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Abstract 

Background: Salmonella contamination of seafood is an important consumer health concern.  

Anthropogenic contamination of coastal-marine water is an important source of seafood 

contamination with Salmonella. In this study, we aimed to investigate the extent of Salmonella 

attachment when fish is exposed to contaminated seawater and also, the effect of washing on the 

removal of Salmonella attached to fish surface.   

Methods and Findings: Bombay duck (Harpadon nehereus) fish was dipped in seawater artificially 

contaminated with 5 log CFU/ ml Salmonella Typhimurium for 30, 45 and 60 seconds and the 

number of bacteria present on the fish surface was quantified by surface plating. Separately, the 

effect of rinsing Salmonella-contaminated fish for 30, 45 and 60 seconds on the removal of 

Salmonella from the fish surface was investigated. The results showed attachment of bacteria in 

significant numbers, in the range of 3.6 - 4.16 log CFU/g, within 60 seconds of exposure to 

Salmonella-contaminated seawater.   However, no significant reduction in the Salmonella counts 

was observed after 30 to 60 seconds of rinsing of fish in freshwater. 

Conclusion: The results suggest that Salmonella Typhimurium can readily attach to the fish surface 

from a seawater medium and resist detachment by routine washing procedures. 
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Introduction 

Food-borne infections due to Non-Typhoidal Salmonella (NTS) are estimated to be 3.4 million 

globally, with considerable morbidities and mortalities [1]. Seafood is often reported to be a 

vehicle of non-typhoidal Salmonella and studies have reported the isolation of diverse serovars 

from fish and shellfish all over the world [2-6]. Salmonella is not an indigenous microorganism of 

fish. Therefore, its presence in seafood is attributed to faecal contamination of coastal-marine waters by humans, as well as 

contamination during transportation and processing attributable to unhygienic handling [7,8]. In highly populated countries like 

India with inadequate sanitation infrastructure, there is a high chance of seafood contamination due to the discharge of untreated 

or partially treated sewage into the coastal environment. Therefore, seafood caught from contaminated coastal and estuarine 

waters is more likely to harbour Salmonella in them [9]. 

 

There are many reports of detection of Salmonella in water sources, including surface waters, natural resources and drinking 

water. This is particularly concerning as water plays a pivotal role in contaminating harvested fish, with both seawater and 

potable water from public supply being utilized for fish washing practices in India. Regrettably, there seems to be a lack of 

attention given to the sanitary conditions of coastal waters, which are frequently employed for primary washing of fish after 

catch. In retail markets, washing of seafood is often by potable water; however, the risk remains, as the water quality might not 

always be monitored. Another notable concern is the use of non-potable water for the preparation of ice, which can serve as a 
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potential source of contamination of Salmonella in seafood. This apprehension is well founded with multiple reports of NTS being 

detected in finfish and shellfish samples from retail markets of India [5,10-15]. The bacterium reaches the water sources by direct 

faecal contamination, agricultural runoff, sewage overflows etc [10]. There are few reports of food-borne Salmonella outbreaks in 

which contaminated water was found to be the source of bacterial introduction into the products. Salmonella serotypes obtained 

from the products were detected in the irrigation water and water used for washing the food products [11]. The attachment 

dynamics of Salmonella in seafood are rarely investigated. With this background, the experiments were designed to simulate the 

effect of washing practices prevailing in landing centres and the retail markets of India on the contamination of fish with S. 

Typhimurium. 

 

Material and Methods 

Collection and Preparation of Fish Sample 

Fresh Bombay duck fish (Harpadon nehereus) was collected from a landing centre in Mumbai, India.  The samples collected were 

aseptically transported to the laboratory in sterile sample bags in chilled condition.  Fish was cut into steaks of 10 g each and 

stored in sterile bags on ice until use. Prior to contamination experiments, the fish samples were dipped briefly in water 

maintained at 90°C for few seconds to eliminate the surface microflora.  

 

Preparation of Bacterial Culture and Artificial Inoculation of Seawater  

S. Typhimurium ATCC 14028 was used as the reference culture in all the experiments. The stock bacterial culture was initially 

grown in 10 ml Luria Bertani (LB) broth (Hi-Media, Mumbai, India) at 37°C for 12 h in a shaking incubator. One-millilitre of the 

broth culture was transferred to 100 mL LB broth and incubated at 37°C with shaking for 12 h. The bacterial cells were harvested 

from the culture by centrifuging at 12000×g for 10 min and the pellet was washed twice with 20 ml Phosphate Buffered Saline 

(PBS) and centrifuged at 12000 rpm for 10 min. Using previously determined reference curve of counts versus absorbance at 

OD540, the bacterial suspension was adjusted to an absorbance value corresponding to ~8 log CFU/ml. From this bacterial 

suspension, 1ml each was added in into 1 L sterile seawater, maintained at ambient temperature.  The resultant count in seawater 

was approximately 5 log CFU/ml as determined by standard plate count method.  

