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Abstract

A\ Macrothlnk Journal of Biology and Life Science

Fish is a vital source of nutrients to humans due to its proteinaceous nature, high content of
unsaturated fatty acids and low contents of carbohydrates. In their natural environments fish
are exposed to a myriad of microorganisms some of which compromise the shelf life of the
product and/or safety in humans. Most fish factories located along coasts find it economical
to use processed sea water during processing. Processed sea water however can be a source of
microbial contamination to fish. Fish factories are also vulnerable to biofilm formation on
surfaces and within water distribution pipes. Biofilms result from bacterial attachment and
growth in aqueous environments that render bacteria resistant to sanitising agents. This article
reviews the conditions permissible to bacterial contamination in marine fish factories. The
role of water in bacterial contamination and survival has been highlighted. Bacterial
pathogens commonly associated with fish factories and their survival strategies have also
been discussed. The use of selected sanitizing agents and UV irradiation in marine fish
processing have been explored. The fundamental antimicrobial mechanisms of chlorine,
ozone and H,O, is the generation of toxic metabolic intermediates that damage microbial
structural and functional components, causing metabolic paralysis and cell death. UV
radiation damages DNA hindering gene expression processes. Controlling bacteria biofilm
has been well experimented in fresh water systems, but knowledge about disinfection of
marine waters is still lacking. The review concludes that in order to optimise the
microbiological quality of marine fish, suitable disinfectants effective in sea water need to be
authenticated.
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1. Introduction

Seafood contamination occurs naturally from the environment where fish are harvested,
during harvesting, processing or during food preparation. Cross contamination may occur
during food processing or preparation where bacteria are transferred from raw fish and/or
contaminated surfaces and/or from utensils to hygienically safe seafood (Wekell et al., 1994).
During processing contaminated water may also introduce microorganisms including
pathogens into the food. In some cases the levels present in the food may not be critical as to
pose a health hazard to consumers. Improper methods of handling (poor general and /or
personal hygiene) and distribution (time-temperature abuse) (Wekell et al., 1994) may
provide ideal conditions for the pathogens to proliferate and reach infective levels. A number
of pathogens belonging to different microbial taxa are predominant in marine environments
and find their way into seafood. These include Aeromonas, Plesiomonas, Clostridium
botulinum, Listeria monocytogenes and Vibrio species (Wekell et al., 1994). The first line of
control of the presence of bacterial pathogens in seafood is the use of Good Manufacturing
Processes (GMP) (Vasconcellos, 2004a). Secondly most seafood processors have effective
safety and quality assurance systems in place in most cases based on the Hazard Analysis
Critical Control Points (HACCP) principles (Vasconcellos, 2004b; Ward, 2002). Several
methods to remove, reduce, Kill or inhibit the growth of pathogens in seafood and water are
employed. One of the main functions of the HACCP system is to ensure the effectiveness and
robustness of these methods. Proper sanitation of the food processing environment using the
right sanitizers in correct concentrations is paramount to keeping the initial microbial load to
the minimum. In addition upholding the personal hygiene of the personnel and training in
sanitation methods, as well as the use of potable clean water in all cleaning and sanitation
procedures are indispensable in attaining this objective. Once this goal has been achieved
other methods to be used in successive steps will be successful in reducing or eliminating
spoilage organisms and pathogens to acceptable limits hence attaining the desired shelf life
and safety of the final product (Ray and Bhunia 2008). The present work reviews sources of
microbial contamination in marine fish factories. The use of oxidising agents most commonly
used to ensure fish quality and safety in a marine fish processing environment is explored.
The challenges encountered and successes made with their use have been discussed.

2. The role of water in the processing of marine fish

When fish are filleted, deboned, packaged and frozen, before distribution, exposure of the
fish to water constitutes one of the critical steps that must be optimally controlled in order to
prevent the introduction of pathogens. The water used in the processing of fish needs to be
clean with minimally acceptable levels of spoilage bacteria and free of pathogens. For this
purpose, it is essential that biofilm formation is minimized to ensure optimal microbial
quality of the water during distribution and use.

