING

In the 1980s, consumption of snails in the world it was somewhere in the 320,000
tons per year, most of these snails were collected from nature, from Eastern European
countries like Poland, Romania, Bulgaria, and others, while only 5,000 tons were produced
the snail farms (Fig. 2.1.1.).

Fig. 2.1.1. Edible terrestrial snails consumption at the global level.
(sursa: Instituto Internazionale di Elicicoltura,
Cherasco, http://www.lumache-elici.com/)

Fig. 2.1.11. Escargot soup considered
by Maya Civilization as sea food.

Fig. 2.1.12. Village in Guatemala populated
by Maya people and Helix pomatia snails.
(ORIGINAL, 2012)
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Consumption grew rapidly to 405,000 tons per year in 1990, with 24,000 tons
produced in snail farms, the rest being harvested from the wild continued to have
repercussions upon the ecological balance.In 2010 and 2011 world snail market recorded a
turnover of 10 billion euro per year with consumption of about 400,000 tons of snails, of
which only 55,000 tons were produced in snail farms (Fig. 2.1.1.).

3.

THE SNAIL’S MORPHOLOGY

The snails in gastropods class (Gaster = womb; podos = foot) have three main parts
of the body: head, visceral mass and foot. The foot is strongly developed. Animal rests and
crawls on the "sole". The leg is located on the ventral part of the body just below the
visceral mass hence the class name (RADU and RADU, 1967). The shell of gastropods is
composed of several layers which are composed of precipitated organic calcium carbonate
(CaCO3).

Fig. 3.2.4. The Helix pomatia snail epiphragm. e –Epiphragm.
A – Acceptable. B –Weak. C –Very weak.
(ORIGINAL, 2009)
During the mineralization process of the shell, there are important minerals
accumulated in the shell, minerals accessed via food and originating from soil. Among the
naturally found minerals are also heavy metals and selenium (Se), as trace microelement
attached to protein forming metal-protein (TOADER-WILLIAMS and GOLUBKINA,
2009).
In principle, the shell is an exoskeleton that supports and protects the body. It is
known that in general, plants and animals, need calcium (Ca) for their development. Snail
requires calcium to produce the shell and to produce the epiphragms (e) (Fig. 3.2.4.).
When the snails are younger, they are more fragile and the shell is soft, since it is
growing, fact that makes them more vulnerable to predators (CAMPBELL et al., 1997).
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Snail’s development depends heavily on the health status of adult parents, their nutrition
and growing environment.

Fig. 3.2.6. The young Cornu aspersum and the vulnerability due to the fragile shell.
( ORIGINAL, 2010)
Smaller eggs will produce young snails (Fig. 3.2.6.) with lower survival chances
says Baur (1994) cited by BEEBY and RICHMOND (1998). Egg production is a major
physiological effort, in some species ends with death of the parent (BEEBY and
RICHMOND, 1998).

4.

THE SNAIL’S FEEDING SPECIFICS

The hepatopancreas is highly developed. The hepatopancreas secretion has the
ability to digest a wide variety of feed. Helix (sp) is one of the few species whose
metazoans glands secrete digestive ferment cellulase (RADU and RADU, 1967).This
enzyme is designed to process cellulose during digestion.
For snail farming, the recommended plants as feed include beets, rape, cabbage,
sunflower, chicory, artichoke, turnip, pumpkin and carrots (AVAGNINA, 2006).
Variations in the amount of lipids, carbohydrates, protein and fiber diet can affect snail
farming snails in the subfamily stylommatophora says Jess and Marks (1989) quoted by
BARKER (2001).
The soil is part of the daily diet of snails (Fig. 4.2.2.2.). After extensive
investigations, PEREA et al., (2008) demonstrates the degree of food conversion at
different ages. The Cornu aspersum snails in the presence of humus grew significantly
faster.
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The effect of calcium carbonate (CaCO3) on growth of C. aspersum snails was
shown by PEREA et al., (2004) by treating their diet with 12.5% calcium carbonate
(CaCO3) and 22.5% CaCO3. The results showed significant differences between the two
treatments. In the second treatment it was obtain a higher growth and lower mortality rates.

