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Abstract

The microstructure of the stomach, intestines, hepatopancreas, kidneys, lungs, reproductive organs, and protein gland of
two species of snails (Helix pomatia and Helix aspersa Muller) under the influence of abiotic (climatic) and biotic
(parasite) factors was studied. In snails of the first group, the visceral organs had a typical structure. The parenchyma
of the hepatopancreas, as the most vulnerable organ, is represented by glandular tubules and the system of excretory
ducts that open into the intestinal cavity. Structural changes in the hepatopancreas and gonads were observed in snails
of the second group, which were in the state of anabiosis under the influence of dry, hot weather. The helminthic invasion
in the snails of the third experimental group caused necrosis of the hepatopancreas and replacement of the parenchyma

of the gland with loose connective tissue.
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INTRODUCTION

Snails of the genus Helix belong to the family
Helicidae of the order Pulmonata, -class
Gastropoda (El-Khayat et al., 2015; Bouchet et
al., 2005). Snails of the species Helix pomatia
and Helix aspersa are common components of
the biocenosis in all climatic and geographical
zones of the world (Kotsakiozi et al., 2012;
Ligaszewski, 2009). The deepening of research
on this class of invertebrates is due not only to
their unique biological properties, but also to the
growing demand for them as food. In recent
years, snail farming as a business sector has
been developing intensively. Technologies for
snail breeding and processing are being
developed and improved (Tluste & Birkhofer,
2023; Rygato-Galewska et al., 2022; Zubar &
Onyshchuk, 2020; Carbone & Faggio, 2019;
Cilia & Fratini, 2018; Ligaszewski et al., 2016,
Zymantiene et al., 2008; S.-Rdzsa, 2002).

In Ukraine, snail business entities such as
Snailgroup company, the “Agroravlyk” Farm,
the Ukrainian Association of Snail Producers,
and others are increasing their production
capacity (DSTU 7353:2013. Meat. Method of
histological determination of freshness and
degree of ripening. Valid from 2014-01-01.
Kyiv, Ukrainian). In December 2021, the first
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all-Ukrainian conference was organised on the
basis of the “Agroravlyk” Farm, which aims to
promote snail farming, as well as to improve the
level and quality of its technological processes
(First  All-Ukrainian conference of snail
breeders, “Agroravlyk” Farm, Kyiv, Ukraine,
2021; Paska et al., 2020; Zubar & Onyshchuk,
2020; Carbone & Faggio, 2019; Zymantiene et
al., 2008).

In the European Union, legal regulations are
mainly focused on the control of the
microbiological quality of cooked snail meat
and hygienic conditions during their cultivation
(Rygato-Galewska et al., 2022; Ligaszewski et
al., 2016; Charrier et al., 2006). Regulation Ne
2073/2005 of the European Union Commission
defines requirements for Salmonella in snail
meat and for E. coli and coagulase-positive
Staphylococci in the hygiene of their cultivation
(Paszkiewicz et al., 2014; Regulation Ne
2073/2005 of the European Union Commission
on microbiological criteria for foodstuffs,
Brussels, Belgium, 2005).

When analysing scientific studies on the
biological characteristics of snails, attention has
been drawn to the very limited speed of their
movement (0.047 km/h), which is why all
generations of a single snail population exist in
a certain territory, i.e. they are almost incapable



of migration (Becker et al., 2021; Habib et al.,
2018; Low et al., 2016; Nowakowska et al.,
2006; S.-Rozsa, 2002). The life expectancy of a
snail in artificial conditions can reach 20 years,
but in the "wild", due to the influence of
unfavourable factors, it does not exceed 8 years
(Pefia et al., 2017; Kotsakiozi et al., 2012). Since
snails are  predominantly  herbivorous
organisms, plants are one of the main links in the
cycle of ecosystem pollutants (Tluste &
Birkhofer, 2023; Amal & Abdel-Rahman, 2020;
Lobo-da-Cunha, 2019; Otitoloju et al., 2009;
Hamed et al., 2007; Rabitsch, 1996).