 

Contamination Experiment  

An experiment was designed to study the effect of dipping/ washing of seafood in Salmonella-contaminated seawater on 

attachment by the bacterium. In this experiment, fish sample (10 g) was dipped and swirled gently in the contaminated seawater 

(500 ml) maintained in 500 ml beakers (Borosil, India), for three different durations viz., 30 sec, 45 sec and 1 min. The experiment 

was performed in triplicate. To quantify the number of bacteria attached to fish surface, the sample (10 g) was homogenized in 

90 ml PBS, 10-fold serially diluted in the same buffer and multiple dilutions were spread plated on Xylose Lysine Deoxycholate 

(XLD) agar. Salmonella appears as red colony with black centre on XLD. Ten representative colonies from each sample were 

subjected to PCR confirmation using a Salmonella-specific PCR targeting the invA gene [16]. 

 

Effect of Washing on The Removal Bacteria from Fish Surface  

In the second experiment, the effect of washing Salmonella-contaminated fish on the level of bacterium was tested.  For this, fish 

samples (n=3) of 10 g each were dipped in seawater (500 ml) contaminated with 5 log CFU/ml S. Typhimurium for 30 sec. 

Immediately after this, fish was washed by swirling in boiled sterile potable water, maintained at ambient temperature (500 ml) 

for 30, 45 and 60 seconds. Salmonella counts on the fish sample before and after washing with fresh water were enumerated on 

XLD agar and representative isolates were PCR confirmed.    

 

In both the experiments, the counts from duplicate plates were averaged and mean plate counts from triplicate samples were 

determined. Statistical analysis was carried out by performing analysis of variance using the software SPSS 16 (IBM SPSS 

Statistics for Windows, version 24.0, IBM Corp., Armonk, NY). A P-value of <0.05 was considered statistically significant. 

 

Results and Discussion 

Non-typhoidal Salmonella in seafood is derived from human and animal sources. Considering the diverse reservoirs of this 

bacterium, seafood contamination with Salmonella offers a formidable challenge [17,18]. Scientific evidences suggest that 

Salmonella Typhimurium is able to survive in seawater for 12-54 days, although longer survival of 32 to 74 weeks has also been 

reported [19,20]. Salmonella can survive in fresh water for 54 days and in sediment for 119 days [21]. Studies have shown that 
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Salmonella can survive in seawater longer than E. coli, although contrasting results indicating better survival of E. coli than 

Salmonella exist [22,23]. In tropical seawater and freshwater, Salmonella could survive for up to 16 weeks and 24 weeks, 

respectively at ambient temperature [24]. Salmonella can remain viable in frozen seafood for considerable period of time. Our 

recent study using S. Typhimurium showed that in fish (Harpadon nehereus) and shrimp (Parapenaeopsis stylifera) inoculated with 

8 log CFU/g and stored in frozen conditions, the bacterium was viable for up to 90 days [25]. At a lower inoculation level of 4 log 

CFU/g, Salmonella was viable for up to 60 days in frozen fish, while in frozen shrimp, the bacterium could survive for only 15 

days [25]. The ability of Salmonella to survive for longer periods of time in seawater offers greater chances of contamination of 

fish and shellfish.  It has come to attention that fishermen frequently extract water from the vicinity of coastal areas to cleanse 

their catch aboard their vessels. Additionally, the practice of dipping the catch in coastal waters at the landing centres has been 

noted. These actions carry the potential to escalate the risk of Salmonella contamination significantly. However, studies on the 

contamination dynamics of seafood such as the attachment rate, effects of washing at various stages of handling fish from harvest 

to consumer on Salmonella attached to fish surface are lacking.  To understand the extent of Salmonella attachment to fish surface, 

fish samples were dipped in seawater artificially contaminated with 5 log CFU/g for 30-60 seconds.  Fish exposed to Salmonella 

Typhimurium for 30 seconds had a count of 3.30 log CFU/g, while 45 and 60 second exposure resulted in a count of 4 log CFU/g 

(Fig. 1). These results indicate that Salmonella Typhimurium can attach quickly to fish surface within 60 seconds and depending 

on the numbers in the surrounding medium, the number of bacteria attaching to fish surface can be as high as 80%.  

