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Slush-ice chilling has been applied to catfish fillets by processors for several
years. However, little is known about the effect of this system on fillets’ safety and
quality. Salmonella counts were reduced (P≤0.05) between 0.55 - 0.83 log CFU/g by
slush ice treatments (0% - 4.5% salt), regardless of salt concentration. Salmonella counts
for slush ice treated fillets were less (P≤0.05) than for untreated fillets during refrigerated
storage. However, Salmonella reduction was similar (P>0.05) among all treatments after
12 days of storage. Sensory evaluation showed that a 24 h-slush-ice treatment negatively
affected (P≤0.05) the texture, drip, and odor of fillets during storage at 2 ± 2°C. Lightness
(61.7), hue (80.6), and chroma (10.1) values were similar (P>0.05) between slush-ice
fillets and water-chilled fillets. Psychotrophs, coliforms, and E. coli counts (5.1, 1.6 and
<1 log CFU/g, respectively) were similar (P>0.05) among fillets collected before and
after 24 h in slush ice.
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CHAPTER I
INTRODUCTION
The conversion of catfish into commercial (finished) products involves slaughter
and further processing steps (USDA-FSIS, 2017). Poor and excessive handling of fish
during processing can lead to bacterial, enzymatic, and chemical reactions that quickly
reduce shelf life (Ghaly et al., 2010). Fish is a highly perishable food because as soon as
it dies, it begins to deteriorate faster than any other muscle meat. Fish has protein and
non-protein-nitrogen content that is available for microbial growth, and a high
unsaturated fatty acid content that is susceptible to oxidative deterioration. In addition,
the outer mucous layer of the fish skin absorbs water and harbors bacteria, and the gills
are generally highly contaminated (Ooraikul, 1991). Autolytic spoilage, especially in
uneviscerated fish, occurs due to proteolytic enzymes. Once the fish dies, these enzymes
begin to digest the gut walls and surrounding tissue (An, 2008). Therefore, food
preservation by refrigeration is necessary to extend the microbial lag phase and attain
maximum shelf life.
Shelf-life extension is accomplished in large part by removing heat from the
whole dressed catfish, nuggets, and fillets (USDA-FSIS, 2017). The temperature of the
products should be lowered to 7°C (45°F) or less in order to prevent Salmonella spp. and
other pathogens from growing (FDA, 2011b; Tompkin, 1996). Live fish flesh
temperature can be as high as 29°C (85°F) in the summer (usually lower than this) and
1

requires the removal of heat (29°C-7°C=22°C or 85°F-45°F=40°F). Removal of this heat
in a relatively short time (FDA, 2011) is necessary to prevent food safety issues and
maintain the highest quality until it reaches the consumer market.
Slush ice chilling is a technology that is commonly used in the seafood industry.
This treatment has gained attention over the past 30 years and has been used throughout
the seafood industry for storage and transportation of fish during harvesting and
processing operations (Wang, 2017). The Department of Fisheries and Oceans of Nova
Scotia, Canada was the first organization that conducted a systematic study about the
effects of slush ice on fish. Today, over 700 slush ice systems are utilized in the industry
(Kauffeld et al., 2010).
Water chilling treatment is another option for the removal of heat from seafood
products. Its main disadvantage is that the length of time and amount of cooling agent to
chill the fish only with water is greater than with ice slush. Since ice possesses latent heat
of fusion (Lice = 334kJ/kg = 144 BTU/lb) as compared to water that only uses specific
heat (Cpw = 4.2 kJ/kg oC = 1 BTU/lb oF), the rate of ice-slush cooling per unit mass of
product is much faster (Potter & Hotchkiss, 1995). In addition, the amount of ice needed
to remove heat from 1 kg (2.2 lb) of catfish product is lower than the amount of water
needed to remove the same heat. The heat removal, Q can be estimated as mCp∆T
(Fellows, 2009), where m is the mass of product, Cp is its specific heat (estimated to be
1.5 kJ/kg oC or 0.3583 BTU/lb oF for catfish) (Fasina, 2008) and ∆T is the maximum
temperature difference (22°C or 40°F as calculated). The amount of heat that is needed to
be removed from 1 kg (2.2 lb) of fish is approximately Q = 1kg*1.5 kJ/kg oC*22oC = 33
kJ (14.33 BTU). The amount of water needed to chill 1 kg (2.2 lb) of fish product to 7oC
2

(45°F) from 29oC (85°F) is mw = Q/Cpw∆Tw= 33 kJ/(4.2 kJ/kg oC)*(5 oC-2oC) = 2.6 kg
water approximately, while the amount of ice needed to remove the same heat will be
mice = Q /Lice = 33 kJ / 334kJ/kg = 0.1 kg ice.
The catfish industry uses ~1.5-2% salt (sodium chloride) (Catfish processor,
personal communication, 2017) in the slush ice system to depress the melting point of ice
and make it more effective. This amount of salt lowers the melting point about 1°C (2°F)
or more (Melinder & Ignatowicz, 2015), which maintains the slush ice longer, at subzero
temperatures. A slush ice mixture made of 2–3% salt is recommended for improving
seafood quality and enhancing product preservation (Kauffeld et al., 2010). Addition of
sodium chloride helps to stabilize the myofibrillar protein fraction of fish (Piñeiro,
Barros-Velazquez, & Aubourg, 2004). Zhang et al. (2015) reported that the extractable
myofibrillar content of Skipjack tuna (Katsuwonus pelamis) was higher in samples stored
in slurry ice (sea water at 3.5% salinity) than those stored directly in a cold room (4°C).
Decreased extractability of myofibrillar proteins in fish muscle is related to deterioration
in texture, lower water holding capacity, and an increase in off-odors and off-flavors (Lu
et al., 2012).
In addition to quickly removing heat from seafood products during the chilling
step, slush ice can be used to store seafood for ~1-3 d (Kolbe, Crapo, & Hilderbrand,
1985) or longer (Bosworth et al., 2006; Mugica et al., 2008; Rodriguez et al., 2004). This
technique maintains a constant low temperature and full coverage of the fish products
before they are further processed, which slows oxidation and dehydration on the fish
surface (Campos et al., 2005). From a food safety and quality standpoint, it has been
reported that slush ice lowers microbiological and biochemical deterioration, which leads
3

to increase the shelf life of seafood products. It has been reported that slush ice can
reduce the formation of total volatile basic nitrogen (TVB-N), trimethylamine nitrogen
(TVM-N), total aerobics, psychrotrophs, lipolytic and proteolytic bacteria counts
(Campos et al., 2005; Mugica et al., 2008; Zhang et al., 2015), and Salmonella spp.
(Rowe, 2016).
Although slush-ice storage has been used by farm-raised catfish processors for
several years, little is known about the effect of this technique on the catfish fillets’ safety
and quality. One study carried out by Bosworth et al. (2006) showed the effects of 24-h
slush-ice storage of channel catfish carcasses on subsequent fillet yield, shape, and color.
They found that slush-ice-treated fish had higher fillet and nugget yields than non-slushice-treated fish, with no fillet color differences detected between treatments.
Additionally, Lu (2004) found that the storage of fresh catfish fillets with ice resulted in
longer shelf life (11 days) than storage with no ice (5 days) under refrigeration
temperature (4°C ± 1°C). With respect to food safety, there is no evidence in the
literature about the effect of slush ice chilling on Salmonella spp. on catfish or catfish
fillets.
The objective of this study was to determine Salmonella spp. behavior on catfish
fillets subjected to slush ice chilling and during refrigerated storage. In addition to
Salmonella spp., microbial, color and sensory properties of catfish fillets were measured
after treatment and during refrigerated storage.
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CHAPTER II
LITERATURE REVIEW
Historical background of catfish
Channel catfish (Ictalurus punctatus) is a freshwater fish native to the United
States, Canada, and northeastern Mexico. This fish is also produced in Brazil, Paraguay,
Costa Rica, Cuba, China, and Russia (FAO, 2018).
In the United States, channel catfish was principally native to the Mississippi river
valley and then introduced to other parts of the country. In the 1870s, the United States
Fish and Fisheries Commission was the first agency that stocked waters with wild catfish.
The propagation included lakes, reservoirs, and farm ponds. In 1890, the first spawning
was achieved in aquaria, but it wasn’t until 1914 that the first spawning was observed in a
pond. In the 1920s, channel catfish were spread in many hatchery ponds around the
states. During the 1960s and 1970s, commercial aquaculture was growing, and farmers
began to adopt better practices for pond management, feeding, and disease control (FAO,
2018).
The first channel catfish ponds in Mississippi were built in 1957, with the
commercial production beginning around the Delta region in 1965. Since then, the catfish
industry has been developed in the southern United States, with at least 90% of the
farmed catfish coming from the Mississippi river valley region (FAO, 2018; Tucker &
Hargreaves, 2004).
5

Due to the market demand, catfish production increased over time to its peak in
2003 (300 million kg) and then decreased due to pressure from imports (Hanson & Site,
2015). During the past 35 years, improvements have been developed including, among
other things, production enhancements such as better aeration technologies, disease
control programs, use of hybrid catfish, split pond systems, and mechanization of
processing (Robert Nathan Gregory, 2017).
Catfish species in the United States include channel catfish (Ictalurus punctatus),
blue catfish (Ictalurus furcatus), and flathead catfish (Pylodictis olivaris). Blue catfish
are found in the Mississippi, Missouri, and Ohio river basins of central and southern
United States. On the other hand, flathead catfish are found from the lower Great Lakes
through the Mississippi river watershed to the Gulf States (Jin et al., 2016). Hybridization
between some of these species has been implemented for the catfish industry, yielding a
hybrid channel catfish female x blue catfish male (CxB hybrid or F1 hybrid). This hybrid
has some advantages over the channel catfish (Dunham & Masser, 2012). Consequently,
catfish production in the country primarily includes channel catfish, blue catfish, and the
F1 hybrid (Jin et al., 2016). The F1 hybrid has better yield, higher disease resistance and
growth rates, and more uniform size and shape than channel catfish (Dunham & Masser,
2012). Total production can be increased by 20% to 30% with the use of F1 hybrids
(Sandra Avant, 2013).
Economic impact of catfish industry
Farm-raised channel catfish has an economic importance in the United States,
taking the eighth place among the most consumed fish and seafood in the country
(Hanson & Site, 2015). The top producers of catfish are Mississippi, Alabama, Arkansas,
6

