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Abstract 

Introduction: Heat treatment is indispensable in fish canning to provide an acceptable shelf life. Its optimisation reduces 

the risk of the presence of Clostridium botulinum spores, which could potentially cause botulism cases. This study evaluated 

canned fish samples for botulism neurotoxin (BoNT)-producing clostridia contamination and can bulging through 

microbiological contaminant growth. A new analytical approach was developed for detection of such clostridia and 

phenotypically similar species. Material and Methods: A total of 70 canned fish samples suspected of exhibiting bulging 

features were analysed. Culture methods were used to detect clostridia. The isolates obtained were evaluated on the basis of the 

exhibited phenotypic characteristics. Also, PCRs were used for the detection of genes determining BoNT production (non-toxic 

non-haemagglutinin (ntnh) genes) and the amplification of conservative 16S rDNA genes, which were Sanger sequenced. The 

obtained sequences were analysed using the Basic Local Alignment Search Tool. Results: Clostridium genus species were 

isolated from 17 (24%) bulging and organoleptically changed samples. No ntnh genes were present in these isolates; however, 

sequencing confirmed the presence of C. sporogenes, a species with close affinity to C. botulinum. Conclusion: To  eliminate the 

threat of foodborne botulism, laboratory diagnostic techniques must detect species of the Clostridium genus and elucidate their 

ability to produce BoNTs. Although Clostridium botulinum is the most common cause of botulism, the possibility may not be 

ignored that non-pathogenic Clostridium species may acquire botulinum toxigenicity. The similarity between the isolated strains 

of C. sporogenes and C. botulinum should be incorporated in the optimisation of heat treatment to guarantee a sterilised, 

microbiologically safe product. 
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Introduction 

The susceptibility of raw fish to biophysical, 

chemical and microbiological changes makes necessary 

the use of effective thermal preservation methods such 

as pasteurisation and sterilisation in order for a retail 

product to be offered with acceptable spoilage time. 

Correctly conducted sterilisation of canned fish should 

inactivate microflora and ensure sterility, and 

consequently, consumer safety (12). As a result of heat 

treatment, in addition to achieving an appropriate shelf 

life of the product, organoleptic and other quality 

characteristics are changed (1, 2). Optimisation of the 

temperature and time parameters of the process 

preserves the desired nutritional values and reduces the 

risk of underheating failing to prevent the growth of 

resistant microflora, especially pathogenic or 

potentially pathogenic strains of Clostridium spp. (12).  

The risk exists of the occurrence of botulinum 

neurotoxin (BoNT)-producing clostridia, particularly  

C. botulinum – the cause of foodborne botulism. Based 

on physiological differences and 16S rRNA gene 

sequences, strains of this pathogen have been divided 

into four metabolic groups: group I includes all type-A 

strains and proteolytic type-B and -F strains, group II 

all type-E strains and non-proteolytic type-B and  

-F strains, group III consists of type-C and -D strains 

and group IV of type-G strains. These groups are 

related to other species considered non-toxigenic:  

C. sporogenes and the recently described C. tepidum 
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are considered related to group I; C. beijerinckii,  

C. butyricum and C. taeniosporum to group II; C. novyi 

to group III; and C. subterminale and C. schirmacherense 

to group IV (10, 11, 27, 37). These neurotoxins 

produced by Clostridium species are the most potent 

natural toxins yet identified. Classically, the toxic 

neurological syndrome is characterised in all forms by 

acute symmetrical descending flaccid paralysis. When 

botulism is described as a clinical syndrome, the typical 

description refers to the foodborne form. The 

laboratory diagnosis of foodborne botulism is based on 

the detection of BoNTs or BoNT-producing clostridia 

in clinical specimens or food samples and the 

obligation to identify the BoNT involved is usually 

attached to the laboratory’s task. Foodborne botulinum 

intoxication is often underdiagnosed; the initial 

symptoms can be confused with more common clinical 

conditions (e.g. stroke, myasthenia gravis, the Miller–

Fisher variant of Guillain–Barré syndrome, Lambert–

Eaton syndrome, tick paralysis or shellfish or 

tetrodotoxin poisoning (15). Moreover, effective 

inactivation of bacterial spores through the use of heat 

treatment can be challenging because of the high heat 

resistance of the endospores of some species, such as 

C. sporogenes. This species shows close affinity with 

proteolytic C. botulinum strains belonging to group I 

and is usually not able to produce BoNTs. The 

proteolytic nature of C. sporogenes and its ability to 

produce spores that show greater resistance to high 

temperatures than those of C. botulinum may cause the 

faster spoilage of food products contaminated with this 

species, and this poses a potential threat to public 

health (6, 7). Clostridia naturally inhabit the marine and 

freshwater sediments of wetlands, rivers, and lakes; 

therefore, the possibility of its occurrence in 

unprocessed fish seems to be relatively high. 

