Evaluation of oxidising disinfectants to control Vibrio biofilms
in treated seawater used for fish processing
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Abstract
Marine fish-processing plants often use seawater during their operations. Chlorination and UV are commonly used for disinfection of this water but may not be effective in preventing biofilm formation within the water distribution network. These
biofilms negatively impact water quality and could lead to contamination of fish products. During a recent study, Vibrio
alginolyticus strains were detected on processed hake. The presence of most Vibrio spp. on fish products is of consumer
safety concern and needs to be minimised. Water treatment strategies effective for seawater disinfection but with minimal
negative effect on fish quality are required. In this study the effectiveness of chlorine, ozone and hydrogen peroxide (H 2O2)
in the inhibition of mature biofilms or biofilm formation in natural seawater was investigated. Two V. alginolyticus strains
(V590 and V595) isolated from hake fish as well as the type strains of V. alginolyticus LMG 4409 and V. parahaemolyticus
LMG 2850 were used. Chlorine was ineffective as experiments showed that strains V590, V595 and V. parahaemolyticus
LMG 2850 could form biofilms even in the presence of 4 mg/ℓ of chlorine. When ozone was used, biofilm initiation and
formation were completely inhibited for only 2 strains of V. alginoluticus, i.e. LMG 4409 and V590, at 1.6 mg/ℓ or 0.8 mg/ℓ
ozone, respectively. Hydrogen peroxide performed the best of all the disinfectants evaluated in this study. Inhibition of
biofilm formation was observed for all strains at 0.05% H 2O2. The mature biofilms were more resistant to H 2O2 but were all
eliminated at 0.2% concentrations. This study indicated that H 2O2 is the most effective biocide to prevent biofilm formation
in seawater distribution networks and could potentially be used as an alternative or supplementary disinfectant of seawater
in marine fish-processing plants.
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Introduction
The use of seawater instead of freshwater during marine fish
processing is an economical alternative, especially in arid
countries such as Namibia which are often faced with severe
freshwater shortages. The water is typically used for activities such as cooling of the product or washing of surfaces and
apparatus in the plant. Seawater may, however, contain human
pathogenic bacteria including Vibrio species such as V. parahaemolyticus, V. cholerae, V. vulnificus and V. alginolyticus
(Thompson et al., 2004; Wekell et al., 1994). The water, therefore, requires treatment and disinfection before being used for
the processing of fresh fish. Currently chlorination and UV
treatment are mostly commonly used to disinfect the water.
A recent study at a fish-processing plant showed that the
quality of hake deteriorated along the processing line (author’s
own observation). Vibrio species were isolated at the intermediate stages of processing. None of these species were isolated from
the fish which had just been delivered to the factory for processing. From the study it was clear that Vibrio alginolyticus strains
were introduced by the treated seawater used during processing.
Indications were that the major source of these bacteria was not
inefficient treatment of the raw water but the subsequent formation
of biofilms in the distribution network in spite of the presence of
residual chlorine. V. cholerae, (Faruque et al., 2006; Mueller et al.,
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2007), V. vulnificus (Joseph and Wright, 2004). V. alginolyticus
(Kogure et al., 1998) and V. parahaemolyticus (Enos-Berlage et al.,
2005) are well known to form biofilms.
The presence of Vibrio spp. in the seawater used during
processing of the fish poses a potential health hazard to consumers and should be minimised and controlled. Chlorine, or chloramines, are typically used to control bacterial biofilms in freshwater distribution systems (DeQueiroz and Day, 2007; Momba
et al., 2002), but many studies have described the ineffectiveness
of chlorine in controlling biofilm formation (Chu et al., 2003;
Momba et al., 1998). There is, however, little information in the
literature on alternative disinfectant strategies to control biofilm
formation in seawater systems. The type and level of disinfectant to be used are, however, restricted, as high concentrations of
disinfectants have been shown to cause discolouration of the fish
due to oxidation of the myoglobin (Kim et al., 2000).
The aim of this study was to evaluate 3 different oxidising disinfectants to control biofilm formation by selected Vibrio isolates
in seawater distribution systems. For this purpose chlorine, ozone
and hydrogen peroxide were tested at a range of concentrations.
Improvement in the treatment, disinfection and microbiological
quality of the seawater used for fish processing would help to
ensure the safety of the final product and protect consumers.

Materials and methods
Sampling and analysis of treated seawater
Samples of seawater used in a fish-processing facility in Walvis
Bay, Namibia, were collected to evaluate the current treatment
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