and Texas, representing $365,435 million dollars in total sales for 2017. The industry
plays an important role in the economy of the state of Mississippi, which leads the catfish
production in the country with 14,609 ha (36,100 acres) (2018) used for production,
91,240 million of catfish raised (2018), and $214,596 million dollars in total sales (2017)
(NASS, 2018).
The number of catfish processing facilities in the United States has varied from
18-28 processors since 1990. In 2016, there were 12 major processors identified,
reporting a production capacity greater than 23 million kg/year (50 million lb/year).
These, combined with the medium and small plants, processed over 143 million kg (315
million lb) of liveweight catfish (MSU-Extension, 2018b).
Although the catfish industry is well developed in the country, high feed prices,
less expensive foreign species, and static live fish prices have negatively affected
Mississippi catfish producers. This situation has triggered a reduction in the production
from 52811 ha (130,500 acres) in 2001 to 14043 ha (34,700 acres) in 2017 (MSUExtension, 2018a).
Catfish processing and products
Catfish processing involves the slaughter and further processing of whole live
catfish into finished products (USDA-FSIS, 2017). Facilities adapt their operations based
on their hazard analysis and the types of catfish products they commercialize. There is a
“Generic Catfish Producer Operation Processing Steps” guideline provided by the U.S.
Department of Agriculture Food Safety Inspection Service (USDA-FSIS) to assist catfish
processing plants (USDA-FSIS, 2017). Processors must establish an operation that
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prevents Salmonella spp. and other possible pathogens from growing on fish (Tompkin,
1996).
In general, processing starts with the receiving of live catfish. Thereafter, catfish
are stunned, sorted and deheaded (slaughter steps). Fish are then passed to the
evisceration station, where they are either vacuum or mechanically eviscerated. Skin is
removed, and the fish used for getting fillets are split in two parts. Fillets are handtrimmed to get fillets and/or nuggets. Then, all catfish products (whole dressed fish,
fillets, and nuggets) are placed into a chilling system to remove the fish heat. Trimming is
an operation that can be done either before or after chilling. Fresh products are sizegraded and packed for commercialization or maintained in containers for further
processing. Products that are sold frozen are injected with a phosphate (or marination)
solution and individually quick frozen (IQF). These products are water glazed, weighed,
packed, stored and shipped frozen. Marinating, tumbling and breading are steps only
applied for breaded IQF products (USDA-FSIS, 2017).
Catfish products include whole dressed (fresh or smoked), steaks (fresh or
frozen), fillets (fresh, frozen, breaded, marinated or smoked), shank fillets, nuggets, and
strips and fingers (fresh, frozen or breaded) (Silva & Dean, 2001; The Catfish Institute,
2018). The most demanded products by consumers are fillets which represent 60% to
70% of total production. Whole dressed fish, nuggets, breaded products, marinated
products, and strip/finger products account for 10-15% each. Frozen products are usually
sold to distributors, national restaurant chains, and direct end users. Fresh products are
sold to retail grocery stores, supermarket chains, and chain restaurants (MSU-Extension,
2018b).
8

Slush ice chilling technology in the fish industry
Chilling is defined as the process to reduce the temperature of a food to a point
above its freezing temperature. This technology helps to slow down microbiological and
biochemical reactions in the products. Effective chilling depends on the initial microbial
load, chemical composition, temperature, relative humidity, and air velocity (Gokoglu &
Yerlikaya, 2015).
There are different chilling methods used in the fish industry. The classification is
based on the cooling agent used for lowering the temperature. Chilled water, refrigerated
seawater, ice, slush ice, and refrigerated air are the common cooling agents that are used
in the industry (Gokoglu & Yerlikaya, 2015; Graham, Johnston, & Nicholson, 1993).
Slush ice chilling has been used over the past 30 years in the seafood industry for
storage and transportation of fish during harvesting and processing operations (Wang,
2017). Today, more than 700 slush ice systems are installed in the industry (Kauffeld et
al., 2010). Slush ice, also known as fluid ice, slurry ice, liquid ice or flow ice (Piñeiro et
al., 2004), consists of a mixture of ice particles and water. The ice crystals have an
average diameter equal or smaller than 1 mm (Egolf & Kauffeld, 2005). The binary
system contains water and usually 25–30% of ice crystals, although this proportion can
vary depending on the food product and processing specifications (Piñeiro et al., 2004).
Using slush ice alone for the chilling process is not enough to lower the
temperature about -1°C to -2°C. Sodium chloride is usually added as a freezing point
depressant additive to reduce the melting point of ice and achieve the desired subzero
temperature. This additive enhances the chilling effect and induces ice particle smoothing
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(Kauffeld et al., 2010). Slush ice can also be combined with other additives, such as
ozone to improve the quality and shelf life of products (Campos et al., 2005).
Slush ice generators are commonly equipped with a refrigeration system, a
pumping control station, and an ice mixing/storage tank. The automation and pumpability
allows for more hygienic fish handling (Kauffeld et al., 2010). When sodium chloride is
used as a freezing point depressant, a brine solution is stored in a tank and then mixed
with the slush ice in the mixing tank.
This chilling method is commonly applied for fresh fish cooling. Several authors
have reported that slush ice offers better quality than flake ice in preserving fish due to a
faster chilling rate (higher heat-exchange capacity) and less physical damage (Piñeiro et
al., 2004; Zhang et al., 2015). Additionally, slush ice can cover the fish surface, which
inhibits oxidation and dehydration (Piñeiro et al., 2004).
When compared to water chilling, the main advantage of slush ice chilling is the
time and amount of cooling agent needed to chill the fish. Since ice possesses latent heat
of fusion 334kJ/kg (144 BTU/lb) as compared to water that only uses specific heat 4.2
kJ/kg oC (1 BTU/lb oF), the rate of cooling per unit mass is much faster using slush ice
(higher heat transfer coefficient) (Potter & Hotchkiss, 1995). There is a great enthalpy
change when ice is melting; however, the temperature change of ice slush is smaller than
ice.
Siluriformes inspection and FSIS risk analysis based on Salmonella spp.
Since 2015, Siluriformes including catfish are officially under USDA-FSIS
jurisdiction. FSIS now has the authority to oversee domestic and imported Siluriformes.
USDA-FSIS inspects slaughter and processing facilities to ensure that the requirements
10

consigned in the final rule pertaining to mandatory inspection of catfish and catfish
products are met (Federal Register, 2015). Thereby, catfish facilities must comply with
the Hazard Analysis and Critical Control Point (HACCP) and sanitation requirements
that have been established in the regulation. FSIS risk assessment identified nontyphoidal Salmonella spp. as the greatest microbial hazard associated with catfish
consumption. The FSIS justifies the decision for three things: Salmonella spp. incidence
data found in the literature, a Salmonella outbreak linked to catfish consumption reported
in 1991, and the FDA import data related to catfish contaminated with Salmonella spp.
(41.91% of total violation cases) (Bauer et al., 2012).
Salmonella spp. can be detected on catfish skin, in catfish ponds (water and mud),
on catfish products (fillets before and after chilling, nuggets), and in food processing
environments (de-heading belt, trimming table, containers with fish, belt after chilling,
waste belt, and drain) (Arroyo-Llantín, 2013; Heinitz et al., 2000; Siberio-Pérez, 2017).
The incidence of Salmonella spp. in final catfish products (fillets) has been reported to be
less than 10% (Andrews etal., 1977; Arroyo-Llantín, 2013; Siberio-Pérez, 2017).
However, one research conducted by Pal & Marshall (2009) found a Salmonella
incidence as high as 33% in channel catfish fillets. When the microorganism is present in
the final product, the cooking process is more than adequate to inactivate Salmonella spp.
and other vegetative pathogens of concern (Rajkowski, 2012). Catfish is sold raw, so it is
cooked by the end-user.
In 1991, catfish was associated with a foodborne outbreak linked to Salmonella
ser. Hadar. Ten people became sick after eating catfish in a restaurant in New Jersey
(CDC, 1991). However, this incident was unclear since there were other possible foods
11