Fig. 4.2.2.2. Cornu aspersum snail (Helix aspersa Muller) consumes soil.
(ORIGINAL, 2010)
At high density snails remain smaller and reach optimal weight in a long time
(MAYORAL et al., 2004). The process of choosing the food at land gastropods
(BARKER, 2001) is influenced by its qualitative composition, the quantity and its
accessibility. If the stimulus is very strong, such as odor generated by Foeniculum vulgare,
the plant is devoured rather quickly by H. pomatia snail, despite of the fact that the snail
comes from an area of plenty of preferred plants (TOADER-WILLIAMS și BENȚEA,
2010). TEYKE, (1995) demonstrated that a single exposure of H. pomatia to a particular
food induced the preference for that food.
In the summer when temperatures exceed values of 260C to 270C, snails enter in the
hypometabolic state, when the biological functions are slowed down to prevent
dehydration and resource consumption. Thus, the snails are producing epiphragms that
allow isolating themselves in part from the environment until the conditions are favorable
to comeback to a normal activity. This state of lethargy, the snail hypometabolism state in
summer is called aestivation which can last for days or weeks. After the snail eliminates
waste, and any remaining food (Tudor, 2005) snails "caps" by generating a stronger
epiphragm inappropriate but popular called "operculum" process is called "operculation".
Such hypometabolism condition can take longer during winter and is called
hibernation, which may last 6, 7 or 8 months, depending on area and weather. Healthy
snails can pass easily across the hypometabolic stage. In the first moments of awakening
from aestivation, the enzymatic activity responsible for maintaining good immune system
is alerted, according to a study on Cornu aspersum (Helix aspersa) that revealed the
mechanism.
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Selenium-dependent glutathione peroxidase (GPX) enzyme activity, at individual
organs level is accelerated in stress situations such as crossing out of hibernation state or
aestivation to normal active conditions. Thus, Se-GPX was found to be 4.9 to 1.8 times
higher in the hepatopancreas (RAMOS-VASCONCELOS and HERMES-LIMA, 2003).
The Se-GPX activity in the leg muscle was also increased 3.9 times during aestivation.
Setting the anti-oxidative system during hypometabolism may be a mechanism to reduce
oxidative stress during aestivation and awaking cycles (RAMOS-VASCONCELOS and
HERMES-LIMA, 2003).

5.

SNAILS FEEDING TECHNIQUES AND METHODS IN DIFFERENT
FARMING SYSTEMS

The common denominator of all activities based on principles of classical
economics, the basic anthropogenic economic model in the present, is the profit. From the
bioeconomics perspective in farming is to achieve the high yields per unit area of
agricultural field, while soil condition is maintained at a level of maximum production
potential.
The complete life cycle of a snail growing outdoor system was studied for more
than 30 years by Mr. Giovanni Avagnina. The snail’s farm with complete life cycle
includes the direct sowing of plants in snail pens, so food costs are reduced.
Teliu method consists mainly in recording experiments in the field and placing
them on the snail farm. An important element if the Teliu method is to used snails
collected from farms surroundings, creating a popular natural stage (Fig. 5.3.1.).

Fig. 5.3.1. Wooden access ways.
(ORIGINAL, 2008)

Fig. 5.3.3. Helix pomatia and Limax in the
certified Bio farm, Teliu method.
(ORIGINAL, 2008)

The use of cultivated plants in the intensive system has the role as shelter and
feeding the snails is based on concentrated forage using certain recipes. The feed is placed
on specially designed devices such as wooden boards.
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Part II – Original research

6.

GENERAL ORGANIZATION OF THE RESEARCH

The studies described in this thesis investigate the feasibility and optimization of
terrestrial snail raising agricultural activity.
The effective exploitation of agricultural land in an environmentally considering on
the one hand and food hygiene and energy factors, human resources and economic factors
on the other hand should be considered in planning edible snail farms. Based on the
experimental results, a general design for snail farm with low environmental impact and
maximum productivity is proposed. It is necessary to identify plants that can serve as
valuable fodder plant.