Ecological pollutants, both organic and
inorganic, have cumulative properties in relation
to biotic (plants, animals) and abiotic (soil,
water, air) ecosystems. In this sense, first of all,
the question arises of the safety of consuming
products of "spontaneous" snail farming, which
is often used by collecting gastropods in the
"wild" (Tluste & Birkhofer, 2023; Rygato-
Galewska et al., 2022; Ali et al., 2019; Rota et
al., 2016; Kose et al., 2015; Hamlet et al., 2012;
Sherifa et al., 2007; Charrier et al., 2006; Gomot
& Pihan, 1997).

It is known that the animal body reacts with
appropriate structural and functional changes to
the accumulation of exotoxins in it. Therefore,
attention has been drawn to the possibility of
using snails as environmental bioindicators and
biological test systems for organic and inorganic
pollutants not only in their habitat but also in
feed and livestock products obtained from these
areas (Yasmeen S. M. Abd El Mageed et al.,
2023; Carbone & Faggio, 2019; Parvate &
Thayi, 2017; Rota et al., 2016; Sharaf et al.,
2015; El-Khayat et al., 2015; Mohammadein et
al., 2013; Almedros & Porcel, 1992; Janssen &
Dallinger, 1991).

MATERIALS AND METHODS

The goal of the study is to determine the
structural parameters in the organs of the
visceral part of the body of the snails Helix
under the influence of habitat conditions and
pathogenic factors (helminthiasis).

To achieve this goal, the following objectives
have been set:

1. To collect the snails Helix pomatia living in
different natural environmental conditions in the
temperate continental climate zone of Europe.

186

2. To study the anatomical features of the body
structure of the snails Helix pomatia and to
select material for histological examination.

3. To development the technique of making
histological preparations from the visceral part
of the snail body and their microscopy with the
identification of organs.

4. To compare the histological structure of the
organs of the visceral part of the body of the
snails Helix pomatia collected under different
natural environmental conditions.

5. Coproscopic examination of the snails Helix
aspersa to detect helminthic invasion and
determine the state of the microstructure of the
visceral organs of the infested snails.

To conduct the planned research, 3 groups of
snails of the same age, 10 individuals each, have
been used.

The first group (control group) includes the
snails Helix pomatia, which have been collected
during their life activity in May in cool and
moderately humid weather on the territory of a
household plot where chemical plant protection
products were not used during the spring and
summer season.

The second group includes the snails Helix
pomatia collected from the same household plot,
but in hot weather — in August. The snails were
found in a state of anabiosis, fixed mainly to the
bark of tree trunks.

The third group includes the snails Helix
aspersa  Muller from a specialised farm
collected in May under weather conditions
similar to those of the first group. Snails with
low motor activity and reduced feed
consumption have been used.

Snails were dissected according to the method
described in Atlas of Animal Anatomy and
Histology (Léw et al., 2016) (Figure 1).

Figure 1. Preparation for dissection
(Own source)



The visceral part of the snail's body was
separated from the foot with scissors along the
lower surface of the mantle edge, starting from
the pneumostome.

Samples for histological examination were fixed
during the week in a neutral aqueous formalin
solution, with the first day in 5% followed by re-
fixation in 10% solution. According to the
classical method of making paraftin blocks, the
sampled material was passed through a battery
of alcohols of increasing concentration and
embedded in paraffin. Histological sections of
7-10 pm thick were stained with haematoxylin
and eosin (Horalskyi et al., 2019). Histological
preparations from the visceral part of the snail’s
body were examined using Jenamed-2 light
microscope.