that could have been the source of Salmonella ser. Hadar. After this event, there were no
reported outbreaks associated with catfish or catfish products. (GAO, 2012; McCoy et al.,
2011).
Incidence of Salmonella spp. in fish, fish products, and seafood
Salmonella spp. is a foodborne pathogen that is widely distributed in nature. The
bacterium can be found in humans, animals-specially mammals, birds, reptiles- plants,
and the environment (Brandl, Cox, & Teplitski, 2013; Jay, Loessner, & Golden, 2008).
Salmonella spp. have been isolated from a variety of foods including beef, chicken, fish,
other seafood, eggs, fruits, pork, sprouts, vegetables, nut butters, almonds, cereal,
powdered milk, chicken nuggets, and stuffed chicken entrees (CDC, 2017; Finn et al.,
2013; Heinitz et al., 2000). Salmonella spp. are Gram-negative, nonsporulating,
facultative anaerobic rods. They are motile and can grow between 5oC to 46oC with an
optimum growth temperature between 35oC to 37oC (Ray, 2005).
Salmonella spp. was the pathogen most found in foods and associated to
foodborne outbreaks (149 outbreaks) in the United States in 2015 (CDC, 2015).
Salmonellosis accounts for the majority of illnesses and hospitalizations in the country,
causing 1.2 million foodborne illnesses, 23,000 hospitalizations, and 450 deaths each
year (CDC, 2018). The common symptoms of Salmonellosis include diarrhea, fever, and
abdominal cramps. However, severe cases can result in death (CDC, 2018).
The relationship between Salmonella spp. and fish is well documented. The
bacterium has been isolated from seafood products, fish, and aquaculture environments
(CDC, 2015; Feldhusen, 2000; Guerin et al., 2004; Koonse et al., 2005; Ponce et al.,
2008). The incidence of Salmonella spp. in which fish or shellfish was the vehicle of
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transmission for multistate outbreaks accounts for 4.8% (3 out of 63) from 2010 to 2014
(Crowe et al., 2015). Furthermore, Salmonella spp. was the main cause of freshwater fish
outbreaks between 1998 to 2007 (McCoy et al., 2011). The high risk associated with
Salmonellosis is presented when the food is consumed raw. For example, frozen raw tuna
has been identified as the source of Salmonella spp. in an outbreak linked to sushi,
sashimi, and ceviche (CDC, 2015a). In addition, raw oysters were suspected as the
potential Salmonella source of a foodborne outbreak in 2015 (CDC, 2015b).
Fecal matter from wildlife, principally birds, is considered one of the main
sources of Salmonella spp. for aquaculture species (Berg & Anderson, 1972; Palmgren,
2002). Bird droppings can contaminate the ponds and then be transmitted to the fish. The
presence of Salmonella spp. in wild birds can be a consequence of carnivorism or
environmental contamination. For example, a bird of prey usually eats its prey.
Salmonella spp. can be present in the prey and then be transmitted to the predator,
becoming part of the intestinal flora. Other wild birds, like scavengers, get their food
from landfills, garbage, and in general the leftovers they find in the environment.
Salmonella spp. can be transmitted as a result of eating contaminated waste (Tizard,
2004). In general, fish and shellfish collected from water that is contaminated with
human and animal waste can contain Salmonella spp.
Aquaculture feeds can also be a route of Salmonella transmission for fish and
shellfish (Elsaidy, Abouelenien, & Kirrella, 2015; Jones, 2011). Feed that is not handled
properly and under hygienic conditions can be easily contaminated with different
pathogens (Lunestad et al., 2007). Moreover, some serotypes of Salmonella spp. can
produce biofilms on feed processing surfaces. A study carried out in fish meal and feed
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factories (Vestby, 2009) found that Salmonella spp. could persist in the environment for
several years. The study found that strains of serotype Agona and Montevideo showed
the best biofilm forming capacity. This microorganism can form biofilms on surfaces,
persisting in the processing environment and increasing the risk of feed contamination.
Fish and shellfish can also be contaminated with Salmonella spp. during storage
and processing (Arroyo-Llantín, 2013; Martinez-Urtaza et al., 2004; Siberio-Pérez,
2017). Catfish as a freshwater fish, has been previously associated with Salmonella spp.
Final products have a possibility of being contaminated either by introduction of the
pathogen from live fish or by cross-contamination in the plant. Salmonella spp. has been
detected on catfish skin, in catfish ponds (water and sediment), on catfish products (fillets
before and after chilling, nuggets), and in the food processing environment (de-heading
belt, trimming table, containers with fish, belt after chilling, waste belt, and drain)
(Arroyo-Llantín, 2013; Heinitz et al., 2000; Siberio-Pérez, 2017). Some of the serotypes
that have been isolated include Braenderup, Typhimurium, Javiana, and Saintpaul. In
addition, different catfish organs such as the intestine, liver, gills, and muscle have been
reported to be contaminated with the pathogen (Bibi et al., 2015).
Salmonella spp. incidence in fish can be influenced by climatic conditions. Pond
water with a temperature of approximately 26oC (79oC) is suitable for Salmonella growth
(Wyatt, Nickelson, & Vanderzant, 1979). During the winter season (temperature range
10oC-21oC), the pathogen may survive but not grow, which results in a low incidence in
live fish, the processing environment, and catfish products. Siberio-Pérez (2017) reported
a higher prevalence of Salmonella spp. on catfish skin, in sediment, in pond water, and in
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the processing environment during the summer than during the fall and winter. ArroyoLlantín (2013) reported similar results from samples collected on catfish skin and fillets.
Salmonella spp. have been isolated not only from domestic fish but also from
foreign fish (D ’aoust et al., 1992; Kumar, Surendran, & Thampuran, 2009; Raufu et al.,
2014; Zhao et al., 2003). The highest incidence of Salmonella spp. on seafood was
reported in central Pacific (12.5%) and Africa (11.5%), while the lowest incidence was
found in North America (1.6%) and Europe and Russia (1.2%). Imported fish and
seafood commonly have a higher incidence of Salmonella spp. than domestic fish and
seafood. Between 1990 to 1998, Salmonella spp. were detected in 1.3% domestic seafood
and 7.2% imported seafood. The pathogen had the highest prevalence in imported raw fin
fish/skin fish (12.2%) (Heinitz et al., 2000). In addition, Salmonella spp. have been
identified as the main violation found by FDA in imported catfish (Bauer et al., 2012).
Studies in other countries on fish have reported a Salmonella incidence above 10%
(David et al., 2009; Elhadi, 2014; Kumar et al., 2009; Raufu et al., 2014). Contamination
of lakes from runoff water that contain wildlife, cattle or poultry feces and agriculture or
forestry soils may contribute to this high Salmonella incidence. In addition, unsanitary
conditions during harvesting, transportation, and selling (market place) are also
associated with Salmonella spp. contamination (Raufu et al., 2014). A study conducted
by Elhadi (2014) on seven types of fish (catfish, carfu, mirgal, milkfish, mackerel, tilapia,
and rohu) that were imported from five different countries (Thailand, India, Bahrain,
Vietnam and Myanmar) to Saudi Arabia, found a considerable high prevalence of
Salmonella spp. on fish (39.9%). The use of farm-made feeds for aquaculture, especially
in the Asia region, using ingredients such as animal viscera without further pasteurization
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contributes to this high incidence (New et al., 1995). Another public concern in foreign
countries is the excessive use of antibiotics in fish farming, which leads to an increase in
drug resistance. Several studies on foreign fish have reported the presence of Salmonella
strains resistant to either one or more antibiotics, such as tetracycline, chloramphenicol,
clindamycin, ampicillin, rifampicin, and nalidixic acid (Budiati et al., 2013; Elhadi, 2014;
Zhao et al., 2003).
Intervention methods for Salmonella spp. reduction in fish, fish products, and
seafood
Different methods have been studied and applied to control Salmonella spp. in
fish and fish products. These methods are premised on three aspects: prevent the
pathogen from entering, eliminate the pathogen, and control growth when the kill step
does not take place or does not destroy the microorganism. Prevention refers to
implementing Good Aquaculture Practices for Fish Farming (GAP-FF), Good
Manufacturing Practices (GMPs), and sanitation procedures in place. Elimination and
control growth measures are based on exposing the bacteria to physical and/or chemical
stress conditions in order to reduce their presence to safety levels (FSPCA, 2016).
Chemical Treatments
Chlorine and chlorine dioxide
Chlorine is the most widely used chemical treatment in the industry, where
hypochlorous acid (HOCl) and hypochlorite (OCl−) are applied to water that is used in
the processing line (Wan et al., 2010). Current Codex Alimentarius recommendations
have stablished that 10 mg/l chlorine is the maximum dose for water in direct contact
with fish products. The main advantages of chlorine disinfectants are their effectiveness
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against most bacterial waterborne pathogens (wide spectrum), the lasting protection due
to residual levels, and low cost. The major disadvantage is the formation of hazardous byproducts (trihalomethanes and haloacetic acids) when chlorine is in contact with
inorganic or organic matter, especially protein (Codex Alimentarius, 2000). Chlorine
dioxide has emerged as an alternative to chlorine and hypochlorites. This disinfectant is
bactericidal in a pH range of 3-9, in comparison to the limited pH range (7-8) needed for
liquid chlorine to be effective. Additionally, chlorine dioxide can be seven times more
potent than liquid chlorine (Huang et al., 1997), and has not been associated with
significant formation of trihalomethanes and haloacetic acids (Amy et al., 2000). Crushed
ice that is made of chlorine dioxide can reduce the presence of Escherichia coli O157:H7,
Salmonella ser. Typhimurium and Listeria monocytogenes on mackerel fish skin (Shin,
Chang, & Kang, 2004). However, application of high concentrations of chlorine dioxide
solutions (100 ppm or 200 ppm) can trigger unpleasant odor and discoloration on some
seafood products (Kim et al., 1999).
Ozone
Ozone is an approved disinfectant for the seafood industry and is considered a
good oxidizing agent that can inactivate vegetative cells and spores (Kim, Yousef, &
Dave, 1999; Savini, 2016). Although several studies have indicated that Salmonella spp.
in foods can be reduced by the presence of ozone treatment (Daş, Gürakan, & Bayındırlı,
2006; Rodriguez-Romo & Yousef, 2005; Torlak, Sert, & Ulca, 2013), the disinfectant has
shown to be ineffective in reducing the presence of Salmonella ser. Typhimurium in
studies conducted on shrimp meat (5.2 mg ozone/L, 5°C) (Chen et al., 1992), Tambaqui
(Colossoma macropomum) specimens, and species from Brazil (0.35ppm – 9.1ppm
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ozone, 2oC - 21oC) (de Bem Luiz et al., 2017). This indicates that the efficacy of ozone is
greatly affected by the type of food product, time of exposure, and ozone concentration
used. Ozone effectiveness depends on temperature, pH, humidity, the amount of organic
matter, and compounds in the medium. In addition, an excessive amount of ozone can
cause oxidation in the food, which leads to unpleasant color and flavor (Kim et al., 1999).
Sodium lactate
Sodium lactate alone or in synergistic combination with other antimicrobials has
been effective in controlling Salmonella spp. Irfan Ilhak & Sahan Guran (2014) reported
that fish patties treated with 0.1% thymol + 2% sodium lactate demostrated a synergistic
effect against Salmonella ser. Typhimurium. Furthermore, Da Silva (2002) found that
fresh blue catfish that was treated with 3% sodium lactate (30 min) or with 3% sodium
lactate + 5% rosemary extract (30 min) had higher inhibition of Salmonella spp. than
samples treated with 25% sodium chloride + 1% ascorbic acid (30 min-60min), 5%
sorbic acid (30 min), and the control (non-treated samples). The disadvantages of sodium
lactate can include that high concentrations may impart an acid taste to the food, increase
thermal resistance of bacteria (Juneja, Hwang, & Friedman, 2010), intensify the rancidity
in food products, and add excess sodium to the product (Mohammed Shafit & Williams,
2010).
Electrolyzed oxidizing (EO) water
Electrolyzed oxidizing water has been effective at controlling some foodborne
pathogens (Kim, Hung, & Brackett, 2000). Tang et al. (2011) stated that the bactericidal
effect is due to a decrease in dehydrogenase activity, an increase of membrane
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permeability and suspension conductivity, and leakage of intracellular K+, proteins and
DNA. A study conducted on frozen shrimp (Farfantepenaeus aztecus) indicated that
acidic EO water (40 ppm free available chlorine) was as effective as liquid chlorine (the
same concentration) to decrease Salmonella spp. on inoculated shrimp for up to 119 d of
frozen storage (Loi-Braden et al.,2006).
Physical Treatments
Cooking, pasteurization
Salmonella spp. can be killed by heat thermal treatments. Lerke & Farber (1971)
reported that pasteurization for 1 min at 180°F (82°C) destroyed 107-108 cells of
Salmonella spp. on inoculated Dungeness crab and Pacific Coast shrimp. Sheen, Huang,
& Sommers (2012) stated that after 2 min of 1250W microwave heating (where the fillet
surface temperature increased from 10-20°C to 80-90°C), there was a Salmonella spp.
reduction of 4-5 log CFU on inoculated catfish fillets. Additionally, in a review prepared
by Doyle & Mazzotta (2000) about the thermal resistance of Salmonella spp., two studies
are associated with shellfish. One study revealed that the D-values for heat-resistant
Salmonella ser. Senftenberg in homogenized oysters was 35 min at 56°C or 0.3 min at
70°C. The second study determined that an internal temperature of 93°C for 6 min in
Moroccan food snails can kill both surface and subsurface Salmonella spp.
Irradiation
Irradiation is an alternative for thermal process to decontaminate solid food
products. This technology is one of the most effective methods for decreasing the
microbial load on the surface of fresh meat. Pasteurization and sterilization doses may
19