Fig. 6.2.1. The strategy and the different followed research steps sequence.
(ORIGINAL, 2009)
The influence of Sel-PlexTM feed additive on snail productivity and quality of their
meat it is also a subject of this thesis.
Two species of edible terrestrial snails are studied, namely Helix pomatia and
Cornu aspersum.
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The plants that are used as fodder are: Taraxacum officinale, Sonchus oleraceus,
Equisetum arvense, Atriplex hortensis, Lupinus polyphyllus (perenis), Rumex acetosa,
Rheum officinale, (Rheum rhaponticum) Armoracia rusticana (Armoracia lapathifolia),
Arctium lappa, Thymus vulgaris, Lavender officinalis, Foeniculum vulgare, Hyssopus
officinalis, and Symphytum officinale.
During experiments, the weather condition was extreme, the temperatures were
high.
For stunning snail was applied "Intimate Contact Induced Surface Separation" or
abbreviated ICISS, world premiere method (TOADER-Williams, 2011).This enables
complete extraction of meat from the shell upon slaughter and reduction of pain and
suffering of the snails.
Assessing the degree of fitness of snails was carried out by a new method according
to the literature available to date (TOADER-WILLIAMS and BUICU, 2011). Speed of the
snail is an indicator of metabolic rate and health. Digital video of snails moving on graph
paper of the method is at the base of the method.
For statistical data processing it was used GraphPad 5.03 program (HARVEY,
2007). One way ANOVA and Tukey test (Tukey Multiple Comparison Test) were
performed.

7.

RESEARCH RESULTS REGARDING THE INFLUENCE OF SOME
VEGETAL FEEDS UPON SNAIL’S PRODUCTION PERFORMANCE

The experiments took place at Crăieşti and Băişoara, Cluj County. Many variations
and repetitions were in different pens. In each pen of a square meter each 40 snails were
introduced. There were times when were used 160 snails/sqm, both Helix pomatia and
Cornu aspersum of different ages. The best results were obtained in batches containing
predominantly Rumex acetosa, Armoracia rusticana, and Symphytum officinale.
The best index of feed conversion (FCR) of 4.80 was obtained from Cornu
aspersum when the concentrated feed was given.
H. pomatia snail meat grown in batch CV-3(E) in the presence of Symphytum
officinale showed 14.7530% protein, the highest level. In the group CV-2(E) with Rumex
acetosa was obtained 12.0981% protein, compared to the control CV-1(M) with 10.3213%
protein (Fig.7.7.2.).
The meat of Cornu aspersum snail raised in BV-3(E) in the presence of S. officinale
showed highest level of protein, namely 15.4662% protein. The BV-2(E), Armoracia
rusticana had a level of 14.0970% protein and the control BV-1(M) with 12.3110%
protein (Fig.7.7.3).
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6
4
2
0

CV-1(M)

CV -2(E)

CV -3(E)

Helix pomatia -Proteina brută,
Crude protein (%)

10,3213

12,0981

14,753

Helix pomatia -Grăsime brută,
Crude lipides (%)

1,1328

2,2128

2,3158

Fig. 7.7.2. Meat’s chemical composition of the 12 month old Helix pomatia snails
raised with vegetal feed during the June 5 – August 28, 2010 experiments, Crăieşti farm.
(ORIGINAL, 2010)
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BV-1(M)

BV-2(E)

BV-3(E)

Cornu aspersum -Proteina
brută, Crude protein (%)

12,3110

14,0970

15,4662

Cornu aspersum -Grăsime
brută, Crude lipides (%)

2,3195

1,8745

2,0844

Fig. 7.7.3. Meat’s chemical composition of the 12 month old Cornu aspersum snails
raised with vegetal feed, Băişoara farm, 2010.
(ORIGINAL, 2010)
The 12 months old H. pomatia snail’s survival rate was in CV-2(E) 90%. The
survival rate in the CV-3(E) was 81.25% as compared to the control lot CV-1(M) with
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26.88% survival rate. Prolificacy was not studied due to snail age of only 1 year H.
pomatia.

70,00
60,00
50,00
40,00
30,00
20,00
10,00
0,00

BV-1(M)

BV-2(E)

BV-3(E)

Cornu aspersum - Prolificitate,
Prolificacy ( %) (x10)

25,00

62,00

35,00

Cornu aspersum Supravietuire, Survival (%)

16,25

35,00

41,88

Fig. 7.7.4. Prolificacy and survival rate of the 1 year old Cornu aspersum snails
under experimental feeding conditions with vegetal feed, Băişoara, 2010.
(ORIGINAL, 2011)
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1,2
1
0,8
0,6
0,4
0,2
0
Cornu aspersum - Viteza
medie, Average speed
(mm/s)