Coproscopic examination for parasitosis has
been performed using the native smear and
Fiillleborn methods. A native smear was
prepared on a slide, a drop of distilled water was
added, in which a lump of snail secretions was
thoroughly stirred and covered with a cover slip.
According to the Fiillleborn method, the snail
secretions were stirred in a beaker with a cooled
saturated solution of sodium chloride, filtered
through a metal strainer and extracted for 40
minutes. Three drops were taken from the
surface of the sample with a metal loop onto a
degreased slide and covered with a cover slip.
Microscopy in both cases was performed at low
microscope magnification (MBS, objective —
10%, eyepiece — 12,5%) (Halat et al., 2004).

The experiment was conducted in accordance
with generally accepted principles of humane
treatment of animals (Law of Ukraine "On the
Protection of Animals from Cruelty Treatment",
No. 3447-1V as of 21.02.2006, Kyiv; European
Convention for the Protection of Vertebrate
Animals Used for Experimental and Other
Scientific Purposes, Strasbourg, 1986). The
work was done at the Department of Normal and

Pathological Morphology of the State
Biotechnological University (Kharkiv,
Ukraine).

RESULTS AND DISCUSSIONS

When studying the anatomical structure of the
snails, it has been revealed that the body of the
snail is firmly connected to the calcareous shell
and consists of a head, body and foot. The
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visceral part of the body is located in the distal
whorls (Figures 2, 3).

Root of pulmanary chamber

Edge of mantla or eallar

Digestive gland

Hermaphradite gland Albuman gland

Figure 2. Structure of the snail's body after shell removal
(Léw et al., 2016)

Figure 3. Diagram of the body structure of a snail.
Retrieved from
https://www.daviddarling.info/encyclopedia/S/snail.html

It has been determined that the snail Helix
pomatia (Grape snail) belongs to the pulmonary
snails and is a hermaphrodite. Under
unfavorable conditions (too high or low air
temperature, drought), snails retract their bodies
into the shell and close its outer opening with an
epiphragm formed by congealed mucus with
minerals, which makes it strong. During this
period, snails are in a state of anabiosis, which
can last for 3-5 months (Noothuan et al., 2021;
Kotsakiozi et al., 2012; Pirger et al., 2004).

Histological studies have shown that the section
covers the visceral part of the snail's body and
allows to identify almost the entire complex of
internal organs: stomach, intestines,
hepatopancreas, and gonad. A special feature of
the digestive system of a snail is the presence of
an organ called the digestive gland, or
hepatopancreas, which combines the functions



of the liver and pancreas and performs an
excretory function (Figures 2, 3).

In snails, there is no separation of visceral
organs by serous membranes due to the very
limited size of the secondary body cavity —
coelom (Figure 4). Only the pericardial cavity is
formed.

Figure 4. Fragment of the visceral part of the body of the
snail Helix pomatia of the first group: 1 - hermaphroditic
gonad; 2 - hepatopancreas; 3 - intestine. H & E (Own
source)

On the side of the mantle cavity, there is a
separating barrier formed by a single-layer
single-row low prismatic epithelium (Figure 5).
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Figure 5. Fragment of the visceral part of the body of the
snail Helix pomatia of the first group: 1 - single-layer
epithelium from the side of the mantle cavity; 2 -
hepatopancreas. H & E (Own source)

According to the results of our study, the
hepatopancreas of the snails of each group
showed peculiarities of a microscopic structure.
The hepatopancreas of the snails of the first
group has a typical structure. Its parenchyma is
represented by glandular tubes and a system of
excretory ducts that open into the intestinal
cavity (Figure 6).
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Figure 6. Fragment of the hepatopancreas of the snail
Helix pomatia of the first group:
1 - hepatopancreas; 2 - stomach cavity. H & E
(Own source)

Glandular tubes contain 4 types of cells:
digestive cells, excretory cells, calcium cells and
thin cells. The cytoplasm of digestive cells
contains numerous secretory granules and
sometimes green granules of various sizes.
Excretory cells are distinguished by the presence
of a vacuole with a large yellow granule in the
cytoplasm. Calcium cells are predominantly
triangular in shape compared to other cell types,
smaller in height, with large nuclei and optically
dense cytoplasm. Sometimes spherical calcium
granules — spherules — are found in their
cytoplasm. The granules are also present in the
lumen of the excretory ducts and the gastric
cavity (Figure 7). Thin cells are undifferentiated
cambial cells (Lobo-da-Cunha, 2019; Léw et al.,
2016).

