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Abstract
Foodborne pathogens are the main threat and cause of food poisoning. The majority of food infections 
have been related to the biofilm formation of foodborne pathogens in the food industry. Shewanella 
putrefaciens (KX355803, GRD 03), a Gram-negative pathogen isolated from mackerel fish, was identified 
and recognized as a food spoilage bacterium and a strong biofilm producer. The adhesion or attachment 
ability of Shewanella putrefaciens was determined on steel, plastic, glass, PVC and wood. NB (Nutrient 
broth), LB (Luria-Bertani broth), TSB (Tryptic soy broth) and BHI (Brain heart infusion broth) were 
enriched with glucose and shows optimum for bacterial adhesion. In the microtiter plate method (MTP), 
the strong attachment was observed at 48 and 72 hours of incubation and significant differences were 
obtained at p < 0.05. As the incubation period increases, the OD value (Optical density) of samples also 
increase. Biofilm formation is the major cause cross contamination, and shows resistance to certain 
disinfectants, which leads to environmental stress tolerance. This study suggested with optimum 
biofilm production of isolate from fish by using glucose enriched media on different substrates, also 
comparing different growth media provide a detailed idea about biofilm forming ability at different 
incubation time intervals. 
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iNtRODUCtiON
 Shewanel la  putrefac iens  p lay  a 
predominant role in food spoilage processes, 
mainly correlated with spoilage of frozen fish and 
meat products.1,2 This pathogen has a potential 
to live in fresh water habitation.1 Shewanella 
putrefaciens belongs to Shewanellaceae family. 
Pseudomonas putrefaciens was classified in 1985 
and finally known as Shewanella putrefaciens.3 
The directly attached bacterial colonies or 
communities on a specific surface initiate the 
formation of biofilm. Biofilm producers are 
enclosed in an extracellular matrix (EPS) with the 
ability to manage various phenotypic behaviors 
like attachment of bacterial cells that leads to 
bacterial gene transcription. Within biofilm cell 
communities, bacterial cells communicate with 
each other via some chemically produced signaling 
molecules known as Autoinducers (AI), and the 
process stated as Quorum sensing (QS). Majority 
of foodborne infectious diseases are originated 
due to biofilm formation.4 Biofilm formation is a 
major issue in food processing industries. Cross 
contamination is the main reason for biofilm 
producers, when food moves through some 
unhygienic surfaces and the surrounding air 
develops the appearance of foodborne pathogens, 
leads to biofilm production and contamination. 
Biofilm process required different stages, involved, 
attachment of bacterial cells, maturation and 
dispersion.5 To cope with this bacterial settlement 
in biofilm, a serious hygiene approach is mandatory, 
which comprises disinfection and proper cleaning. 
Nowadays, these biofilm producers have the 
potentiality to fight against such disinfectants.6,5 
Briedier et al.7 discussed about some foodborne 
pathogens mainly involved in biofilm production 
and adhesion on different substrates in the food 
industry.7 Therefore, this present study targets the 
isolation and identification of foodborne pathogen 
Shewanella putrefaciens from fish sample and its 
biofilm formation capacity on different substrates. 

MAteRiAls AND MethODs
 Fish samples (Mackerel fish gut portion) 
were procured from a local fish peddler in 
Coimbatore, Tamil Nadu. Using a clean and sterile 
blade, the samples were gently chopped and 
smashed with peptone water, which is used to 
enrich the media for bacterial growth (Peptone 