Consequently, the risk of primary or secondary 

contamination of canned products is also relatively 

high. Compliance on the manufacturer’s part with the 

appropriate hygiene requirements and maintenance of 

adequate sterilisation parameters in line processing are 

essential. Inadequate sanitary and hygiene conditions 

may fail to prevent contamination of canned fish 

products by pathogens or extremely resistant 

Clostridium spp. bacteria. The anaerobic conditions  of 

the canning process create a favourable environment 

for the germination of Clostridium spores, causing their 

transition into the vegetative form and subsequent toxin 

production (8, 14). 

The first aim of this study was to determine the 

risk associated with the possibility of BoNT-producing 

clostridia in canned fish samples which had previously 

been submitted to a sterilisation process. The second 

aim was to evaluate the impact of these clostridia on the 

safety of the product intended to be provided by production 

line processing. In order to recognise this problem,  

an advanced molecular biology method was used for 

detection and characterisation of Clostridium spp. anaerobes. 

Material and Methods 

Canned fish samples. The study was carried out 

on 70 samples of canned fish suspected of showing 

features of bulging, taken from warehouse to check the 

microbiological sterility of the questioned products and 

sent to the National Veterinary Research Institute 

(NVRI) in an official animal-origin food safety 

monitoring programme conducted by the Veterinary 

Inspectorate in Poland. The following 14 production 

batches were used: 5 batches comprising 25 samples of 

herring in tomato sauce, designated P1–P2, P6–P7, and 

P13; and 9 batches comprising 45 samples of sprat in 

tomato sauce, designated P3–P5, P8–P12, and P14. All 

canned products, as declared by the manufacturer, were 

subjected to heat treatment at 117°C with an sterilisation 

value F0>10. In the five batches of canned products 

P6–P10, can bulging was observed. Organoleptic 

changes were also noted, i.e. a disagreeable odour and 

atypical consistency of the can contents. The distribution 

of substandard organoleptic quality among the batches is 

presented in Fig. 1. 

 
Fig. 1. Canned fish by batch exhibiting bulging and organoleptic changes  
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Culture. A 10g mass was taken from each canned 

fish sample and inoculated into 90 mL of trypticase-

peptone-glucose-yeast extract (50 g/L casein enzymic 

hydrolysate, 5 g/L peptic digest of animal tissue, 20 g/L 

yeast extract, 4g/L dextrose, 1g/L sodium thioglycolate, 

pH 7.0 ± 0.2) at 25°C. In addition, 1 g of material from 

each sample was inoculated into medium according to 

Wrzosek (40): 1 L liver extract, 10 g/L peptone, 5 g/L 

sodium chloride, 5 g/L glucose, 3–4 beef liver cubes. 

The inoculum was prepared in duplicate, one of which 

was heat treated at 70°C for 15 min (in order to 

inactivate the vegetative microflora and stimulate 

potential germination). Subsequently, the inocula 

prepared in this way were subjected to incubation  

at 37℃ for 48 h under anaerobic conditions, which 

were obtained using anaerobic jars, anaerobic 

atmosphere–generating sachets (AnaeroGen; Thermo 

Scientific, Waltham, MA, USA) and test strips to detect 

an anaerobic atmosphere (Merck Millipore, Darmstadt, 

Germany). At the end of this period, the growth of the 

tested microflora was assessed by visual evaluation of 

the turbidity and gas production. 

In the next step, approximately 10 µL of the 

macroscopically evaluated liquid cultures (with visible 

turbidity changes and gas production) was spread on 

two varieties of agar. One was Willis–Hobbs agar: 10 g 

of peptic digest of animal tissue, 10 g/L meat extract,  

5 g/L sodium chloride, 12 g/L lactose, 0.032 g/L 

neutral red, 10 g/L skim milk powder, 2 g of yolk 

powder, 10 g/L agar pH 7.0 ± 0.2 at 25°C. The second 

was fastidious anaerobe agar (FAA): 23 g/L peptone,  

5 g/L sodium chloride, 1 g/L soluble starch, 0.4 g/L 

sodium bicarbonate, 0.5 g/L L-cysteine hydrochloride 

hydrate, 0.25 g/L sodium pyrophosphate, 1 g/L  

L-arginine, 0.5 g/L sodium succinate, 0.01 g/L haemin, 

0.001 g/L vitamin K, 2g of egg yolk powder, 12 g/L 

agar pH 7.2 ± 0.2 at 25°C (28). The prepared plates 

were incubated anaerobically at 37°C for 48 h. The 

obtained colonies were evaluated for their size, shape, 

and lipolytic, lecithinolytic, and proteolytic features.  