Figure 7. Cellular composition of the hepatopancreas of

the snail Helix pomatia of the first group: 1 - digestive

cells; 2 - excretory cells; 3 - calcium cells. H & E (Own
source)

According to the literature, the hepatopancreas
is the organ that to the greatest extent deposits



toxic  substances and  ensures their
detoxification, which is why it is highly
responsive to environmental factors (Yasmeen
S. M. Abd El Mageed et al., 2023; Carbone &
Faggio, 2019; Parvate & Thayi, 2017; Rota et
al., 2016; Sharaf et al., 2015; El-Khayat et al.,
2015; Mohammadein et al., 2013; Almedros &
Porcel, 1992; Janssen & Dallinger, 1991).

In snails of the second group, which were in a
state of anabiosis, significant structural changes
occurred in the digestive, excretory and genital
organs. Due to the closure of the shell opening
by the epiphragm and the absence of
communication between the organism and the
external environment, it is impossible for the
excretory organs to remove metabolic products.
This situation leads to a change in the function
of the hepatopancreas. The hepatopancreatic
glandular cells transform and differentiate into
excretory cells. The glandular tubes are
dominated by cells with vacuoles with yellow
granules in the cytoplasm. The excretion
products accumulate in the lumen of the
glandular tubes and the hepatopancreatic ducts,
as well as in the stomach and intestinal cavity.
The colour of the excretory products suggested
that they are in a colloidal state, possibly as a
result of water reabsorption (Figures 8§, 9).

Figure 8. Hepatopancreas of the snail Helix pomatia of
the second group: 1 - glandular tubes filled with
compacted excretory products; 2 - excretory duct with
excretory products. H & E (Own source)

Snails, like many invertebrate hermaphroditic
organisms, have a sexual organ, the sperma-
theca, for the accumulation and storage of male
reproductive products (Rogers & Reeder, 1987).

Figure 9. The stomach of a snail Helix pomatia of the
second group: 1 - excretory products in a compacted
state in the stomach cavity; 2 - stomach wall. H & E

(Own source)

In snails of the second group, lysis of sperms in
the spermatheca is observed, which is evidence
of the limited viability of sperm and its
autonomous disposal during a period of
prolonged absence of sexual activity (Figure
10).

Figure 10. Spermatheca of the snail Helix pomatia of the
second group: 1 - wall of the spermatheca; 2 - lysis of
sperms in the spermatheca. H & E (Own source)

At the same time, the hermaphroditic gonad
shows no destruction of ova and spermatogonia,
which indicates their resistance to hypoxia and
other unfavourable conditions of the internal
environment  cellular metabolism  during
hibernation.

In the snails Helix aspersa Muller of the third
group, according to the results of coproscopic
studies, in native smears and by the Fiillleborn
method, larval and imaginal stages of nematodes
of the order Strongylata, family Strongylidae,
have been detected (Figure 11).



Figure 11. Helminths of the Strongylidae tamily in the
native faecal smear of the snails Helix aspersa of the
third group. Native preparation, magnification x125

(Own source)

Morphological analysis of the histopreparations
from the visceral organs of the snails Helix
aspersa enables to determine the effect of one of
the biotic factors on their organism. The
digestive gland of the snails retained its typical
structure, but in some places, glandular tubes of
the hepatopancreas are represented by a
structureless mass in which individual swollen
epithelial cells with nuclei in the stage of
pyknosis, rexis and lysis are visible, indicating a
process of necrosis.