2.1 Biofilm formation in water distribution systems

Biofilms are hydrated, (85-95% water) (Chmielewski& Frank, 2003) multicellular structures
occurring in oligotrophic environments formed through adhesion, growth and metabolism of
microorganisms on surfaces. Bacteria in biofilms are covered in complex extracellular

3



1 Journal of Biology and Life Science
A\ Mac.rOtthI,;.k ISSN 2157-6076
Institute 2012, Vol. 3, No. 1

polymeric substance (EPS) matrix that protect the cells from adverse effects of a changing
environment and from antimicrobial agents such as sanitizers, antibiotics and host defence
mechanisms (O’ Toole et al., 2000; Costerton 2005; Hall-Stoodley&Stoodley 2005). Biofilm
formation is influenced by a number of environmental factors including nutrient availability
(O’ Toole et al., 2000), which in water distribution systems may be in a form of
biodegradable dissolved organic carbon (BDOC), the water temperature, the concentration of
disinfectant and the nature of the surface (Momba et al., 2000). A nutrient rich environment
promotes biofilm formation, but cells tend to detach from such structures and favour the free
swimming form that enables them to scavenge for nutrients during scarcity (O’ Toole et al.,
2000).

Once attached cells undergo a series of phenotypic changes emanating from the gene
expression level that enable them to adapt to the new environment and to carry out unusual
metabolic activities including secretion of exopolysaccharides that render them resistant to
disinfectants (O’ Toole et al., 2000; reviewed by Prigent-CombaretLejeune, 1999; Langsrud
et al., 2003; Whiteley, et al., 2001). Retardation of molecular movement through the biofilm
matrix and reduced bacterial growth rates are some of the mechanisms by which resident
bacteria mediate resistance to antimicrobial agents (Costerston et al., 1987;
Donlan&Costerton 2002). The EPS may also concentrate nutrients, sequester metals and
toxins and protect resident bacteria from desiccation (Chmielewski& Frank, 2003). Chu et al.,
(2003) using a laboratory scale continuous flow unit demonstrated that though addition of
chlorine to the experimental system reduced the number of colony forming units recovered
from biofilms, this disinfection process did not completely inhibit biofilm formation and
some bacterial count up to log 2 cfu (colony forming units)/g were still detected.

EPS consist of polysaccharides, proteins, phospholipids, teichoic and nucleic acids
(Chmielewski& Frank, 2003). Bacterial biofilms consist of either a single layer of attached
cells (Chmielewski& Frank, 2003) or may be defined three dimensional structures with
species specific architectural organisation that may (Lawrence et al., 1987) or may not
(Lawrence et al., 1991) consist of microcolonies (flocks or aggregates) (Chmielewki& Frank,
2003) interspersed by water channels. The architecture of a mature biofilm depends on the
hydrodynamics of the surrounding fluid (Chmielewski& Frank, 2003).

2.2 Bacterial pathogens in biofilms

Some bacteria are able to form biofilms in isolation while others establish synergistic
associations termed co-aggregates, in which one organism acts as a primary attachment
candidate and exopolysaccharide producer providing a favourable environment and
protection for the other species (Palmer et al., 2007). In biofilms bacterial pathogens can form
part of biofilms and pose a challenge to public health and food shelf life as well as safety e.g.
Table 1. Biofilms provide a favourable microenvironment for pathogens and act as stable
sources of large number of pathogens while the flow of water facilitates pathogens dispersal
in a form of clumps or clusters (Hall-Stoodley&Stoodley, 2005). Biofilms, therefore, confer a
selective advantage to pathogens by enabling them to persist, multiply and disseminate
(Hall-Stoodley&Stoodley, 2005). It is also assumed that the first prokaryotic cells had the
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propensity to exist in biofilms as the natural stable structures and that free swimming cells
evolved for the sake of dispersal in environments (McDougal &Kjellberg, 2006). The ability
of the pathogens to grow and form biofilms in vitro depends on the nature of the surface;
rough surfaces are more difficult to clean properly hence favour biofilm formation, on the
composition of the growth medium, on genetic factors and the environmental conditions.
Variations within individual strains of the same species in their ability to form biofilms are
also common (Reisner et al., 2006).