-10g/mL, Sodium chloride – 5g/mL, HiMedia, 
India). The unpurified grounded sample was sieved 
through Whatman filter paper grade No. 1 (110nm, 
Sigma-Aldrich). Finally, the filtrate was collected 
and processed for serial dilution. The filtrate was 
serially diluted from 10-2 to 10-8 dilutions. Each of 
them were spread plated onto Nutrient agar plate 
and kept for 24-48 hours of incubation (37°C). 
The single isolated colonies were subcultured 
individually on Nutrient agar plate and maintained 
in glycerol stock at -21°C. 
Biochemical assays
 For morphological identification Gram 
staining was performed.8 Different biochemical 
tests were done and fish pathogen was recognized 
according to Saeed et al.10 Biochemical tests 
involve indole production, Methyl-Red test and 
Voges-Proskauer test (MR-VP), citrate utilization, 
catalase. oxidase, urease, KOH (Potassium 
hydroxide) and starch hydrolysis. KOH test an 
another test to recognize the Gram-negative 
bacteria. The results were recorded after each 
assays and further molecular identification was 
carried out.
DNA sample preparation and 16S rRNA PCR 
amplification
 DNA isolation was performed according  
to Giacommazzi et al.9 The presence of DNA was 
proved using 0.8% of Agarose gel electrophoresis. 
For PCR amplification of DNA, BAC forward and 
BAC universal primers were used. Primer was 
purchased from Integrated DNA Technologies 
(IDT), Bangalore, India. Amplified PCR product was 
confirmed by 0.8% agarose gel electrophoresis 
using a 500bp ladder (Helini, India).
BAC Forward- 5’-AGA GTT TGG ATG GCT CAG-3’ 
BAC Universal Reverse Primer – 5’-CGG TTA CCT 
TGT TAC GAC-3’
 The amplified product was forwarded to 
Eurofins, Scientific India, Pvt Ltd for 16S rRNA gene 
sequencing. The organism was identified using 
phylogenetic analysis and FASTA sequences were 
obtained, submitted in NCBI, GenBank. 
Biofilm formation techniques
Tube assay method
 Four different growth media such as NB, 
LB, TSB, BHI (HiMedia, India) and their glucose 
enriched forms NB1, LB1, TSB1 and BHI1 were used 
to enhance the bacterial growth and to check the 
biofilm-forming ability of isolated fish pathogen 
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S. putrefaciens GRD 03. The appropriate growth 
temperature of this foodborne pathogen was 
obtained at 37°C under laboratory conditions.
 Media composition : Nutrient broth 
(NB)- Peptone-5g/L, Sodium chloride- 5g/L, Beef 
extract- 1.5g/L, Yeast extract- 1.5g/L (pH= 7.4±0.2)
Luria-Bertani (LB) broth- Casein enzymic 
hydrolysate-10g/L, Yeast extract-5g/L, Sodium 
chloride-10g/L (Final pH= 7.4±0.2)
 Brain Heart Infusion (BHI) broth- Proteose 
peptone -10g/L, Dextrose-2g/L, Sodium chloride-
5g/L, Disodium phosphate-2.5gL (pH = 7.4±0.2)
Tryptic soy broth (TSB)- Pancreatic digest of 
casein-17g/L, Peptic digest of soybean-3g/L, 
Glucose-2.5g/L, Dipotassium phosphate-2.5g/L 
(pH= 7.3±0.2)
 Modified forms of media such as NB1, LB1 
TSB1 and BHI1 were supplemented with 25g/L of 
glucose (Himedia, India) to attain the maximum 
growth of bacteria.
 Bacterial culture (100µL) was suspended 
in 10mL of NB, LB, TSB, BHI, NB1, LB1 TSB1 
and BHI1 media, tubes were kept for overnight 
incubation in a shaking incubator. After incubation, 
tubes were cleansed with phosphate buffer saline 
(pH-7, HiMedia) and air-dried and subjected 
to crystal violet staining (0.1%) and extra stain 
was washed with distilled water and dried in an 
inverted position.4

Congo Red Agar plate method (CRA)
 The isolated culture was streaked onto 
sterile CRA agar (HiMedia) plate and subjected 
for overnight incubation at 37°C. Significant 
production of black or brown colonies was 
considered as positive result.4 

Microtiter plate method biofilm formation (MTP)
 In this method, 96-wells flat bottomed 
plate was used. Four different incubation periods 
were optimized such as 24, 48, 72 and 96. Fifteen 
(15µL) of incubated broth culture and 225µL of 
different media were added to MTP plate with 
96-wells and incubated in a rocking table. The 
culture filtrate was discarded and washed twice 
with sterilized water and stained with crystal 
violet (0.1%), finally, the plate was incubated for 
3 minutes at room temperature. Leftover dye was 
cleansed with distilled water and resuspended 
the wells with 200µL of glacial acetic acid (33%, 
HiMedia). The absorbance of MTP was carried out 
at 490nm.11