render the product unacceptable to consumers due to diminished sensory quality.
Irradiation, on the other hand, does not negatively alter the sensory attributes depending
on dose (Moini et al., 2009). A study conducted by Collins et al. ( 2010) indicated that
low doses of X-ray irradiation (0, 0.5, 1.0, and 1.5 kGy) did not affect the color, texture,
and oxidation of raw channel catfish fillets when compared to untreated samples.
The irradiation dose that is used depends on the type of food and the desired
effect. Irradiation inactivates microorganisms, including pathogens such as Salmonella
spp., Vibrio parahaemolyticus, Escherichia coli, Staphylococcus aureus, and Listeria
ivanovii, which enhances the safety of different fish and seafood products (Mahmoud et
al., 2016; Mahmoud & Burrage, 2009; Moini et al., 2009; Young Lee et al., 2005).
Although irradiation seems to be effective in eliminating or reducing pathogens on fish
and fish products, there is a negative perception among some consumers who do not fully
understand the technology and its benefits (Maherani et al., 2016).
Modified atmosphere packaging (MAP)
Modified atmosphere packaging improves the shelf life of different food products,
including raw fish and seafood. MAP usually consists of a mixture of gases (CO2 and N2)
(Goulas et al., 2005; He et al., 2018). The effectiveness of this preservation method
depends on the type of product, gas mixture levels, temperature and packing material
(Hall, 2012). Provincial et al. (2013) investigated the survival of Salmonella ser.
Enteritidis in sea bream (Sparus aurata) fillets packaged under high levels of CO2 (6080%) and N2. Their research indicated that MAP was better than aerobic packaging at
decreasing Salmonella count. Contrary to this result, Silva & White (1994) reported that
Salmonella spp. may be detected in channel catfish even though an elevated CO2 level
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was applied (25% CO2 and 80% CO2 with air at 2oC and 8oC for 4 weeks). Silva, White,
& Sunyavivat (1998) analyzed Salmonella counts for inoculated channel catfish fillets
after packaging aerobically or under 90% CO2 with air at 0°C and 10°C for 28 d. The
pathogen was inhibited under MAP conditions at both temperatures, with the greatest
reduction at 0°C. However, some cells were still present after the treatments were
applied.
Refrigeration
Refrigeration can delay the growth of Salmonella spp. and other microorganisms.
Cold temperatures lengthen the lag phase and decrease the rate of microbial growth.
Additionally, low temperature increases the minimum water activity required by
microorganisms ( Zhou et al., 2011; Matches & Liston, 1972). Matches & Liston (1972)
reported that 24 d of exposure to a nutritive broth at 8°C reduces Salmonella spp. by
approximately 2-3 log cells/ml. A study on raw yellowfin tuna that were stored at 5°C –
7°C for 14 d (Liu, Mou, & Su, 2016) indicated that Salmonella spp. count declined
gradually during refrigerated storage. The author also reported that serotype Weltevreden
was less cold tolerant than serotype Newport. The minimum growth temperature for
Salmonella spp. was 5oC (Ray, 2005). However, several authors have reported that the
microorganism can survive in a food product at frozen temperature for many months
(Dominguez & Schaffner, 2009; Thushani, Ariyawansa, & Arampath, 2003; Uesugi,
Danyluk, & Harris, 2006). Survival of bacterial cells is more pronounced at a very low
temperature (‐20 °C) than at temperatures near the freezing point of water (‐2 °C and ‐5
°C) (Foster & Mead, 1976). Thushani et al. (2003) reported that Salmonella ser.
Typhimurium can survive in an inoculated shrimp slurry for 8 weeks of storage at -24oC
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and be reduced only by 3 log cycles. This may happen because cold-shock activates the
stress-response regulons in Salmonella ser. Typhimurium (McMeechan et al., 2007).
Slush ice chilling as an alternative method for Salmonella spp. reduction
Water chilling has been reported as benefitial for Salmonella spp. reduction on
poultry carcass during processing (Bilgili et al., 2002; Demirok et al., 2013; Huezo et al.,
2007). The decontamination benefit is attributed to the “washing effect”, enhanced by the
presence of an antimicrobial in the chiller medium. Antimicrobials used include peracetic
acid, chlorine, chlorine dioxide, bromine, acidified sodium chlorite, and trisodium
phosphate (USDA-FSIS, 2015, 2017b). These compounds are considered effective at
reducing Salmonella spp. (Bauermeister, 2008; USDA-FSIS, 2015; Wideman et al.,
2016). Chilling itself decreases the carcass temperature, by slowing down Salmonella
spp. growth (Tompkin, 1996). In addition, the used of a post-chill antimicrobial treatment
helps to reduce the Salmonella spp. that survive the chill step (Nagel et al., 2013;
Wideman et al., 2016).
Slush ice chilling is postulated as an alternative to conventional water chilling.
The “scrubbing effect” caused on irregular surfaces by the ice crystals of slurry ice has
been suggested by Rowe (2016) as the main advantage with respect to its antimicrobial
mechanism. Bacterial adhesion to a surface is governed by van der Waals forces, steric
interactions, and electrostatic (double layer) interaction. The adhesion to the surface
becomes irreversible when the physical bacterial appendages overcome the physical
repulsive forces (Garrett, Bhakoo, & Zhang, 2008). Adhering particules can be dislodged
by mechanical, electrical, or fluid forces (Fish, 2016). When two solid surfaces are in
contact, the roughness causes multiple contact spots. At these spots, an adhesive contact
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exists that is governed by interatomic interactions. The repeated movement of the
surfaces to each other increases the friction, which causes portions of either surface to
dislocate (Bhushan, 1999). Rowe (2016) stipulated that the contact points between the
slush ice and poultry carcasses probably has more adhesive forces than the contact
between chilled water and the carcasses. The author has found that slush ice chilling with
air agitation and 50 ppm of peracetic acid led to lower counts of Salmonella ser.
Typhimurium (1.2 log reduction) on poultry breast skin than water chilling using the
same conditions (0.6 log reduction). Another study conducted by Smith, Cason, &
Berrang (2005) indicated that slush ice chilling decreased Salmonella spp. incidence
(58%) on inoculated poultry carcasses. However, inoculated carcasses crosscontaminated 25% of the non-inoculated carcasses during chilling. As a conclusion, the
researchers suggested that the chilling process could be improved with the addition of
antimicrobials.
Fish shelf life and slush ice chilling
Since 1988, when the first systematic study about the effects of slush ice on fish
was conducted (Kauffeld et al., 2010), several authors have demonstrated that slush ice
chilling is beneficial for fish products based on quality (Losada et al., 2005; Mugica et
al., 2008; Rodriguez et al., 2004). The “washing and scrubbing” effect, the fast chilling
rate, and the subzero temperatures achieved are proclaimed as the main reasons for the
improvement of the microbial, biochemical, and sensory quality. Mugica et al. (2008), for
example, found that slush ice made from seawater (3.3% salinity) is more adequate than
flake ice during onboard storage (10 d approximately) of ray fish (Raja clavata). They
stated that slush ice chilling helped lower pH, lessen the formation of ammonia
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compounds and TVB-N, lessen the concentration of hypoxanthine (autolytic
degradation), and decrease psychrotrophic and mesophilic counts. Additionally, the
chilling method enhanced the sensory characteristics of ray fish, showing better flesh
consistency and aspect of the skin, gills, and ventral side. Similar to this study, Rodriguez
et al. (2006) reported that storage (40 d) of farmed turbot (Psetta maxima) in slush ice
reduced the formation of TMA-N, the K value (nucleotide degradation), and the total
aerobes, anaerobes, coliforms, and proteolytic bacteria counts. The authors also reported
that sensory quality was improved, which was correlated with the decrease in bacterial
and biochemical degradation.
Similar advantages in terms of microbiological, biochemical and/or sensory
quality has been also observed in tuna (Price, Melvin, & Bell, 1991), European hake
(Rodriguez et al., 2004), sardine (Losada et al., 2004), horse mackerel (Losada et al.,
2005), turbot (Rodriguez et al., 2006), and bighead croaker (Chen et al., 2016). The
combination of slurry ice with other treatments, such as ozone (Chen et al., 2016; Losada
et al., 2004) and sodium metabisulphite (Aubourg et al.,2007) can lead to better quality
and longer shelf life than slurry ice alone.
The quality impact of this chilling technique depends on the species (Piñeiro et
al., 2004). In addition, there are not only positive but also negative effects referenced in
literature. For example, Erikson et al. (2011), indicated that a better gill odor is associated
with salmon (Salmo salar) held on ice for 4 d than with salmon exposed to seawater slush
chilling (24 h) and then stored on ice (3 d). Himelbloom et al. (1994) reported that quality
of pink salmon (Oncorhynchus gorbuscha) was better maintained in ice storage than in
chilled sea water, showing an increase in salt uptake, hypoxanthine formation, and
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softness. The researchers also pointed out an increase in weight during 3-days-storage in
chilled seawater and thereafter a loss in the weight gained when the fish was transferred
to ice storage. Storage in chilled sea water does not exert a significant benefit to herring
when compared to ice. In fact, spoilage can result faster due to the water and salt uptake
(Kelman, 2001). Superchilling storage leads to more denaturation of myobrillar proteins
than chilling storage in salmon (Salmo salar) and cod (Gadus morhua) fillets (Kaale et
al., 2011)
Currently, there is one study in the literature about the effect of slush ice storage
on catfish fillets. Bosworth et al. (2006) exposed deheaded, eviscerated, and unskinned
channel catfish carcasses to slush ice storage for 24 h. These researchers determined that
slush-ice-treated fish had greater fillet and nugget yields and greater surface area than
non-slush-ice-treated fish (filleting before slush ice), but no color differences were
detected between the fillets.
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CHAPTER III
MATERIALS AND METHODS
Materials
Catfish fillets were obtained from a catfish processing plant located in the state of
Mississippi, USA. Ice and water for making the slush ice mixture were obtained from the
Food Processing Plant at Mississippi State University. Sodium chloride (non-iodized
table salt) was purchased from Walmart, Starkville, Mississippi, USA. Salmonella strains
were provided from the collection held at the Mississippi State University Food
Microbiology Lab (Department of Food Science, Nutrition and Health Promotion).
Selective media for Salmonella enumeration
A preliminary microbiological study was conducted to determine the most
suitable method for Salmonella enumeration for the inoculated studies based on survival
of injured cells. Fillets treated under the same conditions as described below in the first
Inoculated Laboratory Study (Effect of slush ice and sodium chloride level on Salmonella
survival, p. 27) were used to enumerate Salmonella spp. The methods were xylose lysine
deoxycholate (XLD) (Thermo Scientific™, Oxoid™, Waltham, MA) agar plates, and
XLD overlaid with tryptic soy agar (TSA) (Thermo Scientific™, Remel™, Santa Fe
Drive, Lenexa, KS) plates according to the Thin agar layer (TAL) Method used by
Chang, Mills, & Cutter (1973). Briefly, 20 ml of XLD was poured into a petri dish and
allowed to solidify. Then, 7 ml of TSA was added onto the XLD agar and allowed to
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solidify. Finally, another 7-ml layer of TSA was added. The plates were used within a
period of 24 h. Salmonella enumeration was done as described below (see Enumeration
of Salmonella spp., pp. 30-31).
Part I - Inoculated Laboratory Study: Effect of slush ice and sodium chloride level
on Salmonella survival
Ten (trimmed/shank) fillets (250g - 350g average) were collected from a catfish
processing plant, after the water chilling step and prior to the slush ice treatment (Figure
A.1). All samples were placed in polyethylene bags (Ziploc® Storage bags, S.C. Johnson
& Son Inc. Racine, WI), stored in an ice chest with ice, and transported to the Mississippi
State University Food Microbiology Lab. The samples were treated within three hours
after collection. Each fillet was aseptically and equally divided into four 25-g pieces (40
total), and each piece was placed in a sterile petri dish.
The pieces were inoculated with a cocktail of Salmonella strains (Inoculum
preparation is described below) by depositing droplets on the top surface using a
micropipette (1% of the weight of the fish fillet piece) (NACMCF, 2010). Samples were
then air dried for 20 min under a biological safety cabinet (22°C ± 2°C). Ten 25-g pieces
(one from each fillet) were immediately tested for enumeration of Salmonella spp. prior
to ice slush treatment (0 h). Six 25-g pieces from two fillets were placed in an empty
plastic covered container and held in a cooler at 2°C ± 2°C for up to 72 h of storage
(STD: standard, untreated samples).
Duplicate untreated samples were taken for enumeration of Salmonella spp. after
24, 48 and 72 h of storage at 2°C ± 2°C. The remaining 24 pieces were treated with a
mixture of slush ice and brine. The pieces were placed in plastic covered containers
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(20x13x6.5cm) containing the slush ice mixture to simulate catfish fillet processing
conditions during chilling in slush ice and storage (Figure A.1), as described below.
The composition of the slush ice mixture was 50% ice and 50% water, prepared
from slush ice and brine at different salt concentrations: 0% (CTL), 1.5%, 3%, and 4.5%.
Briefly, a container (one for each salt concentration) was filled with six 25-g pieces and
then the slush ice mixture was added until the pieces were fully covered (1:2.7 fish:ice
ratio). A plastic cover was placed on the container that contained the slush ice and catfish
pieces and this was stored in a refrigerator at 2°C ± 2°C for up to 72 h of storage. Two
pieces of each treatment were enumerated for Salmonella spp. after 24, 48 and 72 h of
storage. In order to maintain a uniform slurry consistency in the mixture, the water was
drained off (every ~10 h) and the containers were refilled with more slush ice mixture.
Part II - Inoculated Laboratory Study: Salmonella survival over refrigerated
storage
Eight fillets (250g - 350g) were collected from a catfish processing plant prior to
slush ice treatment (Figure A.1) as described previously. All samples were placed in
plastic bags, stored in an ice chest with ice and transported to the Mississippi State
University Food Microbiology Lab. The samples were treated within three hours after
collection. Each fillet was aseptically and equally divided in six 25-g pieces (48 total),
and each piece was placed in a sterile petri dish. The pieces were inoculated followed the
same procedure described previously (see Effect of slush ice and sodium chloride level
on Salmonella survival, p. 27). After this, eight 25-g pieces (one from each fillet) were
immediately tested for enumeration of Salmonella spp. prior to ice slush treatment (day 1). Ten 25-g pieces from two fillets were placed in an empty plastic covered container
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and held in a cooler at 2°C ± 2°C (STD: standard, untreated samples). Duplicate
untreated samples were taken for enumeration of Salmonella spp. at days 0, 3, 6, 9 and 12
of storage.
The remaining 30 pieces were treated with a mixture of slush ice and brine. The
pieces were placed in plastic covered containers (20x13x6.5cm) containing the slush ice
mixture to simulate catfish fillet processing conditions during the chilling in slush ice.
The composition of the slush ice mixture was 50% ice and 50% water, prepared from
slush ice and brine at different salt concentrations: 0% (CTL), 1.5%, and 3%. Briefly, a
container (one for each salt concentration) was filled with ten 25-g pieces and then the
slush ice mixture was added until the pieces were fully covered (1:2 Fish:ice ratio). A
plastic cover was placed on the container with the iced pieces.
The containers with the slush ice and pieces were held in a cooler at 2°C ± 2 °C.
After 24 h (day 0) in slush ice, two pieces from each container were tested for
enumeration of Salmonella spp. All remaining samples from 0% (CTL), 1.5%, and 3%
salt-treatments were transferred to new empty plastic covered containers without slush
ice. They were kept in these containers surrounded by ice at 2°C ± 2°C. Then, two by two
pieces per each container were tested for enumeration of Salmonella spp. at days 3, 6, 9,
and 12 of storage. The ice was changed every ~24 h.
Inoculum preparation
The inoculum was a cocktail consisting of four Salmonella strains (Salmonella
ser. Infantis, Salmonella ser. Hartford, Salmonella ser. Javiana, and Salmonella ser.
Newport) that were previously isolated from catfish fillets and the catfish processing
environment in other research (Siberio-Pérez, 2017). These bacterial strains were held at 29