A number of Vibrios including pathogenic species V. cholerae (Faruque et al., 2006), V.
parahaemolyticus (Enos—Berlage et al., 2005), V. vulnificus (Joseph & Wright, 2004) and V.
alginolyticus (Kogure et al., 1998) are able to form biofilms. V. cholerae, one of the most
prevalent human pathogenic Vibrio species has been shown to form biofilms on both biotic
and abiotic surfaces (Mueller et al., 2007). Bacterial attachment to surfaces improves their
survival potential, and transmission in a hostile environment. Mueller et al., (2007)
demonstrated 30 gene loci in V. cholerae that are involved in biofilm formation in addition to
the mannose sensitive haemagglutinin factor Type IV pilus. However there is high genetic
and phenotypic variability among different strains in their requirements for surface
attachment. Enos—Berlage et al., (2005) demonstrated that both opaque and translucent
colonies of V. parahaemolyticus form biofilms in micro titre plates. V. alginolyticus
formation of biofilms is mediated by the Na* dependent polar flagellum (Kogure et al., 1998).
Joseph & Wright, (2004) showed that capsular polysaccharides (CPS) inhibit biofilm
formation by V. vulnificus and that the polysaccharides differ from those of V. cholerae in
chemical composition that affect the net surface charge being highly negative in V. vulnificus
CPS.

Table 1.Bacterial pathogens well known to form biofilms

Bacterial species Reference

Pseudomonas aeruginosa | (Dewanti et al.,1995; Banning et al., 2003; Reisner et al., 2006
E. coli (Dewanti et al, 1995; Banning et al., 2003; Reisner et al., 2006
Vibrio cholerae Mueller et al., 2007

Vibrio parahaemolyticus | Enos-Berlage et al., 2005
Listeria monocytogenes Kim & Frank 1995
Legionella pneumophila | Armon et al., 1997; Carvalho et al., 2007; Marao et al., 1993

E. coli Reisner et al., 2006
Salmonella Chmielewski& Frank 2003
Campylobacter jejuni Buswell et al., 1999
Helicobacter pylori Mackay et al., 1999

3. Control of biofilm formation in water used for fish processing

Biofilm control entails prevention of biofilm formation by suspended microorganisms and
removal of matured biofilms from food processing equipment, from inside the water pipes
and from medical equipment. Various disinfectants have been used in food processing plants

including ultraviolet light, potassium permanganate, bromine, hydrogen peroxide,
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permonosulphuric acid, ozone and chlorine (Degrémont, 1991).
3.1 Chlorination of water used for fish processing

Chlorine compounds are broad spectrum antimicrobials, active against vegetative forms of
bacteria, fungi, spores, and viruses (Ray, 2003). Chlorine act by oxidising sulfhydryl (-SH)
groups of enzymes and structural proteins, by causing damage to cell membrane, by
disrupting protein synthesis, by reacting with nucleic acids hence interfering with total cell
metabolism (Ray, 2003). Liquid chlorine and hypochlorites carry out their germicidal activity
through formation of hypochlorous acid (HOCI) that is most potent at acidic pH due to its
oxidising power the smaller molecular weight and electrical neutrality. In solution at pH
above neutrality and ambient temperatures HOCI becomes less effective as it dissociates into
H" and hypochlorite anions (OCI). The OCI is less effective as its negative charge seems to
interfere with cell penetration (Walker, 1978).

Different forms of chlorine are used as disinfectants, (Sodium hypochlorite) liquid chlorine,
chlorine gas (Cly), hypochlorites (salt) (CaOHCI), organic and inorganic chloramines and
chlorine dioxide (Mombaet al., 2002; Ray, 2003). In fish processing only chlorine gas and
hypochlorite solutions are typically used (Bonnell, 1994). Three components are important in
chlorination regimes; chlorine dosage (amount of chlorine added), chlorine demand (amount
of chlorine that reacts with impurities in water), and total residual chlorine (total amounts of
chlorine that remains loosely combined with nitrogenous compound and the free amounts of
chlorine that remains available to kill microorganisms) (LeChevallier& Au, 2004). The
recommended level of free residual chlorine is 5-7 ppm for fish processing water and 15-25
ppm for surface cleaning (Bonnell, 1994). Residual chlorine should have a retention time of
at least 20-30 minutes (LeChevallier& Au, 2004). When sea water, brine or brackish water is
readily available a self containedhypochlorinator that generates NaHOCI through the
decomposition of sea water or sodium chloride solution is often more economical for
disinfection and the addition of liquid chlorine is not necessary (Walker, 1978). Chlorine
concentration decreases in disinfected fresh water systems due to a natural decay related to
the chlorine reacting with the pipe wall itself and the bulk decay which is the water chlorine
demand (Mombaet al., 2002). In these systems the use of chloramines for disinfection is
gaining popularity of over chlorine because chloramines generate less toxic compounds and
could be safely used in high dosage to prevent development of bad tastes. Chloramines also
have a longer half-life in water than chlorine especially in waters with high content of organic
matter (Mombaet al., 2002; Momba&Binda, 2002).