 

In the second experiment, the effect of washing for 30-60 seconds on the level of Salmonella on fish surface was investigated. The 

results indicated that washing in freshwater for up to 60 seconds did not result in significant detachment of Salmonella from fish 

surface. The count of S. Typhimurium on fish immediately after dipping in contaminated seawater were in the range of 3.5- 4 log 

CFU/g. After 30-60 seconds of washing in fresh water, the counts on counts on fish remained in the range of 3.03-3.42 log CFU/g 

(Fig. 2). No significant difference (P>0.05) could be observed between 30, 45 and 60 seconds of washing. Representative colonies 

from XLD plates amplified the invA gene by PCR (Fig. 3). This observation suggests that simple washing procedures in the form 

of rinsing fish in fresh water do not ensure removal of S. Salmonella Typhimurium from fish surface.  

 

Even though there are studies investigating the bacterial attachment on food matrices such as meat, poultry and dried fruits, 

similar data on seafood is by far, lacking. In a study, Salmonella cells showed a very rapid attachment to poultry skin cells within 

a few seconds of exposure to Salmonella cell suspension [26]. These observations are in agreement with the results of our study, 

where high numbers of Salmonella were detected after dipping in artificially contaminated seawater. Salmonella attachment to 

raw food surfaces such as the meat primarily depends on the concentration of cell suspension rather than the presence of flagella 

and fimbriae [26]. The bacterial population will be higher on the surface then, but with a continuous immersion, the bacterial 

internalization to the underlying skin and entrapment in muscles occurs [27,28]. The meat tissues take up water and the bacterial 

cells get entrapped again. Immediate attachment of Salmonella cells to vegetable surfaces exposed to bacterial suspensions have 

been demonstrated in various studies. A study conducted on apple disks to analyses the bacterial attachment pattern, observed 

that the attachment of Salmonella to apple disks was dependent on the concentration of bacteria rather than the exposure period 

[29]. 

 

A clear explanation of the bacterial attachment to biotic surfaces is yet to be defined. It is considered to be dependent on the 

combination of multiple factors, including the bacterial cell surface and physicochemical properties of the substratum, such as 

hydrophobicity and charge [30].  Initial attachment to plant surfaces is dependent on the cell surface structures and the ability to 

form biofilms. Subsequent survival is influenced by regulation of genes related to stress regulation, virulence and metabolism 

[30]. Components of the cell envelope, specifically capsules, fimbriae and outer membrane polymers, cellulose, fimbriae and O 

antigen play important roles in the attachment of S. enterica onto plant surfaces [31]. The contribution of the surface components 

of Salmonella to fish surface attachment and resistance to subsequent washing is an interesting area of investigation. Bacterial 

cells attached to the product surface become more resistant to cell injury and become more viable at different stress conditions 

such as low temperature and hyperosmosis [30]. A combination of ultrasound and organic acid was found to be effective in 

reducing Salmonella and E. coli load in green pepper and melon [32]. Disinfectant Chlorine dioxide at a concentration of 5- 20 

ppm reduced the Salmonella load in water samples by 5 log almost immediately. But a comparatively longer time immersion was 

required for Salmonella reduction from tomato samples [33]. Polyethylene glycol film was found to prevent the adhesion of S. 

Typhimurium and E. coli on tomato surfaces by 90% [34]. Similar studies are lacking in the case of fish and shellfish. There is a 

need to develop effective packaging and antimicrobial treatments for the control of Salmonella and other pathogenic bacteria in 
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seafood. The strict implementation of sanitary protocols, including chlorination of the water used has the potential to 

substantially mitigate the associated risk.  

 

 
Figure 1: Attachment of Salmonella Typhimurium to fish surface after 30, 45 and 60 seconds of dipping in artificially 

contaminated seawater. Different superscripts on the graph indicate significant (P < 0.05) difference in counts at different time 

intervals. Initial count of S. Typhimurium in seawater = 5.08±.07 log CFU/ml. 

 

 
Figure 2: Effect of washing for 30 sec, 45 sec and 60 sec on levels of Salmonella Typhimurium in artificially contaminated fish. 

Identical superscripts on bars indicate no significant difference in Salmonella counts after washing.  Initial count of S. 

Typhimurium in seawater = 4.89±0.06 log CFU/ml. Counts on fish immediately after dipping in Salmonella contaminated sea 

water = 3.64± 0.18 log CFU/g. 
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Figure 3:  Confirmation of S. Typhimurium re-isolated from artificially contaminated fish using of invA-specific primers. Lane 

M: 100 bp DNA Molecular weight marker (StepUpTM, GeNei, India); lanes 1- 12: Colonies from XLD plates; lane P:  Positive 

control (S. Typhimurium ATCC 14028); lane N: Negative control. 

 

Conclusion 

In conclusion, Salmonella is a recurrently reported contaminant in seafood products. Washing the seafood with sterile waters 

does not guarantee the removal of Salmonella from the seafood matrix. This calls for effective and stringent sanitary practices to 

be followed by food handlers in order to minimize the contamination of seafood samples with this bacterium. 
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