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Abstract 

Introduction: This study investigated the eggs of Polish-bred edible snails of the Cornu genus as a food and aimed to 

determine the presence of microorganisms in them of the Salmonella and Listeria genera and ascertain the number of coagulase-

positive staphylococci. Material and Methods: Raw material, semi-finished products, and the final product were collected during 

the production cycle. Testing for the presence of Salmonella spp. and Listeria spp. and measuring of the pathogenic staphylococci 

contamination level were carried out in accordance with ISO standards. Commercial biochemical tests were used for species 

identification of bacteria of the Enterobacteriaceae family and Staphylococcus genus. An API kit and a PCR protocol were utilised 

for species confirmation of the microorganisms of the Listeria genus. Results: Neither Salmonella nor coagulase-positive staphylococci were 

found in any of the studied material. Bacteria of the Listeria genus were found in samples taken at every stage of production; 

however L. monocytogenes was confirmed in samples of the final product. Conclusion: The absence of Salmonella spp. and 

Staphylococcus aureus in samples of the final product indicates that the required hygiene standard was maintained in the production 

process of edible snail eggs. Nevertheless, the presence of L. monocytogenes in eggs of common garden snails may pose a potential 

risk to consumer health. 
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Introduction 

Land snails of the Cornu genus (common garden 

snails) are popular edible molluscs. They yield edible 

material as meat and eggs. Due to constant consumer 

demand and economic advantages, the dominant 

resource is meat (12). The eggs of common garden 

snails, on the other hand, when not intended for hatching 

are exploited for the production of a caviar substitute 

known as “white caviar”. These salted eggs constitute  

an alternative to caviar and due to their limited production, 

sensory and nutritional value, and relatively high price, 

they are regarded as an exclusive delicacy (4, 5, 6). 

Diverse bacterial diseases of snails of the Cornu 

genus can be the cause of biological contamination of 

the raw material, at the same time affecting its food 

suitability and the safety of the final products for their 

consumers’ health. 

One of the main microbiological criteria used in 

assessing the safety of individual types of food is the 

detection of no Salmonella in 25 g of the final product. 

The natural occurrence of bacilli of Salmonella in the 

environment of common garden snail farms and in the 

production area necessitates studies on the occurrence of 

these bacteria in the entire production chain of edible 

eggs of this species. According to Regulation (EC) 

2073/2005 (2), the only food safety criterion applying to 

consumable eggs of common garden snails (ready-to-eat 

foods) concerns Listeria monocytogenes, for which two 

limits have been established: that L. monocytogenes is 

undetectable in 25 g or its content is lower than 100 CFU/g. 

Another microorganism frequently isolated from  

both healthy and diseased common garden snails is 

Staphylococcus aureus. Coagulase-positive staphylococci 

contamination assessment of samples of the material 

taken at every stage of the caviar substitute production 

process will allow the safety of this type of food and the 

hygiene conditions of its production to be evaluated.  

The available literature lacks data regarding the 

microbiological quality of caviar substitute produced 

from eggs of common garden snails. 

The aims of this study were to determine the 

occurrence of microorganisms of the Salmonella and Listeria 

genera and assess the number of coagulase-positive 
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staphylococci in raw eggs (harvested from two edible 

subspecies of common garden snails of the Cornu genus 

bred in Poland), semi-finished products, and the final 

product (substitute caviar) obtained from these eggs. 

Material and Methods 

Material for the study consisted of 50 samples taken 

at three stages of the snail caviar production cycle, 

namely raw material (20 samples), semi-finished 

product (20 samples), and final product (10 samples). 

The raw material included eggs of two subspecies of 

edible snails: the small common garden snail (Cornu 

aspersum aspersum), and the large common garden snail 

(Cornu aspersum maxima). The eggs were harvested 

directly after being laid by the snails into breeding cups 

filled with soil. The semi-finished product consisted of 

eggs of both subspecies that underwent initial processing 

in the form of manual segregation and repeated rinsing 

with cold water. The final product, i.e. caviar substitute 

marketed under the name of “Snail Eggs”, was a small 

glass jar containing 50 g of processed eggs of both snail 

subspecies of the Cornu genus. Immediately after 

collection, the samples were transported under cold 

storage conditions (at a temperature of 0°C to +4°C) to 

a laboratory, where tests for determining the presence of 

Salmonella, Listeria monocytogenes, and the number of 

coagulase-positive staphylococci were performed. 

Microbiological analysis. The procedure for the 

detection of Salmonella was based on the protocol 

described in the PN-EN ISO 6579-1:2017 standard (14). 