Chlorine compounds suffer several disadvantages; they are less effective in the presence of
organic matter and in hard water, less stable at higher temperatures, corrosive to metals, and
can cause discolouration of food through lipid oxidation (Ray, 2003). The use of chlorine and
its derivatives is also associated with the formation of toxic and possibly carcinogenic
compounds commonly referred to as disinfection by products e.g. trihalomethanes (THM),
bromate, haloacetonitriles, and haloacetic acid (HAA) formed when chlorine reacts with
organic compounds naturally found in water (LeChevallier& Au, 2004; Gopalet al., 2007;
Wang et al., 2007). Shikongo-Nambabi et al., (2010) showed that chlorine was ineffective in
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controlling biofilm formation by V. alginolyticus and V. parahaemolyticus LMG2850 strains
in sea water. Chloramines are week disinfectants and less effective against protozoa, bacteria
and viruses hence mostly used as secondary disinfectants. Chloramines also produce volatile
compounds that impart undesirable taste and odour (Mombaet al., 2002; Gopalet al., 2007).

3.2 The use of UV irradiation in food processing

The UV light occupies the 40-400 nm region of the electromagnetic spectrum
(LeChevallier& Au, 2004). It is produced using low pressure or high pressure mercury
vapour lamps. The disinfection system normally consists of a mercury vapour lamp
surrounded by a protective coat such as quartz. The device is inserted into a tube or cylinder
or can be used in a tank connected to the water supply. In the cylindrical form the water to be
disinfected is passed over the UV lamp where the water rapidly absorbs the radiation as it
flows past the lamp (Mahapatraet al., 2005).

UV light causes damage to the DNA by cross linking the thymidine bases through a double
bond forming dimmers that inhibits DNA replication and translation (LeChevallier& Au,
2004). The cytoplasmic membrane is also affected (Mahapatraet al., 2005). Some
microorganisms are able to repair damaged DNA by photoreactivation in the presence of light
and dark repair in the absence of light. The repair mechanisms compromise the action of the
UV light, high doses are therefore necessary to ensure that the process of microbial
inactivation has been done beyond repair (Lechevallier& Au, 2004). UV action is not long
lasting due to the lack of a residual effect (Degrémont, 1991). Bacterial are more sensitive to
UV light than viruses and are killed by exposure to 0.65-31 mW-sec/cm?. V. cholerae is
highly sensitive, a 4-log reduction is attained by exposure to 0.65 mW-sec/cm?. Spores of
Gram positive bacteria are most resistant; a 4-log reduction can be effected by exposure to 31
mW-sec/cm? (LeChevallier& Au 2004). The use of UV irradiation in fish processing facilities
has not been documented.

3.3 The use of ozone on food processing

Ozone is an allotrope of oxygen that contains three oxygen molecules (Os) (Degrémont,
1991). Ozone acts by oxidising microbial cells due to its high positive oxidising potential
(+0.27 V) (Mahapatraet al., 2005). Ozone has antibacterial, antifungal, and antiviral
properties (Khadre et al, 2001). The primary target of ozone is the bacterial cell surface. Once
in contact with the cell surface its oxidising activity causes damage of essential components
in the cell membrane through damage to the double bond in unsaturated fatty acids, the
lipoproteins and lipopolysaccharides in the cell wall of Gram negative bacteria by reactive
oxygen species. It also damages glycolipids, glycoproteins and nucleic acids present in the
cell membrane causing flocculation of cellular proteins, interference with the respiratory
system, oxidation of the sulfhydryl groups to form disulfide bonds and damage to DNA
primarily of the pyrimidine bases and eventually leakage of cytoplasmic contents (Kim et al.,
1999; Guzel-Seydimet al., 2004). Ozone causes oxidation of amino acids of proteins,
enzymes and peptides to shorter peptides; polyunsaturated fatty acids are oxidised to acid
peroxides (Guzel-Seydimet al., 2004). Ozone is effective against a wide range of both Gram
positive and Gram negative bacteria in both vegetative and spore forms including E. coli,