Biofilm formation on different substrates using 
crystal violet binding assay
 This method is appropriate for the 
determination of biofilm-forming potential of 
foodborne pathogens on selected substrates 
such as glass, Polyvinyl chloride (PVC), plastic, 
wood and steel. The substrates were cleaned and 
washed with sterile water and detergent and dried. 
After proper drying substrates were aseptically 
transferred into different broth media and 
incubated for 24, 48 and 72 hours at 37°C. After 
incubation periods, each substrate was removed 
carefully and subjected to crystal violet staining. 
Glass, PVC, steel, plastic and wood were washed 
with sterilized water and cleansed with methanol 
to fix the excess bacteria and again stained for 
3 minutes. Again washed with tap water, and 
resuspended in 2.5mL of 33% glacial acetic acid 
(HiMedia). The OD (optical density) was calculated 
at 630nm 12-14.
Statistical analysis
 Experiments were conducted in triplicate 
values. Statistical analysis was determined 
by Graphpad Prism 8.0 and the results were 
calculated as mean ± standard deviation (Mean 
± SD). Significant differences of samples were 
exhibited by one-way-analysis of variance (ANOVA) 
with a significance level p < 0.05. 

ResUlts AND DisCUssiON
I so lat ion ,  b iochemica l  and  molecu lar 
identification of fish pathogen
 A total of 10 bacterial strains were 
isolated from mackerel fish (gut). Among 10 
isolates one culture named GRD 03 was recognized 

Fig.1. Isolated fish pathogen (GRD 03),  subcultured on 
Nutrient agar plate.
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as Gram-negative bacteria after morphological 
examination. Different biochemical tests (Table 
1) were performed for GRD 03 strain and found 
to be positive results for catalase, oxidase, urease 
and indole production and all the other tests 
results indicated negative. This Gram-negative 
pathogen was yellow in colour and the accurate 
growth temperature was 37°C for 24 to 48 hours 
of optimum incubation in Nutrient agar. 
 Bacterial DNA was obtained by 0.8% 
agarose gel electrophoresis and PCR conditions 
were optimized and amplified product showed 
at 1500 bp. Amplified product after 16S rRNA 
sequencing was recognized using BLAST sequence 
(Fig. 2) and phylogenetic tree (Fig. 3) analysis. 
GRD 03 shows 94% similarity with Shewanella 
putrefaciens. The FASTA sequences were deposited 
in NCBI, GenBank under the accession number 
KX355803.

 The phylogenetic tree produces 16S 
ribosomal RNA partial sequence with 94% 
similarity with S. putrefaciens. Phenotypic and 
genotypic identification procedures have been 
considered as a primary tool for the classification 
of a bacterium. Due to certain limitations, 
molecular techniques are also very mandatory 
to identify a pathogen.15 Certain studies provided 
some tools for the identification of fish pathogen 
by combining molecular and 16S rRNA tools with 
cost-efficiency.16 Another study by Beaz-Hidalgo 
et al.17 isolated three different Shewanella 
strains using similar ERIC-PCR profiles.17 16S 
rNA gene sequencing is not sufficient to confirm 
the bacterial position in phylogenetic tree, also 
need gyrB gene also need to be sequence to 
confirm.18-20 Shewanella putrefaciens is directly 
involved in various health disorders and can 
cause Shewanellosis in humans. Few studies have 
reported that, Shewanella putrefaciens required 
Sodium chloride for their potential growth and 
activity.21-24

Biofilm production assays 
 Foodborne pathogens are the main 
reason for the biofilm formation and food 
contamination.25 In tube method, S. putrefaciens 
(GRD 03) showed biofilm formation after 24 
hours of incubation. The tube method (Fig. 4) 
has been considered as an accurate method to 
detect the biofilm production of pathogens.25 
Shewanella putrefaciens resulted strong biofilm 
production in NB, LB, NB 1, and LB 1 after overnight 

Table 1. Biochemical assays performed for the isolated 
fish pathogen, + Present, - Absent

Gram staining _
Indole production +
MR _
VP _
Citrate utilization _
Catalase +
Urease +
Oxidase +
KOH +
Starch hydrolysis _

Fig. 2. One to 6 Lanes represents genomic DNA isolated from GRD 03 (Shewanella putrefaciens, KX355803) on 0.8% 
agarose and Lane 5 was left without any addition of sample. M – Denote 500 bp DNA ladder
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Fig. 3. Showing phylogenetic tree of Shewnella putrefaciens (KX355803, GRD 03)