Figure 12. A fragment of the hepatopancreas of the snail
Helix aspersa of the third group: the area of necrosis is
marked with a circle; arrows indicate the replacement of
parenchyma by the connective tissue. H & E
(Own source)

These morphological manifestations should be
considered as changes in hepatopancreatic
tissues to the destructive effects of metabolic
products of the detected nematodes. Destroyed
areas of the hepatopancreatic parenchyma are
replaced by the connective tissue (Figure 12).
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Connective tissue layers are also increased
between microscopically intact glandular tubes.
Such structural changes are caused by prolonged
exposure to the metabolic products of the
detected nematodes and lead to the development
of hepatopancreatic cirrhosis.

CONCLUSIONS

Based on the results of our research and analysis
of the literature, we have come to the following
conclusions:

1. The organism of the snails Helix reacts with
clear structural changes in visceral organs to the
action of adverse environmental factors.

2. In the snails Helix pomatia, which were in a
state of anabiosis, transformation and
differentiation of glandular cells of the
parenchyma into excretory cells takes place in
the hepatopancreas. Excretory substances in a
compacted state accumulate in the digestive
organs. Lysis of sperm is observed in the
spermatheca.

3. In the snails Helix aspersa, which have been
exposed to prolonged helminthic invasion, foci
of necrosis are found in the hepatopancreas,
which are replaced by the connective tissue,
causing cirrhosis of the organ.

REFERENCES

Ali, S. M., & Said, S. M. (2019). Histological and
scanning electron microscopic study of the effect of
UV-A radiation on the land snail Monacha obstructa.
The Journal of Basic and Applied Zoology, 80, 8.
https://dx.doi.org/10.1186/s41936-019-0075-5

Almedros A. & Porcel D. (1992). A structural and
microanalytical (EDX) study of calcium granules in
the hepatopancreas of Helix aspersa. Comparative
Biochemistry and Physiology Part 103A. Physiology,
4,757-762.

Amal, H. E., & Abdel-Rahman (2020). Histopathological
alterations in the foot and digestive gland of the land
snail, Monacha sp. (Gastropoda: Helicidae) treated
with some plant oils and neomyl. Egyptian Journal of
Plant Protection Research Institute, 3(4), 1255-1270.

Becker, J. E., Mirochnitchenko, N. A., Ingram, H.,
Everett, A., & McCluney, K. E. (2021). Water-seeking
behavior among terrestrial arthropods and mollusks in
a cool mesic region: Spatial and temporal patterns.
PLoS One, 16(11).

Bouchet, P., Fryda, J., Hausdorf, B., Ponder, W., Valdés,
A., & Warén, A. (2005). Classification and
nomenclator of gastropod families. Malacologia,
47(1-2), 368.

Carbone, D., & Faggio, C. (2019). Helix aspersa as
sentinel of development damage for biomonitoring



purpose: A validation study. Molecular reproduction
and development, 86 (10), 1283-1291.
https://doi.org/10.1002/mrd.23117

Charrier, M., Fonty, G., & Andant, G. (2006). Isolation
and characterization of cultivable fermentative
bacteria from the intestine of two edible snails, Helix
pomatia and Cornu aspersum (Gastropoda:
Pulmonata). Biological Research, 39 (4) , 669-681.

Cilia, G., & Fratini, F. (2018). Antimicrobial properties of
terrestrial  snail and slug mucus. Journal
Complementary and Integrative Medicine, 15(3),
20170168. https://doi.org/10.1515/jcim-2017-0168

DSTU 7353:2013. Miaso. Metodyka histolohichnoho
vyznachennia svizhosti ta stupenia dozrivannia.
Chynnyi vid 2014-01-01 [DSTU 7353:2013. Meat.
Method of histological determination of freshness and
degree of ripening. Valid from 2014-01-01], Kyiv [in
Ukrainian].