7



1 Journal of Biology and Life Science
A\ Mac.rOtthI,;.k ISSN 2157-6076
Institute 2012, Vol. 3, No. 1

Pseudomonaputrefaciens, Salmonella, St. aureus, L. monocytogenes at concentrations of
0.05-2 mg/l; against fungi and fungal spores at concentrations of 6-9 mg/l, and against
viruses at concentrations of 600 mg/l. It is also effective against bacterial endospores when
the relative humidity of the treatment medium is increased to 50 % (Kim et al., 1999;
GuzelSeydimet al., 2004; Mahapatraet al., 2005). In Gram negative bacteria the lipoprotein
and lipopolysacharides are particularly susceptible (Guzel-Seydimet al., 2004).

However, the effectiveness of ozone depends of the presence of suspended organic particle
and on the pH of the medium. Acidic pH values enhance the lethality of ozone (Kim et al.,
1999). In water treatment ozone demand increases as the amount of suspended particles and
pH increase (Kim et al., 1999). Ozone is used as sanitizer of food surfaces for many foods;
cheese, eggs, poultry, fruits and vegetables, and fish (Kim et al., 1999) mostly with positive
results in extending the shelf life of products and improving the sensory quality such as the
colour of fish products. Although ozone was more effective than chlorine and inhibited
biofilms formation by certain strains of V. alginolyticusin sea water at 1.6 mg/land 0.8 mg/I
the potency of ozone was found to be limited and could not inhibit biofilms formation by a
different strain of V. alginolyticus and by V. parahaemolyticus type strain LMG 2850 at 2.0
mg/l. In the same environment ozone was able to reduce mature biofilms formed by the four
tested Vibrio strains only by 1 log up to 2mg/l (Shikongo-Nambabi et al., 2010).

There are three methods for producing ozone. The most widely used method is the electrical
discharge method. Dried clean air or oxygen at dew point (-60°C to -80°C) (Degrémont, 1991)
is passed through two high voltage electrodes, also called a corona, ozonator, or plasma. The
electrodes are in a form of either concentric rings or parallel plates (Degrémont, 1991,
Mahapatraet al., 2005; Chawla 2006; Degrémont 2007). The high voltage (15,000-20,000
\olts) (Walker, 1978; Guzel-Seydim, et al., 2004) electrical discharge in the form of an
alternating current is passed through a small gap (Degrémont, 1991; Fielding& Bailey, 2005;
Chawla, 2006) between the electrodes where the air or gas containing oxygen is present. This
high electrical field causes electron excitation and the formation of unstable oxygen radicals
(O), which spontaneously combine with intact oxygen molecules to form Ozone (Os)
(Degrémont, 1991; Mahapatraet al.,, 2005). Ozone could also be produced by the
electrochemical method or when using ultraviolet light with a wavelength of 185 nm
(Fielding &Bailey, 2005).

In the USA, ozone received the generally regarded as safe (GRAS) status from the FDA in
2001 and could now be used in both gaseous and aqueous form for food processing and
preservation (Guzel-Seydimet al., 2004; Mahapatraet al., 2005). Ozone, is therefore, used as a
direct decontaminant on both food surfaces and equipment. Several studies have
demonstrated the effectiveness of ozone as a decontaminant in the food processing
environments. It was successfully used in the decontamination of equipment and food contact
surfaces in a cheese processing factory. Both the aerobic plate count and the level of
Enterobacteriaceae were reduced over a period of two months after exposure of the whole
plant to 2 mg/l ozone overnight. When the treatment with ozone was discontinued the levels
of theEnterobacteriaceae and total counts returned to unacceptable levels (Fielding and
Bailey 2005). It was also used in disinfection of poultry chill water and carcasses, in treating
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fruits and vegetables to reduce microbial load including moulds and to increase the shelf-life
(reviewed, by Kim et al., 1999; Guzel-Seydimet al.,2004).

Ozone is more effective in low ozone demand liquid media than on food surfaces. The
composition of the food surface, the type of microbial contaminant and the degree of
association of the microorganisms dictate the effectiveness of ozone. Higher moisture content
in food promotes ozone action. It has been proved to significantly reduce counts of Clostridia,
Pseudomonas, Salmonella, Staphylococcus and fungi at > 2mg/l (Kim et al., 1999).