Fig. 4. Eight tubes with biofilm production in eight media (NB, LB, BHI, TSB, NB 1, LB 1, BHI 1, TSB 1) (from left side 
to right side tubes)

incubation. Comparatively, BHI and TSB shows 
better biofilm production on glass tube when 
compared to BHI1 and TSB1 modified media. 
Biofilm formation is strongly associated with 
different behaviors like medium, environment and 
mainly surface.26 According to McEldowney and 
Fletcher,27 hydrophobic, electrostatic properties, 
environmental changes, nutrients and pH were 
involved in the adhesion potential of subsequent 
bacteria.27

 Congo red agar (CRA) assay showed black 
colonies as a result of biofilm producer Shewanella 

strain, resulted that GRD 03 was capable of 
producing biofilm (Fig. 5). Congo red agar method 
is performed as a basic screening technique 
for observing biofilm-producing bacteria in the 
laboratory.28

 In microtiter plate (MTP) method, 24, 48, 
72 and 96 hours were optimized for the biofilm 
formation of test organism, and 48, 72 and 96 
hours were optimum for strong attachment of 
biofilm-producing bacteria. But according to 
absorbance value, 96 hours of incubation resulted 
better biofilm production. NB, LB, BHI, NB1, LB1, 
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and BHI1 were resulted as efficient for optimum 
biofilm production at 48, 72 and 96 hours of 
time intervals (Table 2). BHI and TSB were not 
significant (p < 0.080) at 24 hours of biofilm 
formation, but shows significance (p < 0.004) at 
48, 72 and 96 hours of incubation time. Nutrient 
broth and LB broth resulted significance at 24 and 
48 hours of intervals (p < 0.001) also shows 48, 
72 and 96 hours (p < 0.001) were optimum for S. 
putrefaciens biofilm production. NB1 was obtained 
as significant at 48, 72 and 96 hours of incubation 

(p < 0.002, p < 0.001, p < 0.001 respectively). For 
LB1 media, 48, 72 and 96 hours were found to be 
significant and showed
 p < 0.006, p < 0.00, and p < 0.001. BHI1 
and TSB1 appeared as significant at 48, 72 and 
96 hours and shows p < 0.004, p < 0.001, and 
p < 0.002 sequentially. Certain studies revealed 
that, attachment and biofilm production abilities 
were directly connected to glucose concentration 
present in specific media. 29,30.

Biofilm adhesion capacity of foodborne pathogen 
on different substrates
 Bacterial biofilm has been recognized as 
a main health threat in clinical industry. Crystal 
violet staining method was performed to obtain 
the biofilm attachment on different substrates. 
The main detrimental issue to human health 
is bacterial biofilm formation. These kinds of 
microorganisms are able to grow on different 
environmental conditions in extracellular matrix. 
In this study different substrates like glass, PVC, 
plastic, steel and wood were used to observe 
the biofilm formations of foodborne pathogen 
Shewanella putrefaciens at 24 hours, 48 hours and 
72 hours of total incubation periods in different 
medium (Fig. 6, Fig. 7 and Fig. 8). As incubation 
time increases, the rate of biofilm formation on 
substrates also increases. Shewanella putrefaciens 
also resulted better attachment on steel, PVC, 

Fig.5. Indicates the strong biofilm production of 
Shewanella putrefaciens, GRD 03 KX355803, producing 
black color bacterial colonies.

Fig. 6. Shows biofilm formation of GRD 03 Shewanella putrefaciens on different solid surfaces in eight different 
media after 24 hours of incubation (Nurient broth (NB), Luria-Bertani (LB), Brain Heart Infusion broth (BHI), Tryptic 
Soy Broth (TSB) and glucose enriched forms (NB 1, LB 1, BHI 1 and TSB 1)
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and glass in Nutrient broth enriched (NB1) and 
nutrient broth media after 24 hours. Wood 
showed best attachment in Brain heart infusion 
enriched media at 24 hours of incubation. After 
48 hours of incubation, steel resulted as best 
substrate for biofilm formation in NB and NB1 
(glu). As the glucose concentration in the culture 
media increases, the bacterial growth and biofilm 
formation on substrates also increase. There are 
certain factors that trigger biofilm production 
of pathogenic bacteria such as nutriens, pH, 
temperature, salt and sugar concentrations 
etc.30 So here, by increasing sugar concentration 

in NB may influence the bacterial adhesion on 
substrates. In 24 hours, S. putrefaciens showed 
higher attachment on steel, PVC and glass, also 
biofilm attachment was maximum on PVC and 
steel in nutrient broth media. The glucose enriched 
BHI1 was found to be optimum for the bacterial 
attachment on wood surface after 24 hours of 
biofilm formation. The OD values were obtained 
as higher on steel and PVC substrates after 48 and 
72 hours of incubation. 72 hours of incubation 
was recognized as the optimum time period for 
strong biofilm production and Nutrient broth 
modified media enhances more biofilm formation 