Non-selective enrichment was carried out in buffered 

peptone water (catalogue no. PS52, BioCorp, Warsaw, 

Poland), and selective enrichment by using Rappaport–

Vassiliadis soy broth (catalogue no. PS65, BioCorp), 

and Mueller–Kauffman tetrathionate medium with 

novobiocin and brillant green broth base (catalogue  

no. PS147, Biocorp). The following step used selective 

agar growth media with xylose and lysine (X.L.D.  

LAB-AGAR, catalogue no. PS45, Biocorp) and with 

brilliant green and phenol red (B.G.A. LAB-AGAR, 

catalogue no. PS98, Biocorp). The biochemical profile 

of the isolated strains was based on their ability or 

inability to ferment glucose, lactose, and saccharose, 

produce H2S (triple sugar iron LAB-AGAR, catalogue 

no. PS44, Biocorp) and urease (urea LAB-AGAR, 

catalogue no. PS211, Biocorp), and decarboxylate lysine 

(catalogue no. P-0129; BTL, Łódź, Poland). Optional 

tests were also performed to determine the ability to 

produce β-galactosidase using an O-nitrophenyl-beta-D-

galactopyranoside (ONPG) test with an ONPG disc 

(catalogue no. DD 0013, Oxoid, Basingstoke, UK), and 

the ability to produce indole, assayed with peptone water 

with tryptophan (catalogue no. P-0078, BTL) and 

Kovacs reagent (catalogue no. C-018, BTL). In addition, 

an ENTEROtest 24N commercial identification kit 

(catalogue no. 10020290, Erba Lachema, Brno, Czech 

Republic) was used to identify bacteria from the 

Enterobacteriaceae family in a Multiskan EX automatic 

microplate reader (catalogue no. 1507300, Thermo 

Fisher Scientific, Vantaa, Finland) and with TNW  

Pro Auto 6.5 software (catalogue no. 50002056, Erba 

Lachema). 

The detection procedure for Listeria monocytogenes 

was carried out in accordance with the PN-EN  

ISO 11290-1:2017 standard (13). Primary enrichment 

was conducted using half Fraser broth (catalogue  

no. PS100, Biocorp), and secondary enrichment using 

Fraser broth (catalogue no. PS101, Biocorp). Agar 

Listeria according to Ottaviani & Agosti growth medium 

(chromogenic Listeria LAB-AGAR, catalogue  

no. PS165, Biocorp) and Oxford medium (Oxford LAB-

AGAR, catalogue no. PS104, Biocorp) were used as 

selective media. The isolated microorganisms were 

classified as belonging to the Listeria genus, based  

on their typical morphological features (they were 

Gram-positive bacilli), positive results of catalase tests 

(H2O2, catalogue no. 118851934, Chempur, Piekary 

Śląskie, Poland), and motility (medium for testing 

movement ability of bacteria, catalogue no. P-0238, 

BTL). The next step involved determining the 

haemolytic properties of the strains (Columbia  

LAB-AGAR base, catalogue no. PS06, Biocorp) and 

their ability to ferment xylose and ramnose (xylose and 

ramnose broth, catalogue nos. 3000 and 3001, Biocorp). 

For the purpose of biochemical identification of bacteria 

from the Listeria genus an API Listeria kit (catalogue 

no. 10300, bioMérieux, Marcy-l’Étoile, France) was 

used in accordance with the manufacturer’s instructions. 

Additionally, to confirm the presence of L. monocytogenes, 

a PCR technique was introduced. The procedure entailed 

the use of a DNA-Genomic Mini AX bacteria isolation 

kit (catalogue no. 060-60, A&A Biotechnology, Gdynia, 

Poland), a Listeria monocytogenes amplification PCR 

kit (catalogue no. K 069, Genekam Biotechnology, 

Duisburg, Germany), and Serva agarose gel (catalogue 

no. 11404, Serva Electrophoresis, Heidelberg, 

Germany). The electrophoretic separation was carried 

out in a 15-well Mini-Sub Cell GT System horizontal 

electrophoresis device (Bio-Rad Laboratories, Hercules, 

CA, USA) using a DNA Marker 1 size marker (from  

100 to 1000 bp) (catalogue no. 3000-500, A&A Biotechnology, 

Gdynia, Poland). 

The level of pathogenic staphylococci contamination 

was determined according to the method described in the 

PN-EN ISO 6888-1:2001 standard (15). The procedure 

involved the use of Baird-Parker LAB-AGAR growth 

medium (catalogue no. PS33, Biocorp), brain heart infusion 

broth LAB-AGAR, (catalogue no. PS04, Biocorp) and 

rabbit coagulase plasma (catalogue no. PL.850-3,  

Pro-Lab Diagnostics, Bromborough, UK) in order to assess 

the possibility of coagulase production by the isolated 

strains. Finally, a STAPHYtest 24 commercial biochemical 

kit (catalogue no. 10010233, Erba Lachema) was used 

to identify the Staphylococcus species. 