In all experiments conducted ozone caused significant improvement in food quality and
hygiene by either lowering the microbial load or by improving the shelf life or taste of the
food products. Dew, (2005) demonstrated that off flavours caused by methylisoboneol on
catfish could be reduced when fillets from fresh catfish spiked and stored for 12 hours were
treated with ozone for 30-60 minutes. Overall ozone has no effect on chemical and sensory
properties of foods, except on dry foods where a decrease in essential oils and a negative
sensory quality of spices was experienced (Kim et al, 1999). The use of ozone in food
preservation has now been patented for spices, herbs, fruits, vegetables, fish, beef, and for
food process water (Kim et al., 1999).

Lower concentrations and shorter contact time of ozone are required in food, food plant, and
water sanitation than chlorine (Kim et al., 1999). Unlike chlorine that leaves potential
carcinogens in the environment such as trihalomethanes (THM) and haloacetic acids (HAA)
(Guzel-Seydimet al., 2004; Guzel-Seydimet al., 2004; Chawla, 2006), ozone does not leave
any residues hence it is ideal for use as a terminal sanitizer of food surfaces and process water
in industries. Also, unlike chlorine where continuous use of high amounts may trigger
development of resistance in some bacteria and viruses, ozone reacts quickly Kkilling
microorganisms, hence giving them no chance to develop resistance (Chawla, 2006). Ozone
has been shown to effectively remove biofilms where other disinfectants have failed (Fielding
& Bailey 2005). Ozone also removes bad tastes, odours and colour in water. It is more
effective than trisodium phosphate and acetic acid, but comparable to H,O, at lower
concentrations (Fielding & Bailey 2005).

Ozone has low solubility in water, thus proper mixing and high doses are required to attain
optimum efficiency (Walker, 1978). Ozone is highly reactive thus it reacts with any organic
materials including textiles, organic dyes, metals, plastic, paint, and natural rubber, but this
side effect can be reduced by the addition of antiozonants (Fielding & Bailey 2005). It is,
however, not more corrosive than chlorine. The short half life of 0zone necessitates that it is
used together with other disinfectants if a residual disinfectant is required to inhibit biofilm
formation within water distribution networks (Chawla, 2006). If not handled correctly ozone
could impact on human health. Doses of 0.1 mg/l can cause sharp irritation of the nose and
throat, 0.1-0.5 mg/l exposure for 6 hours can result into loss of vision. At 1-2 mg/l ozone
could cause headaches, dizziness, weakness, decreased memory and other symptoms
associated with irritation of the upper respiratory tract, while high doses (5-10mg/l) and
50mg/I or more could cause oedema of the lungs and death respectively (Guzel-Seydimet al.,
2004; Mahapatraet al., 2005). The Occupational Safety and Health Administration (OSHA),
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USA has set limits for ozone exposure as 0.01-0.05 mg/l for detectable odour and 0.1 mg/l as
exposure limit over an 8 hour period (Mahapatraet al., 2005).

3.4 Use of Hydrogen peroxide in food sanitation

Hydrogen peroxide is a chemical compound that contains two atoms of hydrogen and two
atoms of oxygen (H,0;). The compound is produced naturally by certain bacteria including
Pediococcus, Lactobacillus and Streptococcus. pneumonia or in media exposed to light and
oxygen causing inhibition on other bacterial species (Juven& Pierson 1996; Periconeet al.,
2000). It is also produced photosynthetically in Cyanobacteria and in plants (Roncelet al.,
1989). Gaseous H,0O, is produced naturally by photochemical reactions in the atmosphere,
but is also produced artificially by dissolving barium peroxide in water (Schumbet al., 1955).