Bacterioscopic preparations of the colonies stained 

with the Gram method were examined under a BX53 

biological microscope, and visualised in cellSens 

Standard software (Olympus, Tokyo, Japan) (3). 

DNA isolation. DNA was isolated from 1 mL of 

liquid cultures and selected colonies obtained from agar 

plates. The extraction of the genetic material was 

carried out using a Genomic Mini AX Bacteria kit 

(A&A Biotechnology, Gdynia, Poland) according to 

the manufacturer’s instructions. The amount of DNA 

used in the PCR reaction varied between 1 and 25 ng. 

The extracted DNA was directly analysed or frozen  

at −20°C to be preserved for further studies. 

Detection of the ntnh gene by real-time PCR.  

A method based on a real-time PCR was used, which 

amplified a fragment of the ntnh gene. This gene 

determines the production of the non-toxic non-

haemagglutinin component (NTNH), which is common 

to all types of toxic Clostridium strains capable of 

producing botulinum toxins. A set of seven primers and 

a TaqMan probe were used for detection of the ntnh 

gene as described by Raphael and Andreadis (25). The 

reaction mixtures constituted of 5 µL of DNA, 4 µL of 

LightCycler TaqMan Master (Roche, Basel, 

Switzerland), 0.7 µM of each primer and 0.24 µM of 

NTNH410 TaqMan probe. The real-time PCR was 

performed on a LightCycler 2.0 thermocycler (Roche, 

Basel, Switzerland) and the following temperature 

profile was used: initial denaturation at 95°C for  

10 min and 40 cycles of denaturation at 95°C for 15 s, 

annealing at 42°C for 15 s and elongation at 55°C for  

1 min. The fluorescence signal was captured in each 

cycle at the elongation step. As the control samples, 

DNA isolated from the following reference strains was 

used: C. botulinum National Collection of Type 

Cultures (NCTC) 887 (type A), C. botulinum NCTC 

3815 (type B), C. botulinum NCTC 8266 (type E) and 

C. botulinum NCTC 10281 (type F). 

Detection of Clostridium strains by 16S rDNA 

amplification and Sanger sequencing. Undetermined 

Clostridium isolates were subjected to identification  

at the species level using a PCR method amplifying the 

conserved 16S rDNA genes according to the 

methodology described by Vaneechoutte et al. (36). 

Each reaction mixture was 25 µL in volume and was 

constituted of 5 µL of DNA from a Clostridium sp. 

isolate, 2.5 µL of 10× Taq Buffer with KCl (Thermo 

Fisher Scientific, Waltham, MA, USA), 4mM of 

MgCl2, 200 μM of dNTP, 0.3 μM of each primer and 

1.25 U/25 μL of Taq polymerase. Each reaction was 

carried out on a Biometra T1 thermocycler (Biometra, 

Gottingen, Germany) and proceeded through these 

steps: an initial denaturation at 95°C for 5 min was 

followed by 35 cycles including denaturation at 95°C 

for 45 s, annealing at 55°C for 1 min, and extension  

at 72°C for 2 min. The cycling step was followed by 

final strand elongation at 72°C for 10 min. The length 

of the obtained amplicons (about 1,500 bp) was 

verified on agarose gel, and these amplicons were 

Sanger sequenced by Genomed (Warsaw, Poland). The 

results provided in FASTA files (a text-based format 

for representing either nucleotide sequences) were 

analysed using the BLAST (Basic Local Alignment 

Search Tool) algorithm available in the National Center 

for Biotechnology Information (NCBI) bioinformatics 

tools. The aim of the analysis was to determine the 

similarity between the obtained amplicons and the  

16S rDNA sequences available in the NCBI database. 