70 °C in tryptic soy broth (TSB) (Thermo Scientific™, Remel™, Santa Fe Drive,
Lenexa, KS) with 25% glycerol at the Mississippi State University Food Microbiology
Lab. Aliquots of each stock culture were streaked in tryptic soy agar (TSA) and incubated
at 37°C ± 2°C for 24 h. Single colonies were streaked on TSA slants and incubated for 24
h at 37°C ± 2°C. These working cultures were stored at 2°C ± 2°C and used for no more
than one month (Lourenço et al., 2017).
The inoculum was prepared following the procedure used by Oladunjoye et al. (2013)
with modifications. A loopful from each culture was transferred to 10 ml TSB and
incubated at 37°C ± 2°C for 22 h. One ml from each culture were mixed together, and the
resulting mix was diluted in 4 ml of 0.8% saline. Then, 200 ml of the diluted mix was
transferred to a 10 mm cuvette, and the optical density (OD) at 600nm was measured
using a UV-VIS spectrophotometer (Shimadzu Scientific Instruments, Columbia, MD).
The resulting mix with a known OD was used to prepare an inoculum that reached ~8 log
CFU/ml. The inoculum level was confirmed by spread plating (0.1 ml) on Xylose Lysine
Deoxycholate agar (XLD). The plates were incubated at 37°C ± 2°C for 24 h.
Presumptive Salmonella spp. colonies (black colonies) were counted and results were
reported as log CFU/ml. After inoculating the catfish fillet pieces, the initial pathogen
level in the samples was 5-6 log CFU/g. The pathogen level was confirmed as described
below (see Enumeration of Salmonella spp., pp. 30-31)
Enumeration of Salmonella spp.
Enumeration of Salmonella spp. was done following the procedure used by
Oladunjoye et al. (2013) with modifications. Each precut 25-g piece was placed in a
sterile bag with 225 ml of 2% buffered peptone water (BPW) and homogenized in a
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stomacher (Stomacher 400 Circulator, Seward, Cincinnati, OH) for 2 min. The samples
were serially ten-fold diluted using 0.1% BPW. From each dilution, an aliquot of 0.1 ml
was spread on the surface of XLD agar plates. The plates were incubated at 37°C ± 2°C
for 24 h. Presumptive Salmonella spp. colonies (black colonies) were counted and results
were reported as log CFU/g. Some presumptive Salmonella spp. colonies were selected
and confirmed with PCR following the procedure described by Siberio-Pérez (2017).
Part III - Sensory analysis and quality determination of catfish fillets
Sample collection
Catfish fillets (80 g –150 g) were collected from a catfish processing plant at three
points: before water chill/after trimming (BC fillets), after water chill (AC fillets), and
after ~24 h in slush ice chill (AS fillets) (Figure A.1). All samples were placed in separate
polyethylene bags (Ziploc® Storage bags, S.C. Johnson & Son Inc. Racine, WI) , stored
in an ice chest with ice, and transported to the Mississippi State University’s AmmermanHearnsberger Food Processing Laboratory. The fillets were labeled and immediately
stored in a cooler at 2°C ± 2°C for up to 12 d. At days 1, 5, 9 and 12, fillets from each
point (BC, AF, and AS fillets) were evaluated for sensory, instrumental color and
microbiological analysis. The ice surrounding the samples was changed every 3 d
approximately.
Sensory analysis
Five semi-trained panelists assessed the fillets on each specified day. The
panelists were trained and familiarized with the sensory attributes for fresh catfish fillets.
The evaluation was done based on the 5-point rating scale used by Kim et al. (2000) with
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some modifications. Each fillet was evaluated for appearance (5: fresh, translucent,
shinny; 3: dull; 1: slimy, green), redness (5: ivory; 3: yellow to pink; 1: red), texture (5:
firm; 3: slightly elastic; 1: flaky, mushy), odor (5: fresh, no odor; 3: slightly sour; 1:
putrid, spoiled), and drip (5: none; 3: slightly; 1: extensive). Each fillet was presented in a
polyethylene bag on a paper plate and labeled with a 3-digit random number. No more
than three fillets (1 BC fillet, 1 AC fillet, and 1 AS fillet) were presented at each sensory
evaluation session. The main aim of the panel was to identify the spoilage point of each
of the samples. At the end of each section, the purchasing decision among the fillets was
evaluated. The panelists were asked “Which fillet would you buy?”.
Instrumental color analysis
A Mini Scan EZ 450/00 spectrophotometer (Hunter Associates Laboratory,
Reston, Virginia) was used to measure the CIELAB color values (L*, a*, b*) on the
inside (bone-side) of the fillets (Bosworth et al., 2006). The spectrophotometer was
calibrated using a glass port and a calibrated white standard following the instructions
provided by Hunter Associates Laboratory Inc (Hunterlab, 2012a). The
spectrophotometer was used according to manufacturer’s instructions. The
illuminant/observer was D65/10o. The color values for each fillet was the average of three
measurements. Color was expressed as L* (lightness; higher values indicate lighter color;
L=100 (white), L=0 (black)), a* (redness; higher values indicate more red in color; +a:
red, -a: green), and b* (yellowness; higher values indicate more yellow in color; +b:
yellow, -b: blue) (Hunterlab, 2012). Chroma values (C*) was calculated as (a2 + b2 ) ½,
and Hue angle (ho) was calculated as the arctangent of b*/a* (Jha, 2010).
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Microbiological analysis
The samples were tested for psychotrophic plate counts (PPC), total coliforms
counts (TCC), and generic E. coli counts using 3M™ Petrifilm™ plates (3M™
Petrifilm™ Aerobic Plate Count, E. coli/Coliform Count Plates, 3M Food Safety
Department, St. Paul, MN) according to manufacturer’s instructions. Aerobic Count
Petrifilm™ plates were used for psychrothophic count. Samples were tested following the
procedure used by Siberio-Pérez (2017) with some modifications. Twenty-five g of each
fillet was aseptically cut and placed in sterile bags with 225 ml of 0.1% BPW. Samples
were homogenized for 2 min in a stomacher (Stomacher 400 Circulator, Seward,
Cincinnati, OH), and then serially ten-fold diluted using 0.1% BPW. An aliquot of 1 ml
was placed in each petrifilm plate and incubated for 24–48 h at 37°C ± 2°C for TCC and
E. coli, and for 72 h at 20°C ± 2°C for PPC (Kim et al., 2000). After incubation, colonies
from a countable plate, were counted and reported as log CFU/g.
Experimental Design and Statistical Analysis
In the preliminary study (selective media for Salmonella enumeration), a 5 x 4 x 2
factorial arrangement (salt concentration x time (h) in slush ice x selective media) in a
randomized complete block design with two replications was used to determine if
differences existed (P≤0.05) between XLD media and XLD overlaid with TSA media for
enumeration of Salmonella spp.
For the inoculated laboratory study (part I), a 5 x 4 factorial arrangement (salt
concentration x time (h) in slush ice) in a randomized complete block design with five
replications (blocks) was used to analyze the effect of sodium chloride and slush ice chill
(up to 72 h) on the survival of Salmonella spp. on catfish fillets. For the inoculated
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laboratory study (part II), a 4 x 6 factorial arrangement (salt concentration x day of
storage at refrigeration temperature) in a randomized complete block design with three
replications (blocks) was used to determine the effect of extended refrigerated storage (up
to 12 d) of slush-ice fillets on the survival of Salmonella spp.
For the sensory analysis of catfish fillets (part III), a 3 x 4 factorial arrangement
(sampling point x time in storage at refrigeration temperature) in a randomized complete
block design with five panelists and three replications (blocks) was used to determine if
there were differences (P≤0.05) in sensory attributes among BC fillets, AC fillets, and AS
fillets. For instrumental color and microbiological analysis, a 3 x 4 factorial arrangement
(sampling point x time in storage at refrigeration temperature) in a randomized complete
block design with three replications (blocks) was used.
When significant (P≤0.05) interactions existed, interaction means were analyzed;
otherwise individual significant factors’ means were analyzed. Data was analyzed
utilizing Tukey’s Honesty Significant Difference (HSD) test to separate treatment means
(P≤0.05) when differences existed (SAS Version 9.4).
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CHAPTER IV
RESULTS AND DISCUSSION
Selective media for Salmonella enumeration
The interaction between salt concentration, time in slush ice, and selective media
did not affect (P>0.05) on Salmonella spp. counts and reduction on catfish fillets.
Salmonella spp. counts were greater (P≤0.05) utilizing thin agar layer (TAL) media than
xylose lysine deoxycholate (XLD) media. However, there were no differences (P>0.05)
in Salmonella spp. reduction by selective media type (Table 4.1). Even though statistical
differences existed, these were very small, ~0.07 log CFU/g, indicating no practical
difference regardless of selective media. When comparing the mean for each method
(selective media) and each salt concentration, there were no differences (P>0.05) between
the values. The difference obtained was due to the variability in counts among the STD
(standard, untreated) samples.
The exposure of the catfish fillets to cold temperatures (~ 0°C) (cold shock) may
not be enough to greatly stress the cells and thus find differences in media. Similar results
were reported by Boziaris & Adams (2001) who found that reduction counts of
Salmonella ser. Enteritidis PT4 and Salmonella ser. Enteritidis PT7 were not different
between non-selective media and selective media when exposed to chilling at 0.5°C for 2
h. Based on these findings, with no notable differences using non-selective method versus
selective method, XLD agar was chosen for further experiments.
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Part I - Inoculated Laboratory Study
Catfish fillets treated with slush ice and salt for 24, 48, and 72 h
Salmonella spp. counts on catfish fillets were affected (P≤0.05) by the interaction
of salt concentration and time in slush ice. Salmonella spp. counts (Figure 4.1) show
similar (P>0.05) values after 72 h in slush ice for all salt concentrations, except for STD.
The counts exhibit a decreasing tendency for all samples except the STD (Figure 4.1).
These results indicate that Salmonella spp. was mainly affected by the slush ice
chilling, regardless of the presence of salt (Table 4.2). Rowe (2016) reported similar
results when comparing slush ice chilling and water chilling using air agitation and 50
ppm of peracetic acid in both chilling systems. Slush ice treatment (1.2 log reduction) led
to lower counts of Salmonella ser. Typhimurium on poultry breast skin than water
chilling treatment (0.6 log reduction). The “scrubbing effect” caused on irregular surfaces
by the ice crystals in the slurry was postulated as the main reason of its antimicrobial
effect. Thus, the size and shape of the ice crystals could influence microbial load
reduction. In contrast, Morris & Wells (1970) reported that chilling with ice slush by
rotation increased the prevalence of Salmonella spp. in poultry carcasses. They found