H,0, has a wide range of house hold and industrial applications; as a food preservative
(Brul&Coote, 1999; Juven& Pierson, 1996) and, in industrial and drinking water
dechlorination (Worley, 2000). H,O; is used to control biofouling and other pollutants in
drinking water, soil, air and in waste water distribution systems; to remove, sulphides, metals
and other easily oxidisable materials (solids, gasoline and pesticides) and industrial solvents;
for detoxification and deodourisation and for cosmetics and laundry applications (Asano et al.,
2007; Degrémont, 2007). The combinations of H,O, with ozone (peroxones) and with UV
light are used for ground water, drinking water, and waste water disinfection (Lenntech,2011
http://www.lenntech.com/processes/disinfection/chemical/disinfectants-hydrogen-peroxide.ht
m). In industries concentrations of 30-50 % are generally used as sanitising agents (Co-op,
2008http://www.h202-4u.com/grades.ntml.  Accessed 10/27/2008). It is also used in
combination with other additives such as potassium sorbate. It is used to sterilise containers
for aseptic packaging (Juven& Pierson, 1996; Lick&Jager, 1997). In low concentrations
(0.02 and 0.05 %) H,0, was used to kill pathogens and spoilage bacteria during the
pre-Pasteurisation era and it is still used in the USA to preserve cheese and milk (Lick&Jager,
1997) but this practice presents a drawback due to the peroxide damage to vitamins. H,O; is
used for sanitising hatching eggs and to sterilise liquid whole egg (Juven& Pierson, 1996).
The residual H,O, is normally inactivated by addition of catalase (Llck&Jager, 1997).
However H,0, is not recommended in swimming pool disinfection unless when used in
combination with other disinfectants (UV, ozone, silver salts, or quaternary ammonium
compounds). In this respect it is therefore assumed to be less effective than chlorine, bromine
and ozone. It was recommended for Anthrax spores decontamination after the 2001
bioterrorism attack on the USA (EPA,
2007http://www.epa.gov/pesticides/factsheets/chemicals/hydrogenperoxide/).http://www.epa.go
v/pesticides/factsheets/chemicals/hydrogenperoxide/ It can be used as surface decontaminant in
either aqueous or vapour forms (Juven& Pierson 1996).

Lillard& Thomson, (1983) showed that 5,300 — 12,000 mg/l H,O, reduced aerobic counts and
E coli in water by 95-99 %. Kim & Day, (2007) reported that a combination of H,O, with
sodium bisulfide and thymol was effective in removing attached E. coli and
SalmonellaTyphimurium from chicken carcasses. Droguiet al., (2001) have demonstrated that
electroperoxidation removed dissolved organic carbon from solutions of phenol, salicylic
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acid, benzoic, and humic acids. H,O, completely inhibited biofilm initiation and destroyed
mature biofilms in sea water at 0.05% and 0.2 % respectively formed by four different Vibrio
species strains and was hence recommended as the possible biocide of choice in marine fish
processing facilities (Shikongo-Nambabi et al., 2010).

H,0, is a strong oxidising agent due to its ability to generate extremely biocidal reactive
oxygen and  hydroxyl radicals (O, OH) (Brul&Coote 1999; Sias,
2003http://www.cemag.us/articles.asp?pid=238). In the presence of superoxide radical (0,%)
and transition metal ions such as Fe**) H,0, forms hydroxyl radical (OH) by the Fenton like
and Haber-Weiss reactions respectively (Juven& Pierson 1996; Watts et al., 1999). Secondly,
the lactoperoxidase system naturally occurring in milk and other biological fluids produces
hypothiocyanate (OSCN") through the oxidation of the thiocyanate ion (SCN’) by H,0,
(Juven& Pierson, 1996). The free hydroxyl radicals and singlet oxygen produced attack
microbial cells causing irreversible damage to essential cell components including membrane
lipids, DNA, and enzymes (Luck&Jager, 1997; Brul&Coote, 1999). H,0, is a more powerful
oxidising agent than chlorine, chlorine dioxide and potassium permanganate; it has a lower
oxidation potential than ozone, hydroxyl radical, and fluorine (Lick&Jager, 1997).

The antimicrobial action of H,O; is temperature and pH dependent (Brul&Coote, 1999) and it
is potentiated by reducing agents such as peroxidases (Juven& Pierson, 1996). At low
concentrations H,O, is more effective against bacteria, while yeasts and moulds require
higher concentrations. In solution it enhances the antimicrobial effect of heat against
vegetative cells and spores (Lick&Jager, 1997).