Electrophoresis of PCR products. Agarose gels 

were prepared at a concentration of 2% in 1 × Tris-

acetate-ethylenediaminetetraacetic acid and rendered 

visible with SimplySafe nucleic acid stain (EURx, 

Gdansk, Poland). Electrophoretic separation was 

carried out for 1.5 h at 100 V. The length of obtained 

products expressed in base pairs (bp) was evaluated 

using GeneRulerTM100 bp DNA Ladder Plus (Thermo 

Fisher Scientific).  
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Fig. 2. Canned fish samples by batch in which the presence of anaerobes was revealed 
 

 

Table 1. Results of the 16S rDNA gene identification of isolates from canned fish 
 

Amplicon sample Sequence ID % Similarity Similar sequence from the GenBank database 

S1 MT356160.1 98.40 Clostridium sporogenes strain SM5 16S rRNA 

S2 MT356160.1 99.25 Clostridium sporogenes strain SM5 16S rRNA 

S3 MT356160.1 99.15 Clostridium sporogenes strain SM5 16S rRNA 

S4 MT356160.1 99.43 Clostridium sporogenes strain SM5 16S rRNA 

S5 MT356160.1 99.32 Clostridium sporogenes strain SM5 16S rRNA 

S6 MT356160.1 99.51 Clostridium sporogenes strain SM5 16S rRNA 

 
 

 
 
Fig. 3. Isolated Gram-positive Clostridium bacteria with subterminal spores 

Results 

Identification of isolated strains. Anaerobic 

Clostridium spore-forming rods were found in 17 

samples (24%). The growth of round colonies with 

regular shapes exhibiting lipolytic properties was 

observed on Willis–Hobbs and FAA agars. Gram-

stained bacterioscopic slides showed the presence of 

Gram-positive spore-forming bacilli  typical of the 

genus Clostridium (Fig. 3). In most cases, strains were 

isolated from canned food samples in which bulging 

and organoleptic changes were observed (Fig. 2). 

Real-time PCR analysis results. Analysis of 

DNA extracted from isolated strains from liquid culture 

and agar media did not reveal the presence of the ntnh 

gene in canned fish samples. Positive analysis results 

were obtained only for the C. botulinum NCTC 887,  

C. botulinum NCTC 3815, C. botulinum NCTC 8266 

and C. botulinum NCTC 10281 reference strains. 

Results of 16S rDNA gene sequencing of 

Clostridium genus isolates. Analysis of the amplicon 

sequencing results using the BLAST bioinformatics 

tool revealed the presence of bacteria in the canned fish 

samples which were genetically similar to C. sporogenes. 

The percentage of similarity between the obtained 

amplicon sequences and those deposited in the NCBI 

database ranged from 98.4% to 99.5% (Tab. 1). 

Discussion 

Thermal sterilisation is one of the most commonly 

used methods of heat treatment, and it guarantees the 

commercial sterility of food products at a high level of 

microbiological safety. Optimisation of this technological 

process requires consideration of a number of key 

factors, such as the specific microflora liable to be 

present and their thermal resistance, the physical 

properties of the raw materials used in the production 

process, the intended physical properties of the end 

product after packaging, and the pH value during the 

process, on which the development of microorganisms 
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largely depends (35). Despite optimising the sterilisation 

process, there are still incidences of thermoresistant 

microflora of the Clostridium genus in canned 

products, resulting in particular from improperly 

conducted thermal processing and failure to achieve the 

required minimum sterilisation value F0  ≥  3 (24, 26). 

Determination of the F0 value enables the temperature 

and time of the canned food heat treatment to be 

specified so as to eliminate microbiological hazards in 

the shortest possible exposure of the product to high 

temperature (9). 

The obtained isolates showed morphological 

features characteristic of strains of C. botulinum, 

although the results of 16S rDNA analysis indicated the 

presence of sequences characteristic of C. sporogenes. 

The absence of the ntnh gene determining 

toxinogenicity was noted. Literature reports point to the 

occurrence of microbiological contamination in food 

caused by the presence of highly heat resistant species 

of Clostridium, including C. sporogenes (32, 33, 34). 

The ability to produce BoNTs is primarily inherent in 

pathogenic species such as C. botulinum; several 

species are to be regarded as botulinum toxigenic and 

considering BoNT-producing clostridia as a single 

species is now only a historical notion. Significant 

progress has been made in understanding the structure 

and function of clostridial neurotoxins. As 

demonstrated by the scattered phyletic distribution of 

neurotoxin-producing clostridia and the sequence 

similarities between different neurotoxin gene clusters, 

genes appear to have undergone significant horizontal 

transfers between different species of Clostridium.  

Active botulinum toxin forms a component of the 

protoxin complex, which also contains haemagglutinin 

and NTNH. The conversion of inactive BoNT to the 

toxic form occurs by the release of active toxin from 

the protoxin complex due to the activity of proteolytic 

enzymes produced by bacterial strains and host-derived 

enzymes (4, 20, 27). The genes encoding botulinum 

neurotoxin are a component of a gene cluster that also 

includes non-toxic components that ensure BoNT 

stability, among them the gene encoding NTNH, the 

presence of which is associated only with toxic species 

(13, 21, 39). The bont genes are primarily located in 

chromosomes and can be carried by mobile elements 

such as plasmids, whereas these genes are transported 

by bacteriophages in species belonging to group III,  

a difference serving to distinguish  this group (30, 31). 