BV-1(M)

BV-2(E)

BV-3(E)

1,1527

1,5142

1,3572

Fig. 7.7.6. Energetic metabolism indices of the 4-7 days old Cornu aspersum
snails at the end of the experiments on vegetal feed.
Observations done on August 25-27, 2010.
(ORIGINAL, 2011)
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The survival rates of 1 year Cornu aspersum was in BV-2(E) of 35% and in the
BV-3(E) of 41.88% compared to the control BV-1(M) with 16.25%. Prolificacy of Cornu
aspersum in BV-2(E) was 620% and in the BV-3(E) of 350% as compared to the control
lot BV-1(M) with 250% (Fig. 7.7.4.).
The degree of fitness of Cornu aspersum snails was evaluated by the average speed
of snail movement thereof. In BV-2(E) we have 1.5142 mm/s, BV-3(E) 1.3572 mm/s as
compared to the control lot BV-1(M) with a mean of 1.1527 mm/s. The heart rate was
constant in all lots at about 100 BPM (Fig. 7.7.6.).

8.

RESEARCH RESULTS REGARDING THE INFLUENCE OF SOME
CONCENTRATED FORAGE AND ADDITIVES UPON SNAIL’S
PRODUCTION PERFORMANCE

In each pen of a 1 meter square each of were introduced 40 snails. The concentrated
forage used during Crăieşti consisted of a mixture of 60% wheat flour, 20% corn flour,
20% calcium carbonate (CaCO3) and 0.02% Sel-Plex in CF-2(E), 0.04% Sel-Plex in CF 3(E) and 0.10% in CF-4(E). During the experiments in Băişoara the additive Sel-Plex was
used in concentrations of 0.04% in BF-2(E) and 0.10% BF-3(E) and none in the control
BF-1(M). For determination of selenium (Se) content in snail meat was used the atomic
absorption spectrometry technology.

0,03
0,025
0,02
0,015
0,01
0,005
0

BF-1(M)

BF-2(E)

BF-3(E)

0-40 zile (days)

0,0081

0,0159

0,0183

41-91 zile (days)

0,0237

0,0256

0,0152

0-91 zile (days)

0,0169

0,0213

0,0165

Fig. 8.6.2.5. The individual daily weight gain (g) evolution for the 9-12 month old
Cornu aspersum under feeding conditions with concentrated forage and Sel-PlexTM .
(ORIGINAL, 2012)

XXXIV

Adrian TOADER
Summary of Ph.D. thesis
The influence of feed upon the Helix (Sp) edible snails’ production performance under the bioeconomic aspect

Evolution of average weight gain is one of the most relevant indications of the
influence of certain fodder plant upon the growth and development of edible terrestrial
snails. The protein content of snail meat is higher in Helix pomatia snails in the lot where
concentrated feed additive Sel-Plex is 0.04% (Fig. 8.6.2.5.).
The 1 year Cornu aspersum snail meat has the highest level of protein in the variant
where the feed additive concentrate Sel-Plex is 0.02%, namely in the CF-2(E) (Fig. 8.7.2.).

12,0000
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8,0000
6,0000
4,0000
2,0000
0,0000

CF-1 (M)

CF-2 (E)

CF-3 (E)

CF-4 (E)

Helix pomatia -2 ani (2 y.o.)

9,6260

10,3053

11,0619

10,2400

C. aspersum-1 an (1 y.o.)

8,7376

9,8650

9,0165

8,2114

C. aspersum- 80 zile (days)

6,2890

7,3571

7,0624

7,9972

Fig. 8.7.2. Meat’s crude protein content (%) of the Helix pomatia and Cornu aspersum
fed with concentrated forage and Sel-PlexTM as additive. Crăieşti, 2009.
(ORIGINAL, 2012)
The content of selenium (Se) snail meat is increasing from CF-1(M) to CF-4(E) for
both studied species, adults and youth. Bioaccumulation of selenium is generally higher in
C. aspersum snails then Helix pomatia snails.
Bioaccumulation of selenium (Fig. 8.7.4.) is generally higher in the Cornu
aspersum of 80 days young snails then the Cornu aspersum adult snails. The Cornu
aspersum snail meat Se concentration level is increasing with the concentration of the SelPlex additive given in the forage.
In 2009 we have values from 4.37 ppb in control lot where Sel-Plex was not
administered. We had 23.83 ppb in the variant which was 0.10% Sel-Plex added. In 2010,
the trend is similar, low in control lot and the maximum in the lots with 0.10% Sel-Plex
added to the concentrated feed (Fig. 8.7.7.).
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30,00
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CF-1 (M)

CF-2 (E)

CF-3 (E)

CF-4 (E)

Helix pomatia -2 ani (2 y.o.)