Statistical analysis. The obtained results were 

analysed statistically with SAS Enterprise Guide 5.1 
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(SAS Institute, Cary, NC, USA) and expressed as 

arithmetic means and standard deviation. The normal 

distribution in each group was examined with the 

Shapiro–Wilk test. Levene’s test determined the 

homogeneity of their variance. The influence of each 

variability factor on the determined parameters was 

established using the one-way analysis of variance 

(ANOVA) for groups for which the assumption of 

homogeneous variances was fulfilled, and Tukey’s test 

was used as post-hoc analysis. Statistical significance 

was assumed at P ≤ 0.05. 

Results  

Bacilli of the Salmonella genus were not found in 

any of the 25 g samples of raw material, semi-finished 

products, or samples of the final “Snail Eggs” product of 

either snail species. 

Bacteria of the Listeria genus were found in 25 g 

samples taken at every stage of caviar substitute 

production. The origin species and number of common 

garden snail egg samples that contained Listeria spp. are 

presented in Table 1. 

 
Table 1. The origin species and number of common garden snail egg 

samples in which Listeria spp. were detected 
 

 
Raw  

material 

Semi-finished 

 product 

Final product  
“Snail Eggs”  

(n=10) 

CAA eggs (n=10) 4 8 
8 

CAM eggs (n=10) 0 9 
 

CAA – Cornu aspersum aspersum (small common garden snail); 
CAM – Cornu aspersum maxima (large common garden snail) 

 

 
Table 2. Level of contamination log10 (CFU/g) with bacteria of the 

Staphylococcus genus in common garden snail eggs, depending  
on production stage and origin species 
 

 
Raw  

material 
Semi-finished  

product 

Final product  

“Snail Eggs”  

(n=10) 

CAA eggs 

(n=10) 
4.27 ± 0.01 4.17 ± 0.03 

Not  

detected CAM eggs 
(n=10) 

4.29 ± 0.004 4.14 ± 0.03 

 

CAA – Cornu aspersum aspersum (small common garden snail); 
CAM – Cornu aspersum maxima (large common garden snail) 

No significant differences emerged between the eggs from the two 

snail subspecies nor between the product categories, P < 0.05 

 

In the raw eggs of the common garden snail, 

Listeria bacteria were found in 4 samples from the small 

common garden snail (CAA), whereas in 10 samples  

of raw large common garden snail eggs (CAM)  

no occurrence of this microorganism was confirmed. In 

the CAA semi-finished product, Listeria spp. were 

confirmed in 8 samples, and in the CAM semi product 

in 9 samples. Samples of the final product revealed 

Listeria spp. in 8 out of 10. 

Based on the biochemical test using the API 

Listeria kit, Listeria monocytogenes was confirmed only 

in six samples of the final product in which 

microorganisms of the Listeria genus had initially been 

detected. Strains isolated from one of these six samples 

of the final product were subjected to PCR analysis, 

which confirmed that they belonged to the L. monocytogenes 

species. In the remaining samples of the final  

product, the API Listeria test confirmed the presence of 

L. innocua. There was no L. monocytogenes found in 

raw product or semi-finished product samples; however, 

L. innocua was demonstrated in these samples. 

The number of Staphylococcus bacteria in raw 

product, semi product, and final product samples is 

presented in Table 2. The average number of these 

bacteria in samples of raw product from both origin 

species was 1.98 × 104 CFU/g (4.28 log CFU/g), and in 

the semi-finished product this number varied between 

1.4 × 104 and 1.5 × 104 CFU/g (4.14–4.17 log CFU/g). 

There were no statistically significant differences in the 

level of Staphylococcus contamination between the raw 

material and semi-product either from CAA or from 

CAM snails. Moreover, no statistically significant 

differences were found in terms of the number of 

staphylococci between the CAA raw material and the 

CAM raw material. Similarly, the species of snail did not 

influence the level of semi-product contamination with 

these microorganisms. In addition, Staphylococcus spp. 

were not detected in the samples of the final product. 