Fig. 7. Biofilm production of Shewanella putrefaciens GRD 03 on different substrates after 48 hours of incubation 
in eight different media

Fig. 8. Ability of biofilm formation of Shewanella putrefaciens GRD 03 on different substrates after 72 hours of 
incubation in different media.
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on all substrates. The results of this study 
represented that, the biofilm-forming ability of 
bacterial culture was significantly different among 
different substrates. Recent studies indicated 
that, bacterial communities can develop biofilm 
on PVC and other plastics (PE and PP) clustered 
in two different groups and plastic substrate 
influence the total structural changes in biofilm 
and also stimulate metabolic functions of biofilm 
formations.31 Formation, growth and maturation 
of biofilms were the primary environmental factors 
to infect microbial community.32 The substrates 
characteristics like dryness, hydrophobicity, etc. 
affect the capability of bacterial cells to adhere to 
the surface.33,34 Steel (hydrophilic) is widely used 
in food processing, construction of equipment’s 
and food packaging (canned foods) purposes. In 
our study, S. putrefaciens shows better biofilm 
adhesion on hydrophilic substrate like steel.

CONClUsiON
 In conclusion, this study explored and 
investigated the biofilm producing effect of fish 
pathogen Shewanella putrefaciens isolated from 
mackerel fish gut. The preliminary techniques 
of biofilm formation such as tube assay and 
congo red agar method revealed, the strain to 
be good biofilm producers. The microtiter plate 
method showed better biofilm production after 
48, 72 and 96 hours of incubation. The bacterial 
adhesion was checked using different substrates 
such as glass, steel, PVC, plastic and wood at 
24, 48, and 72 hours of different intervals. In 
this method, S. putrefaciens was exhibited 
optimum biofilm attachment on steel and PVC. 

By the addition of glucose in media influences 
the bacterial growth density and provides good 
attachment. Glucose enriched media of Nutrient 
broth, Luria-Bertani broth, Tryptic soy broth and 
Brain heart infusion broth were ideal for bacterial 
attachment and growth. Shewanella putrefaciens 
(GRD 03, KX355803) adhesion ability provides 
some potential pathogenic nature of foodborne 
bacteria. Demonstrated results are very crucial 
for the diagnosis of various pathogenic bacterial 
infections in food and health industry. Further 
work is mandatory to investigate to prevent 
fish pathogenicity in marine and fresh water 
environment. The concept of this work may be 
convenient and useful in future to synthesise 
antimicrobial agents against foodborne pathogen 
diseases.
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Table 2. Biofilm formation of Shewanella putrefaciens at different incubation period using crystal violet binding assay

Media 24 hours 48 hours 72 hours 96 hours

NB 0.98 ± 0.02c 1.72 ± 0.07d,e 2.10 ± 0.00d,e 3.11 ± 0.03e,f

LB 1.02 ± 0.03c 1.34 ± 0.13b,c 1.95 ± 0.06e 3.32 ± 0.00e,f

BHI 0.95 ± 0.05 1.66 ± 0.00d,e 2.00 ± 0.00c,d 2.99 ± 0.00d,,e,f

TSB 0.89 ± 0.00 1.01 ± 0.00d,e 1.99 ± 0.00e 3.21 ± 0.14e,f

NB 1 1.11 ± 0.00b,c 1.51 ± 0.06d,e 2.11 ± 0.00d,e,f 3.16 ± 0.06d,e,f

LB 1 1.37 ± 0.07c 1.83 ± 0.23c,d 2.14 ± 0.00f 3.44 ± 0.07d,f

BHI 1 0.99 ± 0.00c 1.07 ± 0.10b,c 1.93 ± 0.06d,e 3.00 ± 0.08e,f

TSB 1 0.72 ± 0.07d 1.22 ± 0.00d,e 1.71 ± 0.07c,f 3.11 ± 0.03d,e,f

The significant differences of each sample at different incubation periods (24, 48, 72 and 96 hours) were denoted as superscripts 
a,b,c,d,e,f along with Mean ± Standard Deviation. Significant differences were obtained at p < 0.05.
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