5,24
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11,15

18,32

C. aspersum-1 an (1 y.o.)

4,37

13,01

15,08

23,83

C. aspersum- 80 zile (days)

19,86

21,14

44,71

56,80

Fig. 8.7.4. Meat’s selenium content (Se) (ppb) of the Helix pomatia and Cornu
aspersum fed with concentrated forage and Sel-PlexTM as additive. Crăieşti, 2009.
(ORIGINAL, 2012)
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35
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25
20
15
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0

Martor - Control

Sel-PlexTM 0,04% Sel-PlexTM 0,10%

Cornu aspersum-1 an (1 y.o.)
2009

4,37

15,08

23,83

Cornu aspersum-1 an (1 y.o.)
2010

21,01

33,57

49,28

Fig. 8.7.7. Comparative analysis of the meat’s crude selenium content (Se) (ppb) of the
Cornu aspersum snails fed with concentrated forage and Sel-PlexTM as additive,
obtained at the end of 2009 as well as 2010 experiments.
(ORIGINAL, 2012)
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64,00
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Fig. 8.7.8. Comparative analysis of Cornu aspersum and Helix pomatia snails’survival
rate by age group under experimental feeding conditions with
concentrated forage and Sel-PlexTM as additive, Crăieşti 2009.
(ORIGINAL, 2012)

80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00
0,00

Martor - Control

Sel-Plex 0,04%

Sel-Plex 0,10%

Cornu aspersum 1 an (y.o.)
2009

77,50

76,25

71,25

Cornu aspersum 1 an (y.o.)
2010

38,13

52,50

38,13

Fig. 8.7.9. Comparative analysis of the survival rate of the 1 year old Cornu aspersum
snails under experimental feeding conditions with concentrated forage and Sel-PlexTM
as additive, in 2009 as well as 2010.
(ORIGINAL, 2012)
The highest survival rate for 1 year Helix pomatia snails is when the concentration
of Sel-Plex is 0.10% (Fig 8.7.8.). The 80 days C. aspersum has the highest survival rate
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also in the CF-4 lot where the concentration of Sel-Plex is 0.10% present in the
concentrate feed (Fig. 8.7.8.).

1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0

Cornu aspersum - Viteza
medie, Average speed
(mm/s)

BF-1(M) Martor Control

BF-2(E) Sel-Plex
0,04%

BF-3(E) Sel-Plex
0,10%

1,2207

1,4403

1,5694

Fig. 8.7.10. Energetic metabolism indices of the 4-7 days old Cornu aspersum snails at
the end of the experiments on concentrated forage and Sel-PlexTM. Băişoara, 2010.
(ORIGINAL, 2012)

Fig. 8.7.11. Indices of food consumtion (FCR) of the 1 year old
Cornu aspersum after being fed with pumpkin
and flour mix as concentrated forage and Sel-PlexTM as additive.
(ORIGINAL, 2012)
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Speed (Fig. 8.7.10.) of Cornu aspersum juveniles, 1.5694 mm/s is far superior to
snails coming from variant BF-3(E) where Sel-Plex is administered 0.10%. The next value
is occupied by BF-2(E), 1.4403 mm/s, where Sel-Plex is administered 0.04%. The speed is
independent of the heart rate under the climate and nutrition conditions described above.
The presence of selenium (Se) in the diet improves snail food consumption index
(FCR). The Se effect is most pronounced in the variant F3-(E) which has an average of
5.72. The resistance to hibernation appears to be better at Cornu aspersum who were given
meals with Sel-Plex as a feed additive in concentrations of 0.04% followed by 0.10%
where the results are a little weaker (Fig. 8.7.11.).

9.