Salmonella spp. in 5 of 126 (4%) carcasses before slush ice chilling and in 16 of 146
(11%) carcasses after chilling. The researchers suggested that the high incidence of
Salmonella spp. is a result of cross-contamination due to the extensive contact among the
carcasses in the chilling tank.
The maximum Salmonella spp. reduction was achieved in ice slush, regardless of
salt concentration (Table 4.2). Matches & Liston (1972) reported that 3 d of exposure to a
nutritive broth containing 0-4% salt and stored at 8°C affected three serotypes of
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Salmonella spp. differently. The authors found that Salmonella ser. Heidelberg was only
reduced in the medium containing 4% salt. Salmonella ser. Typhimurium was reduced in
all the nutritive broths and the greater reductions were observed with 3-4% salt. Contrary
to these two serotypes, Salmonella ser. Derby was mainly reduced with the medium not
containing salt (0%). The authors also reported that in a period between 3 and 24 d of
storage, Salmonella spp. were able to survive better in the medium containing salt than in
the medium without salt.
Sodium chloride in ice serves as a freezing point depressant (Kauffeld et al.,
2010), so it could help maintain lower temperatures. Once the fish pieces were in contact
with the salt/slush ice mixture, the rate of heat transfer should increase. Salt
concentrations higher than those tested in this study, have demonstrated better results in
controlling Salmonella growth (Matches & Liston, 1972). Salmonella spp. are able to
grow in up to 8% sodium chloride under optimum temperature and nutrient condition, but
when this salt is applied in combination with other preservative methods, salt tolerance of
Salmonella spp. may change (Gibson, Bratchell, & Roberts, 1988; Matches & Liston,
1972). Fish muscle in contact with a brine solution higher than 8-10% salt decreases the
water activity in the muscle due to changes in osmotic pressure of the solution, causing a
migration of water molecules from the muscle. At this point the muscle proteins and salt
start competing for the available water causing a contraction of the myofibrils and a
decrease of water activity in the fish muscle (Thorarinsdottir et al., 2004; Jittinandana et
al., 2002). However, it was observed that an increasing salt level in catfish fillets is not
adequate from a food quality standpoint. In fact, fillet pieces treated with 4.5% salt were
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negatively affected by the treatment, showing extremely soft texture and ivory
appearance with a gel-like consistency (data not shown).
Levels of Salmonella spp. in catfish or catfish products have not been yet
reported, but it is suggested that the levels are low. The incidence of Salmonella spp. in
commercial catfish products (fillets) has been reported to be less than 10% in multiple
studies (Siberio-Pérez, 2017; Arroyo-Llantín, 2013; Andrews et al., 1977). Thus, the
mean log reductions achieved after 72 h in slush ice could be considered sufficient to
minimize the likelihood of Salmonella spp. presence in fillets.
Part II - Inoculated Laboratory Study
Catfish fillets treated with salt and slush ice for 24 h and stored under refrigeration
temperature (2°C ± 2°C)
Salmonella spp. counts on catfish fillets were affected (P≤0.05) by the interaction
of salt concentration and days of storage at refrigeration temperature (2 ± 2°C) (Figure
4.2). The Salmonella spp. counts were greater (P≤0.05) with STD than with 0% (CTL),
1.5%, and 3% salt during the time in cold storage. Salmonella spp. counts had a
decreasing tendency for all treatments until day 9 (Figure 4.2). Cold storage temperature
delays the growth of Salmonella spp., regardless of salt concentration, probably because
refrigeration temperatures increase the lag phase and decrease the rate of microbial
growth (Matches & Liston, 1972).
Salmonella spp. reduction was similar (P>0.05) among all salt concentrations
after 12 d of storage (Table 4.3). The first decline in Salmonella survivors is due to the 24
h-ice-slush-chilling, which may be explained in part by the “scrubbing effect” caused by
ice crystals and the temperature reduction. During the time in slush ice, the water uptake
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should have increased in the catfish fillets treated with salt because low salt
concentrations help increase the water holding capacity of the protein (Thorarinsdottir et
al., 2004). It has been reported that the maximum water holding capacity of protein is
obtained at around 5.8% salt (Offer,. et al 1989). Salt in contact with water tends to
dissociate to sodium and chlorine ions. When the salt concentration is low, proteins
(myosin and actin) interact better with chlorine ions, which increases the overall negative
charge which creates an electrostatic repulsion force between the proteins. When the
proteins are pushed apart, there is more space in between them for water retention
(Albarracín,. et al 2011; Offer & Trinick, 1983), increasing the moisture content in the
fish. However, when the fish is removed from the slush ice, part of the water retained can
be easily lost (Young et al., 2004; Fromm & Monroe, 1958) because the water gained is
possibly in the form of free and loosely bound water (Erikson et al., 2011). The water
loss could happen gradually during refrigerated storage, and the pieces treated with salt
may have just slightly reduced the water available for microbial growth as time
progressed, which was not different when compared to CTL and STD treatments.
On days 9 and 12, other colonies were also isolated from XLD plates. These were
identified by API 20E (Siberio-Pérez, 2017). The predominant non-Salmonella spp.
isolates were Yersinia enterocolitica, Escherichia coli, and Plesiomonas shigelloides.
Part III - Sensory analysis and quality determination of catfish fillets collected at
three different sampling (process) points and stored under refrigeration
temperature (2°C ± 2°C) for 12 d of storage
Sensory analysis
Appearance scores were similar (P>0.05) among the fillets (BC, AC and, AS
fillets). The average score for the fillets was within “fresh, translucent, shinny” and “dull”
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in the 5-point ranking scale (Table 4.4). Contrary to this result, Kim et al. (2000) found
that catfish fillets treated with 10% brine had lower appearance scores than untreated
fillets (control) during storage at 4oC.
Storage time at refrigeration temperature affected (P≤0.05) the overall appearance
scores (Table 4.4). Panelists started perceiving a change (P≤0.05) in the attribute after 5 d
of storage, reporting the lowest score on day 12. Even at this day, fillets retained an
acceptable appearance (scores > 3), reporting similar (P>0.05) scores among BC, AC,
and AS fillets (Figure 4.3). A previous study on meagre (Argyrosomus regius) fillets
indicated similar findings (Hernández et al., 2009). The authors stated that the muscle
appearance remained the same during the first 4 d of ice storage, then the attribute score
declined over time showing significant differences after 7 d of storage.
The average redness score for AS fillets was similar (P>0.05) to the score for AC
fillets but different (P≤0.05) to BC fillets. Time of storage did not affect (P>0.05) the
redness of the fillets (Table 4.4). Figure 4.4 shows the average redness score for each
fillet throughout the 12 d of storage. BC fillets had a “pink to red” color throughout the
study. The differences in color can be explained in part because post-chilled fillets may
have lower hemoglobin content, which can result in a less red color perception (Y. Lu,
2008). In addition, during the chilling step, the chill water with agitation has the effect of
“drawing out” some of the remaining blood from the fillets, making a cleaner perception
for the panelists. Huezo et al. (2007) found that immersion-chilled broiler carcasses are
lighter and less red than air-chilled broiler carcasses. The author reported that the
difference in color could be explained in part because the water-chilling system produces
agitation, a washing-effect, and carcass to carcass contact, which leads to a removal of
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part of the epidermis from the carcass. Furthermore, hemoglobin is water soluble and can
dissolve easily during handling (Gokoglu & Yerlikaya, 2015), so water chilling and then
slush ice chilling could result in removal of water-soluble proteins, such as hemoglobin
and myoglobin (Jeong et al., 2011).
Overall texture scores were different (P≤0.05) among the three catfish fillets. BC
fillets had the highest (P≤0.05) texture score, followed by AC fillets and then by AS
fillets. Storage time affected (P≤0.05) the fillet texture, showing a decrease (P≤0.05) over
time (Table 4.4). As previously reported by Alasalvar et al. (2001), the loss of firmness in
fish fillets is directly proportional to cold storage time. The texture of the fish muscle is
associated with the muscle fibers, fat, collagen, and water content (Listrat et al., 2016;
Cheng, Sun, Han, & Zeng, 2014). After death, enzymatic and microbial deteriorations
occur, affecting these components so that the fish muscle becomes softer and less elastic.
Figure 4.5 shows the texture scores for catfish fillets collected at different
sampling points and days under refrigeration temperature (2 ± 2°C). At day 1, AS fillets
had lower (P≤0.05) texture scores than BC fillets but similar (P>0.05) scores to AC
fillets. At days 5, 9 and 12, AS fillets had the lowest texture score (P≤0.05). The texture
of AS fillets was reported between “slightly elastic” and “flaky, mushy”. However, AS
fillets were not slimy or completely mushy, which are characteristics of spoiled fish.
Erikson et al. (2011) reported that Atlantic salmon chilled in seawater slush ice for only
24 h and subsequently stored, with or without ice for 3 d, produced significantly softer
fillets than salmon chilled and stored in crushed ice for the same period. Contrary to this
result, several authors have reported that superchilling in seawater slush ice improves the
texture of fish (Erikson, Misimi, & Gallart-Jornet, 2011; Rodriguez et al., 2008;
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Rodriguez et al., 2005). Nevertheless, these findings have been observed only when the
fish are held in continuous slush-ice storage. In addition, the quality impact of this
chilling technique depends on the species (Piñeiro et al., 2004). Thereby, the advantages
obtained with other species, such as horse mackerel (Losada et al., 2005) or hake
(Rodriguez et al., 2004) may not be merely extrapolated to catfish. The salt used in the
ice slurry could also affect the texture and softening of the fillets. An (2008) stated that
cold brining increases softness, tenderness and “watery feeling” in herring (Clupea
harengus). Kin et al. (2012) stated that vacuum-tumbled catfish fillets with about 0.45%
phosphates and 0.5% salt were more tender (shear force: 15.3; total energy: 0.18) than
untreated catfish fillets (shear force: 19.2; total energy: 0.25).
AS fillets had greater (P≤0.05) drip loss score than BC and AC fillets.