El-Khayat, H.M.M., Hamid, H.A., Gaber, H.S,,
Mahmoud, K.M.A., & Flefel, H.E. (2015). Snails and
Fish as Pollution Biomarkers in Lake Manzala and
Laboratory A: Lake Manzala Snails. Fish Aquac J., 6,
153. doi:10.4172/2150-3508.1000153

Encyclopedias of David Darling. Snail. Scheme of the
body structure of a snail. Retrieved from
https://www.daviddarling.info/encyclopedia/S/snail.h
tml [in English]. (2024, February, 29).

European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes. (1986). Strasbourg, France.
https://rm.coe.int/1680900466

First All-Ukrainian conference of snail breeders,
“Agroravlyk” Farm, Kyiv, Ukraine (2021).
https://.facebook.com/l.php?u=http%3 A%2F%2Fagr
oravlik.com.ua%2Fblog%?2Fpersha-vseukrayinska-
konferentsiya-
ravlykovodiv%2F%3Ffbclid%3DIwAR2-
LVwkjdzSkqEPKkNAOiu4jQMVLeDjJjl6PCdDhvo-
LFApxY2NnZvJefeA&h=AT1VVki_wJrG6A9IKO08D
So_X2l1140hiaTI-

Ce23kngIN6RS1AJKE4 Vt5uwBrAUBtWZ2M;j2Qz
NrK-
qEBHypi6wy01TXdexXck7ecmm1mDp7zkTtJhbtCK
Q88CkGEp-UlwB2ko& t

Gomot, A., & Pihan, F. (1997). Comparison of the
Bioaccumulation Capacities of Copper and Zinc in
Two Snail Subspecies (Helix). Ecotoxicology and
Environmental Safety, 38(2), 85-94.
https://doi.org/10.1006/eesa.1997.1566.

Habib, U. N. T., Abdel-Haleem, A. A., Omaima, M. M.,
& Eman, H. 1. (2018). Histological and ultrastructural
alternations in the digestive gland of the Egyptian slug,
Limax maximus (Linnaeus, 1758) treated with botanic
molluscicidal thymol, with reference to biological
studies. Egyptian Journal of Aquatic Biology &
Fisheries, 22(5), 137-148.

Halat, V. F., Berezovskyi, A. V., Soroka, N. M., & Prus,
M. P. (2004). Parazytolohiia ta invaziini khvoroby
tvaryn: Praktykum [Parasitology and invasive diseases
of animals: Workshop]. Vyshcha osvita, Kyiv, 238 [in
Ukrainian].

Hamed, S. S., Abdelmeguied, N. E., Essawy, A. E.,
Radwan, M. A., & Hegazy, A. E. (2007). Histological

of

191

and Ultrastructural Changes Induced by Two
Carbamate Molluscicides on the Digestive Gland of
Eobania vermiculata. Journal of Biological Sciences,
7,1017-1037.

DOI: https://dx.doi.org/10.3923/jbs.2007.1017.1037

Hamlet, S. A., Bensoltane, S.B., Djekoun, M., Yassi, F.,
& Berrebbah, H. (2012). Histological changes and
biochemical parameters in the hepatopancreas of
terrestrial gastropod Helix aspersa as biomarkers of
neonicotinoid insecticide exposure. African journal of
biotechnology, 11(96), 16277-16283.

Horalskyi, L.P., Khomych, V.T., & Kononskyi, O.I.
(2019).  Osnovy histolohichnoji  tekhniky i
morfofunktsionalni metody doslidzhennia u normi ta
pry patolohiji [Fundamentals of histological technique
and morphofunctional research methods in normal and
pathology]. Polissia, Zhytomyr [in Ukrainian].

Janssen, H.H. & Dallinger, R. (1991). Diversification of
cadmium-binding proteins due to different levels of
contamination inArion lusitanicus. Arch. Environ.
Contam. Toxicol., 20, 132—-137.

Kose, M., Eser, M., Kartal, K., & Bozkurt, M. F. (2015).
Infections of Larval Stages of Dicrocoelium
dendriticum and Brachylaima sp. in Brown Garden
Snail, Helix aspersa, in Turkey. The Korean Journal
of Parasitology, 53(5), 647-651.