In water the free oxygen radicals decompose pollutants, while the H,O, molecule is reduced
to oxygen and water (Lenntech, 2011
http://www.lenntech.com/processes/disinfection/chemical/disinfectants-hydrogen-peroxide.ht
m). On food surfaces in the presence of organic material hydrogen peroxide decomposes
completely forming water and oxygen, hence does not leave any undesirable or toxic
chemical residues; decomposition is enhanced by the presence of pollutants and high
temperatures (Lick&Jager 1997). H,O, is, however, highly corrosive reacting with a number
of substances (Lenntech
2011http://www.lenntech.com/processes/disinfection/chemical/disinfectants-hydrogen-peroxi
de.htm). Human exposure to damp or mist can cause irritation of the eyes, skin, and mucous
membranes. Concentrations of 5 % or more can cause permanent eye damage; contact with
skin causes painful blisters, burns and skin whitening. “Organs most susceptible to H,O;
exposure are the lungs, intestines, and thymus”(Lenntech,
2011http://www.lenntech.com/processes/disinfection/chemical/disinfectants-hydrogen-peroxi
de.htm). Tests done on laboratory animals show that H,O, is a potent carcinogen; it has also
been shown to cause mutations in bacteria through damage to DNA (Lenntech, 2011
http://www.lenntech.com/processes/disinfection/chemical/disinfectants-hydrogen-peroxide.ht
m). H,O; reacts with food constituents such as vitamins and has a bleaching effect. H,0, is
used to bleach starch, gelatine, and fish marinades to suppress bacterial spoilage and odours
in some countries (Luck&Jager 1997). Although the use of hydrogen peroxide is not
regulated under the EU legislation 98/83/EC, in the USA H,0O, was registered as a pesticide
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by Environmental Protection Agency (EPA) in 1977 hence used directly on dairy/cheese
processing plants, on eggs, as a decontaminant of packaging materials, in agricultural
premises, medical facilities, home bathrooms, on food processing equipment, and as
Pasteurisers in breweries, wineries, and beverage plants (Brul&Coote, 1999; EPA,
2007http://www.epa.gov/pesticides/factsheets/chemicals/hydrogenperoxide_peroxiaceticacid;
Lenntech,2011http://www.lenntech.com/processes/disinfection/chemical/disinfectants-hydrog
en-peroxide.htm). 4812 ! 4885 XX

4. Conclusion

Bacterial contamination is of paramount importance to the safety and shelf life of processed
food. To optimise the microbiological quality of food, it is important to implement
acceptable good manufacturing practices through adequate temperature control and training
of personnel. Recommended training includes personal hygiene, a sound HACCP system,
and the use of clean and hygienically controlled equipment, utensils and materials including
water used during processing.

Microorganisms are also constantly changing to adapt to hostile environments created by
processing, preservation and sanitation methods. One of such adaptation strategies is
attachment of bacteria to water distribution pipes and food processing surfaces, forming
single or multispecies layers of three dimensional structures covered in matrices with limited
permeability to chemical substances used in sanitation. Within biofilms, bacteria undergo a
series of genetic and phenotypic changes as means of adaptations that often leads to selection
for virulent strains. In most cases bacteria in biofilms exhibit adaptive traits such as increased
ability to attach to surfaces and secretions of exopolysaccharides. These biofilms act as nodes
of water and product recontamination and a mode of pathogens persistence and dispersal in
treated water and may compromise product microbiological quality leading to microbial
transmission to consumers, resulting into either incidences of food poisoning or outbreak of
epidemics. Sea water is abundant and readily available to the marine fish industries around
the world. Most factories make use of sea water at one or more steps during processing.
Although the water is subjected to conventional water treatment regimes, using mostly
chorine and UV irradiation as the method of sanitation, these disinfectants may prove
ineffective in controlling spoilage and pathogenic bacteria especially those that are able to
attach to surfaces forming biofilms resulting into water recontamination and final product
quality deterioration.

The most commonly used disinfectants, in the fishing industry are associated with a number
of disadvantages. Chlorine is ineffective in providing proper control and can form substances
that are believed to be hazardous to human health and the environment. The UV radiation has
low penetrability and it lacks long term effect. Novel disinfection methods such as the use of
ozone and H,O, for biofilm control therefore need to be explored so as to improve the
microbial quality and safety of marine fish. Both ozone and hydrogen peroxide are strong
oxidising agents without toxic residues and act instantaneously causing irreversible damage
to microbial cell surface and cytoplasmic constituents. They are more potent than chlorine,
economical and easily accessible. They are used in many parts of the world in
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decontamination of food processing environments and in improving the shelf life of a wide
range of food items through controlling both suspended and sessile microorganisms. Trial
studies therefore need to be conducted in assessing the benefits that the fishing industry might
reap by using these disinfectants.
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