RESEARCH RESULTS REGARDING THE INFLUENCE OF
CALCIUM CARBONATE UPON SNAIL’S PRODUCTION
PERFORMANCE

Generally, plants and animals need calcium (Ca) for their development. The entries
into state hypometabolism, or aestivation or hibernation, snails generate the epiphragm
requiring large amounts of CaCO3 and of course energy.
This epiphragm is lost once the snail is out of hypometabolism. These metabolic
transitions from one state to another have a material and significant energy cost for snails.
To meet these requirements, CaCO3 should be in sufficient quantities in the snail’s
diet. The influence of is shown in table 9.4.1.

(Short) Table 9.4.1.
The effect of the calcium carbonate (CaCO3) upon Cornu aspersum snails
for 10 days under experimental conditions.

Shell rim hardening (each).

Weight gain (g).

Shell’s thickness (mm).

Shell rim hardening (each).

Weight gain (g).

Shell’s thickness (mm).

Shell rim hardening (each).

Mean
s

Lot E 2 (200g CaCO3)
Experimental.

Shell’s thickness (mm).

SPECIFICATION

Lot E 1 (100g CaCO3)
Experimental.

Weight gain (g).

Lot M
Control lot.

0,26
±0,03

0,60
±0,04

14
±4,60

0,42
±0,01

0,72
±0,01

26
±1,50

0,41
±0,02

0,72
±0,03

26
±2,50
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10.

THE BIOECONOMIC ASPECT OF HELICICULTURE

The farm is a living system (GRUIA, 1998) and the development and agricultural
production facility in bioeconomic context can be regarded as an exosomatic instrument.
Like any other instruments, tools and equipment, the farm needs to be properly sized to
meet the intended purpose effectively.
Using TEKT principles is important that during snails farming to be able to provide
food for all snails to assure their optimal development. In the context of bioeconomics, for
example, is to be taken into account protein production per a given area of land.
Considering the two species studied during this research, Helix pomatia and Cornu
aspersum, it is important to note certain features. Their productivity per unit area of land
as a scarce natural resource is a limiting factor by definition. Then, the net snail meat
production it depends on slaughter yield (Rs), an index of productivity that is different
depending on the edible snails species of which we refer to.
Based on average production of 1 kg (1,000 g) per square meter of live snails of
both species, protein and fat production per square meter depends on the species
development and necessary time to reach the proper marketing size and the efficiency at
slaughter. Snail’s meat has a protein and fat content specific to the diet regiment they were
exposed to (table 10.2.1.).
The mean annual production of protein per square meter (Pmp) are at Helix pomatia
11.02 g/sqm in the control group CV-1(M), 12.92 g/sqm CV-2(E), 15.76 g/sqm in CV3(E) (S. officinale). At Cornu aspersum we have 92.59 g/sqm in group BV-1(M), 106.02
g/sqm in BV-2(E) (A. rusticana) and 116.32 g /sqm in BV-3(E) (S. officinale).
The average annual production of fat per square meter (Gmp) from Helix pomatia is
1.21 g / m in the control group CV-1(M), 2.36 g/sqm in CV-2(E), 2.47 g/sqm in CV-3(E)
(S. officinale).
In Cornu aspersum we have 17.44 g/sqm in group BV-1(M), 14.10 g/sqm in BV2(E) (A. rusticana) and 15.68 g/sqm in BV-3(E) (S. officinale). From the bioeconomics
aspect, it is clear that the Cornu aspersum snail species is superior to the production of
protein and fat per square meter, especially when it is fed with Symphytum officinale.
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Table 10.2.1.
The feasibility from the bioeconomics point of view of edible terrestrial snails farming.
2 years old Helix pomatia.

(n)

Media,
Mean.
s

1 year old Cornu aspersum.

Snails total
weight.(Gt)
(g)

Leg weight.
(Gp)
(g)

Slaughter
yield.
RsHp (%)

Snails total
weight.(Gt)
(g)

Meat
weight. (Gc)
(g)

Slaughter
yield.
RsCa (%)

3

3

3

3

3

3

21.36
± 1.73

73.60
± 11.45

55.37
± 9.13

75.21
± 2.61

245.40
± 20.18

52.57
± 7.88

Crude protein.
Sursa.
Source.
Media. Mean.
s

CV-1(M)

Media. Mean..
s

CV -2(E)

Media. Mean.
s

CV -3(E)

Cp Carne
Cp Meat (%)
10,3213
±0,0579
12,0981
±0,0949
14,7530
±0,1991

(Pmp)*
(g)

Sursa.
Source.