Research carried out in recent years has shown 

that C. sporogenes not only shows phenotypic 

similarity to the toxic C. botulinum, but also may 

produce botulinum neurotoxin by itself, being  

an epidemic agent responsible for botulism in humans 

(6, 18). This threat emanates from the possibility of 

horizontal transfer of genes determining the production 

of botulinum neurotoxin between species of  

C. botulinum group I and C. sporogenes (6, 17, 38). 

Strains of C. botulinum in group I (and to a lesser 

extent C. sporogenes) are a major cause of the three 

most frequent types of botulism in humans (foodborne, 

infant and wound botulism) and are also responsible for 

botulism in animals. Foodborne botulism is a severe 

and often lethal neuroparalytic intoxication that can be 

caused by the consumption of as little as 50 ng of 

botulinum neurotoxin. Destruction of the spores of  

C. botulinum group I is the aim of the botulinum cook 

(121°C / ≥ 3 min) given to low-acid canned foods. 

Foodborne botulism outbreaks have been associated 

with a failure to apply the botulinum cook to canned or 

bottled foods, and also with the temperature abuse of 

products intended to be stored chilled. The commercial 

implications of foodborne botulism outbreaks can be 

significant, and continued extreme vigilance is 

important to ensure that the incidence of the disease is 

minimised (6). 

Despite the possibility of C. sporogenes strains 

acquiring toxigenic features, most cases of botulism 

occurring due to food contamination are associated with 

the presence of C. botulinum strains. The pathogenic 

nature of C. sporogenes may cause serious problems 

such as can bulging and organoleptic changes. Its 

similarity to C. botulinum makes it an excellent model 

organism for optimisation of sterilisation processes for 

adequate reduction of the risk of food contamination 

with C. botulinum spores (16, 23). One measure for 

ensuring food safety is using appropriate prognostic 

models of potential C. botulinum growth and toxin 

production during processing. However, these models 

are subject to a margin of error, which is why 

conducting microbiological challenge tests also plays 

an important role in minimising the danger of canned 

food botulinal contamination. Given the threat posed by 

the pathogenicity of C. botulinum, it is recommended to 

perform challenge tests using surrogates with properties 

identical to those exhibited by the pathogen except for 

the ability to produce botulinum toxins. The use of 

surrogate organisms makes it possible to determine the 

optimal conditions for preventing the growth of  

C. botulinum, thus providing a more reliable way  

of manufacturing products free of microbiological  

hazards (22). 

Laboratory detection and identification of  

C. botulinum and phenotypically similar strains of other 

Clostridium species should be integral to ensuring the 

microbiological safety of food products. Coordination 

of the analytical process and selection of appropriate 

testing methods is a major challenge on account of the 

heterogeneity of species of the Clostridium genus and 

the possibility of loss of toxigenic properties that may 

occur during analysis. Classification of a species and 

strain suspected of belonging to the BoNT-producing 

clostridia based on biochemical characterisation of the 

microorganism may prove unreliable, but the molecular 

biology methods implemented in the present study 

appear to be a suitable and effective tool for detecting 

Clostridium to strain level and identifying genes that 

determine neurotoxin production. In addition, PCR 

methods based on detection of the ntnh and bont genes 
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are an innovative approach to the development of new 

techniques that enable the identification of BoNT-

producing clostridia and would be beneficial to adopt in 

routine monitoring of potential food contamination. 

The introduction of a monitoring system, the 

implementation of line process control and the 

observation of appropriate hygienic standards in the 

production process are of fundamental importance in 

ensuring product safety. The food technological issues 

described above and the potential epidemiological 

effect of failure to achieve sterility require that 

particular attention be paid to evaluating the 

effectiveness of the production processes, including 

heat treatment, in preventing the occurrence of spore-

forming bacteria of the Clostridium genus. The non-

toxic species Clostridium sporogenes shares  

nearly identical metabolic properties with group I  

C. botulinum, including the formation of lipase-positive 

colonies when grown on egg-yolk agar. Because of 

these similarities and the comparable heat resistance of 

its spores, C. sporogenes has been used as a surrogate 

organism for C. botulinum in the study of thermal 

processing of foods (29). It seems reasonable to subject 

each product to challenge tests using model 

microorganisms such as C. sporogenes before it is 

introduced to the Polish market, in order not to permit 

canned food to be retailed in which the growth of and 

potential toxin production by C. botulinum and 

genetically similar strains is possible. 
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