Kotsakiozi, P., Pafilis, P., Giokas, S., & Valakos. E.
(2012). A comparison of the physiological responses
of two land snail species with different distributional
ranges. Journal of Molluscan Studies, 78(2),217-224.

Law of Ukraine "On the Protection of Animals from
Cruelty" dated February 21, 2006 No. 3447-1V, Kyiv,
Ukraine. https://ips.ligazakon.net/document/T063447

Ligaszewski, M., Lysak, A., & Mach-Paluszkiewicz, Z.
(2007). Reproductive performance of Helix pomatia
(Gastropoda: Pulmonata: Helicidae) and survival of its
hatchlings under farm conditions. American
malacological bulletin, 22, 1-6.

Ligaszewski, M., Przemystaw, P., Radkowska, 1., &
Lysak, A. (2016). Observations on the Maturation and
Development of a Roman Snail (Helix Pomatia,
Linnaeus, 1758) Population of Farmed Origin in
Natural Plots. Annals of Animal Science, 16(4), 1163—
1173. https://doi.org/10.1515/a0as-2016-0018

Ligaszewski, M., Surowka, K., & Stekla, J. (2009). The
Shell Features of Cornu aspersum (Synonym Helix
aspersa) and Helix pomatia: Characteristics and
Comparison. American  Malacological —Bulletin,
27(1/2), 173-181.

Lobo-da-Cunha, A. (2019). Structure and function of the
digestive system in molluscs. Cell and Tissue
Research, 377(3), 475— 503.

Léw, P., Molnar, K. & Kriska, G. (2016). Atlas of Animal
Anatomy and Histology. Berlin, GE: Springer
International Publishing House. doi:10.1007/978-3-
319-25172-1.

Mohammadein, A., EL-Shenawy, N. S., & AL-Fahmie, Z.
H. (2013). Bioaccumulation and histopathological
changes of the digestive gland of the land snail
Eobania vermiculata (Mollusca: Gastropoda), as
biomarkers of terrestrial heavy metal pollution in Taif
city. Italian Journal of Zoology, 80(3), 345-357.
https://doi.org/10.1080/11250003.2013.804957



Noothuan, N., Apitanyasai, K., Panha, S., &
Tassanakajon, A. (2021). Snail mucus from the mantle
and foot of two land snails, Lissachatina fulica and
Hemiplecta distincta, exhibits different protein profile
and biological activity. BMC Research Notes, 14, 138.
DOL: https://dx.doi.org/10.1186/s13104-021-05557-0

Nowakowska, A., Caputa, M. & Rogalska, J. (2006).
Seasonal changes in cryoprotectants concentrations in
HELIX POMATIA snails. Journal of Physiology and
Pharmacology, 57, 93—105.

Otitoloju, A. A., Ajikobi, D. O. & Egonmwan, R. L.
(2009). Histopathology and bioaccumulation of heavy
metals (Cu & Pb) in the giant land snail. Archachatina
marginata (Swainson). The Open Environmental
Pollution & Toxicology Journal, 2, 79-88.

Parvate, Y. A., & Thayi, L. (2017). Toxic effect of clove
oil on the survival and histology of various tissues of
pestiferous land snail achatina fulica. Journal of
Experimental Biology and Agricultural Sciences, 5(4),
492-505.

Paska M. Z., Radzimovska O. V. & Buriak M. 1. (2020).
Rozrobka novykh vydiv delikatesnykh produktiv
spetsialnoho  pryznachennia. = Naukovi  pratsi
Natsionalnoho universytetu kharchovykh tekhnolohii.
26 (5): 149-155 [in Ukrainian].
http://dspace.nuft.edu.ua/jspui/handle/123456789/325
78

Paszkiewicz, W., Ziomek, M., Szkucik, K., &
Mackowiak-Dryka, M. (2014). Production and quality
of snail meat. Medycyna weterynaryjna, 70 (11) , 673—
679.