Furthermore, drip loss was affected by storage time at 2°C ± 2°C (Table 4.4). Figure 4.6
represents the drip loss scores for each fillet throughout the 12 d of ice storage (2 ± 2°C).
At day 1, the drip loss was similar (P>0.05) among the fillets. At day 5 and 9, the drip
loss was greater (P≤0.05) in AS fillets than in BC and AC fillets. At day 12, AS and AC
fillets reported similar scores (P>0.05) while BC fillets reported the best score (P<0.5).
AS fillets were rated between “slightly” to “extensive” drip loss (scores < 3 points) on
days 5, 9 and 12.
During the time in slushed ice, the water uptake should have increased in the AS
fillets because brine at low salt concentrations (less than 6% salt) can increase the water
uptake in food (Thorarinsdottir et al., 2004; Jittinandana et al., 2002;). However, during
cold storage, part of the water retained can be lost easily (Young et al., 2004). Thus, the
high drip scores in the AS fillets is associated with the loss of free and loosely bound
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water. Similar results have been reported by Himelbloom. et al (1994). These researchers
reported that pink Salmon (Oncorhynchus gorbuscha) lost the weight gained during 3days-storage in chilled seawater when the fish was transferred to ice storage. These
researchers also indicated that the water gained declined over time.
Taking into account that AS fillets reported the lowest scores for texture (Figure
4.5) and the greatest scores for drip (Figure 4.6), it could be suggested that the
myofibrillar proteins (myosin and actin) were greatly destabilized by the slush ice
chilling treatment.
Overall odor scores for AS fillets were lower (P≤0.05) than for BC and AC fillets.
Furthermore, storage time at refrigeration temperature decreased t (P≤0.05) the odor
ratings (Table 4.4). Figure 4.7 represents the odor scores for the fillets throughout the 12
d of ice storage. At day 1, no differences (P>0.05) were reported between AC and AS
fillets. At day 5, AS fillets were rated with the lowest (P≤0.05) score. At day 9 and 12,
BC and AS fillets obtained the same score (P>0.05). The panelists rated AS fillets below
the acceptability limit (3 points on the 5-point rating scale) on the last day of the study.
Erikson et al. (2011) indicated that a better gill odor was associated with salmon held on
ice for 4 d than with salmon exposed to seawater slush ice chilling (24 h) and then stored
on ice (3 d). Similarly to the effect on texture, different authors have reported advantages
of slush-ice chilling with respect to the odor attribute, but these advantages were more
associated with fish that were maintained in continuous slurry storage (Erikson et al.,
2011; Campos et al., 2005; Rodriguez et al., 2005).
Microbiological results (Figure 4.8) indicated that psychotrophic plate counts
(PPC) for BC and AS fillets were slightly above the recommended microbiological limit
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for fresh fish, 7 log CFU/g, (ICMSF, 1986) on day 12. These values might also be related
to the odor scores obtained in sensory evaluation. Off odors are usually stronger when the
microbial spoilage increases since spoilage microorganisms trigger protein hydrolysis,
producing different metabolites such as butanoic and pentanoic acids that contribute to
undesirable sensory changes in the fish (Lougovois & Kyrana, 2005). Lu (2004) reported
that catfish fillets stored with ice under refrigerated temperature contained a putrid odor
that was related with protein degradation, after 11 d of storage. The researcher also stated
that ice storage inhibits microbial growth. As a result, the off-odor production is delayed.
The purchasing decision data revealed that 54% and 46% of panelists would buy
AC and BC fillets, respectively, at day 1. The preference for AC fillets was also observed
through days 5 (67%) and 9 (92%) of refrigerated storage (2°C ± 2°C). However,
panelists changed this preference on day 12. At this day, most of them would buy BC
fillets (55%), followed by AS fillets (27%) and finally by AC fillets (18%).
Instrumental color
Overall L* values were similar (P>0.05) between AC and AS fillets, but greater
(P≤0.05) than BC fillets (Table 4.5). Suvanich, Marshall, & Jahncke (2000) reported that
L* values of catfish frame mince increased after washing due to elimination of heme,
fats, pigments, and other colored components. In this study, the chilling step could have a
similar “washing effect” on the fillets.
L* values slightly increased (P≤0.05) as storage time progressed (Table 4.5). A
previous study on meagre (Argyrosomus regius) showed similar results related to the
increase of L* values during 18 d in ice storage (Hernández et al., 2009). Lu (2008)
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reported that catfish fillets stored at 4°C ± 1°Cfor 8 d had a significant increase in Hunter
L values the first two days, and then the values remained constant.
Overall a* values did not differ (P>0.05) among the fillets. In contrast, overall b*
values were greater (P≤0.05) for BC fillets than in the other fillet treatments. Time of
storage affected a* values (P≤0.05) but did not show a trend (decreasing or increasing) as
storage time progressed. Overall b* values were not affected (P>0.05) by storage time
(Table 4.5).
Hue angle was similar (P>0.05) among the three fillet treatments. Chroma values
for AS fillets were similar (P>0.05) to AC fillets, and they had lower (P≤0.05) chroma
values than BC fillets. Both parameters were not affected (P>0.05) by time in storage at
2°C ± 2°C (Table 4.5). However, an increasing trend was observed, indicating some
changes in color and intensity as time progressed (Table 4.5). Lu (2008) reported a
decrease in a* values and an increase in L*, b* and hue angles for catfish fillets after
water chilling. No differences in chroma values were noticed. The author concluded that
the increase in L* values might be due no only to the washing effect on the fillets but also
to the swelling of myofibrils due to changes in light scattering properties and slight
denaturation of surface proteins.
Variation in the results may be attributed to fish-to-fish variation within the same
lot or within the replications (different lots) (Figure A.2). One variation that may have
happened is the “red color defect” that sometimes affects catfish. Some fillets could be
redder than normal because the fish was stressed before slaughter, causing an excess of
hemoglobin in the muscle (Desai et al., 2014; Lu, 2008).
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Color data indicates similarities between AC and AS fillets (Table 4.5). Thus, it
can be suggested that 24-h-slush-ice-chilling did not affect fillet color when compared to
the fillets treated with chill water. Bosworth et al. (2006) reported that 24-h slush ice
storage of channel catfish (Ictalurus punctatus) carcasses did not affect color of fillets.
BC fillets had a trend of being redder than the other fillets (lowest scores for redness
attribute in the sensory analysis and highest values for a* parameter). Huezo et al. (2007)
reported that broiler carcasses chilled with cold water were lighter (higher L*), less red
(lower a*), and less yellow (lower b*) than carcasses chilled with air. Thus, water
chilling caused differences.
Microbiological analysis (PPC, TCC and E. coli)
On average, psychrotrophic counts (PPC) was greater (P≤0.05) for BC fillets than
for AC fillets. PPC levels for AS fillets were similar (P>0.05) to BC and AC fillets. Total
coliforms (TCC) was similar (P>0.05) among all three fillet treatments. Time of storage
for 12 d affected (P≤0.05) PPC, having the lowest counts at day 1 and the highest counts
at day 12. TCC levels were also influenced (P≤0.05) by storage time, with the highest
(P≤0.05) values at day 12. E. coli was not detectable (<1 log CFU/g) during the
microbiological analysis (Table 4.6). Watchalotoneet al. (2001) reported that
Pseudomonas spp., Acinetobacter, Flavobacterium, and Aeromonas are some of the
major Gram (-) psychrotrophic bacteria in channel catfish fillets. Moreover, Huss (1995)
stated that Pseudomonas spp. are considered one of the main spoilage bacteria reported in
literature for chilled fish.
PPC values for all fillets remained below the recommended microbiological limit
for fresh fish (7 log CFU/g) until day 9 (ICMSF, 1986). At day 12, BC and AS fillets
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were slightly above the limit while AC fillets were slightly below the limit. At the last
day of the study (day 12), fillets were not green, slimy or putrid, characteristics of
microbiological spoilage in catfish. However, odor scores were below 3 points in the
sensory analysis for AS fillets. The International Commission on Microbiological
Specification of Foods (ICMSF) recommends a level of 7 log CFU/g as the
microbiological limit for PPC in fresh fish, but Lu (2004) found that refrigerated catfish
fillets with a PPC level of 7 log CFU/g still had a good overall acceptability.
Contrary to the results found in this study, several authors have reported
microbiological spoilage in catfish fillets before 12 d of storage at 0-4oC (Kim et al.,
1994; Kim et al., 2000; Silva, Harkness, & White, 1993). The fact that fillets were stored
with ice at refrigeration temperature (2 ± 2°C) might have led to lower PPC levels
throughout storage time. The low initial PPC values may be related to a hygienic and fast
handling during filleting and chilling and to sampling season (winter/spring) where
counts are lower than in warmer months (Fernandes et al., 1997).
Coliforms (TCC) and E. coli counts remained below the recommended limit (<2.7
log CFU/g) until the end of the evaluation (ICMSF, 1986). Fernandes et al. (1997)
observed a seasonal trend in TCC and E. coli counts for fresh catfish fillets collected at
different processing plants (small, medium, and large plant size). The researchers found
lower TCC and E. coli levels during winter and spring than during summer and fall.
Since the catfish fillets used in this study were collected between January and March, the
results were similar to those reported by the author for medium scale processing plants
during the same period.
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At day 1, PPC was not different (P>0.05) among the fillets (Figure 4.8).
Therefore, it can be suggested that 24 h in the slush ice helped to delay microbial growth.
These results may be due to the sub-zero temperature and “washing effect” attributed to
slurry ice chilling (Kauffeld et al., 2010; Mugica et al., 2008; Piñeiro et al., 2004).
However, once the fillets were transferred to ice storage, PPC values increased (P>0.05)
similarly among the different fillet treatments. The microbiological advantages of slush
ice reported by other authors have been significant when the fish are maintained in
continuous slush ice during storage over time (Campos et al., 2005; Mugica et al., 2008;
Zhang et al., 2015). Erikson et al. (2011) found that fillets obtained from whole salmon
that was chilled in slush ice (24 h) and then transferred to cold storage (3-11 d) had a
higher bacterial growth than those stored only on ice (control) or in a continuous ice
slurry.
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Table 4.1