11,02

BV-1(M)

12,92

BV-2(E)

15,76

BV-3(E)

Cp Carne
Cp Meat (%)
12,3110
±0,2676
14,0970
±0,3871
15,4662
±0,2275

(Pmp)*
(g)
92.59
106,02
116,32

Crude lipides.
Sursa.
Source.
Media. Mean.
s

CV-1(M)

Media. Mean.
s

CV -2(E)

Media. Mean.
s

CV -3(E)

Cg Carne
Cg Meat (%)
1,1328
±0,0664
2,2128
±0,0841
2,3158
±0,0779

(Gmp)**
(g)

Sursa.
Source.

1,21

BV-1(M)

2,36

BV-2(E)

2,47

BV-3(E)

* (Pmp) - Mean of annual protein produced per square meter (g).
** (Gmp) – Mean of annual lipids produced per square meter (g).
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Cg Carne
Cg Meat (%)
2,3195
±0,0781
1,8745
±0,0897
2,0844
±0,1199

(Gmp)**
(g)
17,44
14,10
15,68
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Snail farming system proposed and described briefly (Fig.10.4.3. )and in general,
graphically displayed, consists of a dual use of land, producing electricity by solar panels
and snail farming under these panels, where the vegetation receives indirect and direct.
Snails do prefer the shady areas.

Fig. 10.4.1. Helix pomatia contaminated with
heavy metals, Copşa Mică, Sibiu district.
GPS: N 46.107630 , E 24.217910 (ORIGINAL, 2007)

Fig. 10.4.2. Installation for solar energy
caption with panels.
(după: ELICICOLTURA 82/2011)

Fig.10.4.3. Optimized agricultural land exploitation proposed farming system by raising edible
terrestrial snails using the complete regime method in the area of solar energy capturing panels.
1 –Solar panels. 2 –Support pole. 3 –Snails’ anti-migration device.
4 – Irrigation pipe. 5 –Protection against birds and hail.
6 –Rain water collector and drain. 7 –Area for snail’s refuge.
8 –Rain excess water collector and drain. 9 –Plants that do not need direct sunlight
10 –Plants that do need direct sunlight.
(ORIGINAL, 2012)
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11.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

Feeding the Helix pomatia snails with Rumex acetosa and with Symphytum
officinale leads to considerable increases in weight. The snails contain much higher protein
and fat as opposed to the lots where these plants are absent. S. officinale version offers the
highest values.
Regarding the Cornu aspersum snails, the protein content follows the same pattern,
emphasizing the situation when about 25% more protein is obtained in S. officinale version
as opposed to control version. The degree of prolificacy of Cornu aspersum snails is far
superior in the lots with A. rusticana followed by the lots with S. officinale.
Degree of survival is over two times higher in both experimental lots as opposed to
the control lots.
The index of energy metabolism (speed) of the Cornu aspersum juvenile is about
30% higher in the variant where A. rusticana is present as opposed to control lot and
almost 20% higher in the lot where S. officinale is present.
The index of energy metabolism (speed) to of Cornu aspersum juvenile is about 2930% higher in the lots in which Sel-PlexTM was in proportion of 0.10% as compared to the
control lots version. It was about 18% higher in version 0.04 % Sel-PlexTM as opposed to
the control.
The presence of selenium (Se) in the diet improves snail feed consumption index
(FCR) most pronounced effect (5.72) observed in the case where Sel-PlexTM was in 0.04%
concentration as compared to the control lots.
Also, a diet of 0.04% Sel-PlexTM increased the resistance to hibernation. The
presence of calcium carbonate (CaCO3) in the snails diet produced a weight increase of
over 50% higher than the control group, about 20% thicker shell and the number of snails
whose peristome strengthened was almost double as opposed to the control lot where
CaCO3 was missing.
The proposed farm complex combines the use of agricultural land for production of
animal protein and solar energy capture infrastructure. It represents a good protection for
snails as long as TEKT rules are followed.
Experiments are needed to elucidate the effects of the alkaloids contained in the
leaves of S. officinalis on edible terrestrial snails.
The use in the snail farming activity of perennials that have a high organic nitrogen
productivity, combined with use of land for solar energy capture, confer synergistic
opportunities for bioeconomic exploitation of agricultural potential of land.
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