Pefia, S. C., Pocsidio, G. N., & Co, E. L. (2017).
Histological Responses of Golden Apple Snail
(Pomacea canaliculata) to Copper. Philippine Journal
of Science, 146(3), 315-321.

Pirger, Z. S., Elekes, K., & Kiss, T. (2004). Functional
morphology of the salivary gland of the snail, helix
pomatia: a histochemical and immunocytochemical
study. Acta Biologica Hungarica, 55(1-4), 221-232.
DOL:https://doi.org/10.1556/abiol.55.2004.1-4.27

Rabitsch, W. (1996). Metal Accumulation in Terrestrial
Pulmonates at a Lead/Zinc Smelter Site in
Arnoldstein, Austria. Bull. Environ. Contam. Toxicol.,
56, 734-741.

Regulation Ne 2073/2005 of the European Union
Commission on microbiological criteria  for
foodstuffs, Brussels, Belgium, 2005.
http://data.europa.eu/eli/reg/2005/2073/0j

Rogers, S. H. & Reeder, R. L. (1987). Structure and
function of the spermatheca in a snail host of

192

schistosomiasis, Biomphalaria glabrata. J. Morphol.
Mar. 191(3), 295-308.

Rota, E., Barbato, D., Ancora, S., Bianchi, N., & Bargagli,
R. (2016). Papillifera papillaris (O.F. Miiller), a small
snail living on stones and monuments, as indicator of
metal deposition and bioavailability in urban
environments. Ecological Indicators, 69, 360-367.
https://doi.org/10.1016/j.ecolind.2016.04.024.

Rygato-Galewska, A., Zglinska, K., & Niemiec, T.
(2022). Edible Snail Production in Europe. Animals,
12, 2732. https://doi.org/10.3390/ani12202732

S.-Rozsa, K. (2002). Central representation of internal and
external sensory information in the CNS of Helix
pomatia L. and Lymnaea stagnalis L. Acta Biologica
Hungarica, 53(4), 559-573.

Sharaf H. M., Salama M. A. & Abd Elatt M. S. (2015).
Biochemical and histological alterations in the
digestive gland of the land snail helicella vestalis
(Locard, 1882) exposed to methiocarb and
chlorpyrifos in the laboratory. J. Cytol. Histol., 6, 327.
DOI:10.4172/2157-7099.1000327

Sherifa, S. H., Kabila, E. A., Essawy, A. E., Radwan, M.
A., & Hegazy, A. E. (2007). Histological and
ultrastructural changes induced by two carbamate
molluscicides on the digestive gland of FEohania
vertmculata. J. Biol Sei, 7 (6), 1017-1037.

Tluste, C. & Birkhofer, K. (2023). The Roman snail
(Gastropoda: Helicidae) is not a generalist herbivore,
but shows food preferences for Urtica dioica and plant
litter. Journal of Natural History, 57(13-16), 758-770.
DOI: 10.1080/00222933.2023.2203335

Yasmeen S. M. Abd El Mageed, Abd El Fattah Ali
Ghobashy, Maha F. M. Soliman, & Nahla S. El-
Shenawy. (2023). Potential of using land snails
(Eobania vermiculata and Monacha obstructa) for
monitoring the essential and non-essential heavy metal
in Ismailia city, Egypt,soil and sediment
contamination: 4n International Journal, 32(2), 231—
257. DOI: 10.1080/15320383.2022.2074369

Zubar, 1., & Onyshchuk, Y. (2020). Heliceculture as a
promising area of agricultural production. /nnovative
Economy, 33—41. DOI: 10.37332/2309-1533.2020.7-
8.5.

Zymantiene, J., Jukna, V., Jukna, C., Zelvyte, R., &
Oberauskas, V. (2008). Comparison of meat quality
characteristics between commercial pigs and snails.
Polish Journal of Food and Nutrition Sciences, 58(1),
23-26.



TECHNOLOGIES
OF ANIMAL
HUSBANDRY