Salmonella spp. counts and reduction on catfish fillets, comparing two
selective media

Selective media (agar)

Salmonella count
(log CFU/g)

Salmonella reduction
(log CFU/g)

TAL
XLD

5.48A
5.41B

0.40A
0.35A

C.V. (%)
SEM

4.7
0.029

70.4
0.034

A-B: means with the same letter in the same column are not different (P>0.05)
Salmonella reduction was calculated with respect to counts obtained at day 0
C.V. (%): coefficient of variation
SEM: standard error of the mean
XLD: xylose lysine deoxycholate agar
TAL: XLD overlaid with TSA agar - Thin agar layer method
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Table 4.2

Salmonella spp. reduction on catfish fillets as affected by salt concentration
and time in slush ice

Cumulative
time in slush
( t0-ti)

STD
Log CFU/g

0 h - 24 h
0 h - 48 h
0 h - 72 h

-0.12Ab*
-0.06Ab
-0.02Ab

CTL
Log CFU/g

Salt level
1.5%
Log CFU/g

3%
Log CFU/g

4.5%
Log CFU/g

0.42Aa
0.44Aa
0.62Aa

0.27Ab
0.38Aa
0.55Aa

0.31Aa
0.39Aa
0.58Aa

0.43Aa
0.66Aa
0.83Aa

C.V. (%)
-376.9
34.8
58.3
33.5
31.1
SEM
0.068
0.044
0.060
0.037
0.051
A-B: means with the same letter in the same column are not different (P>0.05)
a-b: means with the same letter in the same row are not different (P>0.05)
Salmonella reduction was calculated with respect to counts obtained at 0 h
C.V. (%): coefficient of variation
SEM: standard error of the mean
STD: untreated samples; without salt and ice slush
CTL: slush chilled in 0% salt
*: negative results indicate growth
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Table 4.3

Salmonella spp. reduction on catfish fillets as affected by salt concentration
and days of storage under refrigeration (2 ± 2°C)

Cumulative
days in slush
( d0-di)

Salt level
STD
Log CFU/g

CTL
Log CFU/g

1.5%
Log CFU/g

3%
Log CFU/g

0d - 3d
0d - 6d
0d - 9d
0d - 12d

0.29Aa
0.42Aa
0.52Ab
0.62Aa

0.20Ba
0.30ABa
0.56Aab
0.65Aa

0.14Ba
0.44ABa
0.68Aab
0.77Aa

0.21Ca
0.51BCa
0.88Aa
0.85ABa

C.V. (%)
31.7
51.2
54.5
51.6
SEM
0.042
0.064
0.08
0.091
A-B: means with the same letter in the same column are not different (P>0.05)
a-b: means with the same letter in the same row are not different (P>0.05)
Salmonella reduction was calculated with respect to counts obtained at day 0
C.V. (%): coefficient of variation
SEM: standard error of the mean
STD: untreated samples; without salt and ice slush
CTL: 0% salt
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Table 4.4

Sensory evaluation scores* of catfish fillets as affected by sampling
(process) points or by time under storage at refrigeration (2 ± 2°C)

Fillet

Appearance

Redness

Texture

Drip

Odor

BC
AC
AS

3.9A
3.9A
4.1A

2.8B
3.5A
3.8A

4.1A
3.6B
2.6C

4.0A
3.5B
3.1C

4.0A
4.2A
3.6B

C.V. (%)
SEM

21.2
0.065

27.7
0.070

29.6
0.078

29
0.078

23.1
0.07

Days of
storage

Appearance

Redness

Texture

Drip

Odor

1
5
9
12

4.3A
4.3AB
3.9B
3.4C

3.4A
3.2A
3.2A
3.5A

4.0A
3.6AB
3.3B
2.9C

4.1A
3.6B
3.4BC
3.0C

4.5A
4.3A
3.8B
3.2C

C.V. (%)
21.2
27.7
29.6
29
23.1
SEM
0.065
0.070
0.078
0.078
0.07
A-B: means with the same letter in the same column are not different (P>0.05)
BC: fillets collected before water chill/after trimming
AC: fillets collected after water chill
AS: fillets collected after 24 h in slush ice
C.V. (%): coefficient of variation
SEM: standard error of the mean
*Scores are based on a 5-point ranking scale:
Appearance: 5: fresh, translucent, shinny; 3: dull; 1: slimy, green
Redness: 5: ivory; 3: yellow to pink; 1: red
Texture: 5: firm; 3: slightly elastic; 1: flaky, mushy
Drip: 5: none; 3: slightly; 1: extensive
Odor: 5: fresh, no odor; 3: slightly sour; 1: putrid, spoiled
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Table 4.5

Mean Instrumental color values of catfish fillets as affected by sampling
(process) points or by time in storage during refrigeration (2 ± 2°C)

Fillet

L*

a*

b*

Hue

Chroma

BC
AC
AS

57.6B
61.5A
61.8A

2.7A
1.3A
1.4A

12.4A
10.3B
9.5B

83.8A
82.1A
79.0A

12.8A
10.4B
9.7B

C.V. (%)
SEM

5.8
0.581

93.3
0.275

17.9
0.321

9.1
1.234

19.4
0.354

Days of
storage

L*

a*

b*

Hue

Chroma

1
5
9
12

58.5B
60.5AB
60.3AB
61.7A

0.7B
1.5AB
2.7A
2.2AB

9.7A
10.6A
11.3A
11.3A

86.5A
82.4A
78.0A
79.7A

9.8A
10.7A
11.8A
11.6A

C.V. (%)
5.8
93.3
17.9
9.1
19.4
SEM
0.581
0.275
0.321
1.234
0.354
A-B: means with the same letter in the same column are not different (P>0.05)
C.V. (%): coefficient of variation
SEM: standard error of the mean
L* denotes lightness
a* denotes redness
b* denotes yellowness
Hue denotes color
Chroma denotes color intensity
BC: fillets collected before water chill/after trimming
AC: fillets collected after water chill
AS: fillets collected after 24 h in slush ice
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Table 4.6

Psychotrophic plate counts (PPC), total coliforms counts (TCC), and
generic E. coli counts of catfish fillets as affected by sampling (process)
points or by time in storage at refrigeration (2 ± 2°C)

Fillet

PPC
Log CFU/g

Coliforms
Log CFU/g

E. coli
Log CFU/g

BC
AC
AS

5.4A
4.9B
5.1AB

1.5A
1.6A
1.6A

ND
ND
ND

C.V. (%)
SEM

30.8
0.264

33.2
0.086

-

Days of storage

PPC
Log CFU/g

Coliform
Log CFU/g

E. coli
Log CFU/g

1
5
9
12

3.2D
4.2C
6.1B
7.07A

1.2C
1.4BC
1.8AB
1.9A

ND
ND
ND
ND

C.V. (%)
30.8
33.2
SEM
0.264
0.086
A-B: means with the same letter in the same column are not different (P>0.05)
C.V. (%): coefficient of variation
SEM: standard error of the mean
ND: No detectable
BC: fillets collected before water chill/after trimming
AC: fillets collected after water chill
AS: fillets collected after 24 h in slush ice
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Figure 4.1

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

0

10

30

CTL

20

STD

1.5%

TIME (H)

40

3%

50

4.5%

60

70

80

SEM = 0.0287

Salmonella spp. counts on catfish fillets by salt concentration and time in slush ice. STD: untreated samples; without
salt and ice slush. CTL: 0% salt
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Figure 4.2
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Salmonella spp. counts on catfish fillets by salt concentration and days of storage at refrigeration temperature (2 ±
2°C). Day from -1 to 0 indicates the time in slush ice for CTL, 1.5%, and 3% salt. STD: untreated samples; without
salt and ice slush. CTL: 0% salt

LOG CFU/G

5.0

Mean appearance score

4.5

a
a

a

a

a

a

a

a

4.0

a
a

3.5

a

a

3.0
2.5
2.0
1.5
1.0
1

5

9

12

Days of storage
BC

Figure 4.3

AC

AS

Mean appearance scores of catfish fillets collected at different sampling
(process) points and stored for 12 d at refrigeration temperature (2 ± 2°C)
on a 5-point ranking scale with 5 being best and 3 being marginally
acceptable. BC: Fillets collected before water chill/after trimming. AC:
fillets collected after water chill. AS: fillets collected after 24 h in slush ice
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AC

AS

Mean redness scores of catfish fillets collected at different sampling
(process) points and stored for 12 d at refrigeration temperature (2 ± 2°C)
on a 5-point ranking scale with 5 being best and 3 being marginally
acceptable. BC: Fillets collected before water chill/after trimming. AC:
fillets collected after water chill. AS: fillets collected after 24 h in slush ice
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Figure 4.5

AC
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Mean texture scores of catfish fillets collected at different sampling
(process) points and stored for 12 d at refrigeration temperature (2 ± 2°C)
on a 5-point ranking scale with 5 being best and 3 being marginally
acceptable. BC: Fillets collected before water chill/after trimming. AC:
fillets collected after water chill. AS: fillets collected after 24 h in slush ice
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Figure 4.6

AC
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Mean drip scores of catfish fillets collected at different sampling (process)
points and stored for 12 d at refrigeration temperature (2 ± 2°C) on a 5point ranking scale with 5 being best and 3 being marginally acceptable.
BC: Fillets collected before water chill/after trimming. AC: fillets collected
after water chill. AS: fillets collected after 24 h in slush ice
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Figure 4.7

AC
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Mean odor scores of catfish fillets collected at different sampling (process)
points and stored for 12 d at refrigeration temperature (2 ± 2°C) on a 5 point ranking scale with 5 being best and 3 being marginally acceptable.
BC: Fillets collected before water chill/after trimming. AC: fillets collected
after water chill. AS: fillets collected after 24 h in slush ice
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SEM: 0.2638
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Mean psychotrophic plate counts (PPC) of catfish fillets collected at
different sampling (process) points and stored for 12 d at refrigeration
temperature (2 ± 2°C). BC: Fillets collected before water chill/after
trimming. AC: fillets collected after water chill. AS: fillets collected after
24 h in slush ice
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CHAPTER V
SUMMARY AND CONCLUSIONS
Salmonella counts on catfish fillets stored in slush ice, with or without salt for up
to 72 h, were higher using thin agar layer (TAL) media than xylose lysine deoxycholate
(XLD) media. However, when calculating Salmonella spp. reduction, there was no
difference in method. The difference in counts, 0.07 log CFU/g, though statistically
different was of no practical difference. Thus, XLD was used as the method for counting
Salmonella spp.
Salmonella spp. counts on catfish fillets treated with slush ice (with up to 4.5%
salt) for up to 72 h were mainly affected by the slush ice chilling and not by the salt
concentration. All slush-ice treatments reduced Salmonella spp. Catfish fillets treated
with salt and slush ice for 24 h and stored at 2°C ± 2°C for 12 d decreased Salmonella
counts over time. Growth rate was delayed even for the samples not treated with slush ice
(STD samples) since refrigeration increased the lag phase and thus inhibited growth.
Salmonella spp. reduction was similar among all treatments after 12 days of storage.
There was no residual effect of slush ice treatments (CTL, 1.5%, and 3%) on Salmonella
reduction during extended refrigerated storage.
The limiting sensory quality factor for fillets collected after 24 h in slush ice (AS
fillets) were texture, drip, and odor. This may suggest that the current slush ice chilling
method used in the catfish processing plant may have a detrimental effect on fillet
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sensory quality. Overall CIELAB color parameters (L*, a*, b*), hue angle, and chroma
were similar between AC and AS fillets. BC fillets were darker (<L*) but with more
color intensity (chroma) than the other fillets.
PPC levels for AS fillets were similar to BC and AC fillets. TCC values were
similar among all the three treatments. E. coli was not detectable (<1 log CFU/g) in any
of the samples. The advantage of using 24 h-slush ice chilling, in terms on
microbiological quality, was notable only at the first day of the study (24h after slush ice
chilling). At this day, the fillets treated with slush ice had similar PPC values to BC and
AC fillets. Thus, during 24 h in slush ice, there is not noticeable microbial growth.
However, once the AS fillets were transferred to cold storage, the PPC increased
similarly to non-treated fillets.
Further research is needed to enhance the slush ice chilling process to be more
uniform, the use of different catfish sizes and products (whole fish, nuggets), and the
quantification of the levels of Salmonella spp. present in fresh, whole, live catfish.
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Figure A.1

Flow diagram for automatized fresh catfish fillet line in a catfish
processing plant indicating sampling points
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Figure A.2

Selected catfish fillets from replications 1 and 2 used for sensory evaluation
at day 1. BC: Fillets collected before water chill/after trimming. AC: fillets
collected after water chill. AS: fillets collected after 24 h in slush ice
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