Only coagulase-negative strains were isolated from the 

samples of raw and preliminarily processed common 

garden snail eggs. The commercial STAPHYtest 24 

biochemical kit most often confirmed the presence of  

S. epidermidis and S. lentus in raw product samples, 

whereas in semi-product samples S. warneri and  

S. lentus were the most prevalent species. 

Discussion  

Bacilli of Salmonella are considered a natural 

component of the microbiota of the environment of 

farms and production areas of common garden snails and 

are therefore a health hazard to people (18). These 

bacteria were found in 84 of 270 examined samples of 

raw meat of farmed snails of the Cornu genus that came 

from Morocco, and among the isolated serotypes the 

dominant ones were: S. Gatuni, S. Montevideo,  

S. Newport, and S. Bredeney (1). On the other hand, 

other authors are of the opinion that controlled breeding 

of common garden snails decreases the possibility of 

occurrence of these pathogens in raw snail meat  

(9, 10). It was confirmed by the studies performed by 

Parlapani et al. (9), who isolated Salmonella only from 

the raw meat and bowels of common garden snails living 

in the wild. 

In the authors’ own research, the presence of 

Salmonella was not confirmed in the eggs of common 

garden snails of the Cornu genus at any studied stage of 

the production cycle. Nunes Almeida (8) arrived at 

similar results, having not isolated these microorganisms 
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from an analogous final product by the name of “Caviar 

Pérola”. Importantly, studies performed in the 1990s 

assessing the health status of common garden snails 

detected Salmonella in raw eggs of snails belonging to 

Cornu species (16). These microorganisms were also 

isolated from diseased snails during their breeding 

period, and together with the Streptococcus spp. and 

Arcanobacterium spp. were considered to be opportunistic 

bacteria of common garden snails (7). 

The present research results suggest that the 

procedures of the caviar substitute production process do 

not guarantee inactivation of L. monocytogenes in the 

final product ready for human consumption. 

Nonetheless, it should be noted that the results of studies 

performed by other authors did not confirm the presence 

of L. monocytogenes in the final product (8). The 

absence of this microorganism in samples of raw 

common garden snail egg does not exclude the 

possibility of its occurrence in the soil used to fill the 

breeding cups, which may constitute the primary source 

of contamination of the environment of the processing 

plant and, indirectly, of the final product. Literature data 

confirm that Listeria spp. is a regular component of the 

microflora naturally occurring in the farming 

environment of snails of the Cornu genus and, therefore 

it should be considered a potential hazard to consumer 

health (10). 

Previous studies recognised Staphylococcus aureus 

as the most common bacterium causing disease in 

common garden snails (7). This microorganism was also 

isolated from breeder snails which did not show any 

visible symptoms of the disease (7). The sources of 

pathogenic bacteria, including staphylococci which pose 

a threat during not only the breeding period but also the 

entire farming cycle, are sites of deficient hygiene in the 

snails’ environment, and rodents, flies, and other insects 

(3). Therefore, it is vital to implement proper 

prophylaxis against bacterial diseases principally in 

measures to disinfect the rooms, tools, tables, and crates 

used for breeding snails. It is also pivotal to maintain 

cleanliness during the production process of common 

garden snail eggs and, most importantly, to purchase 

healthy breeder snails with appropriate documentation 

confirming their health status. No pathogenic staphylococci 

were confirmed in the raw meat of the snails of the 

Cornu genus (18), and among the strains which were 

isolated from the meat, the dominant ones were 

coagulase-negative, such as S. epidermidis, S. warneri 

and S. haemolyticus (11). Similarly, the authors’ own 

research regarding the contamination of common garden 

snail eggs did not confirm the presence of coagulase-

positive staphylococci, and the most frequently isolated 

strains in this instance also included S. epidermidis and 

S. warneri, a third being S. lentus. The absence of  

S. aureus in the consumption-ready product was also 

confirmed in studies performed by other authors (8). As 

is evident from data in the literature, an increase in 

staphylococci contamination is noted after every 

production stage in which processing of snail meat 

requires manual operations (17). Such a situation may 

also pertain during the manual production of 

consumable snail eggs. However, our research did not 

confirm this thesis, which may indicate that the 

appropriate hygiene standard was carried through the 

production process. 

In conclusion, Salmonella and Listeria bacteria are 

present in the habitat of edible common garden snails of 

the Cornu genus and therefore may constitute a potential 

health hazard to the consumer. The absence of bacilli 

from the Salmonella genus in the studied material 

indicates a high hygiene standard both at the stage of 

farming of common garden snails and during the 

harvesting and processing of their eggs. According to 

Regulation (EC) 2073/2005 (2), the only safety criterion 

for the studied caviar substitute has regard to Listeria 

monocytogenes, for which the established standard is the 

detection of none of the microorganism in 25 g of the 

product or its concentration below 100 CFU/g. 

However, since the presence of this bacterium was 

demonstrated in a sample of the final product, it seems 

justified to use the criterion of the number of bacteria 

instead of their presence. An appropriately hygienic 

process for the production of this caviar substitute was 

confirmed by the absence of coagulase-positive 

staphylococci (Staphylococcus aureus) in the studied 

material. 
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