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Introduction
Fish is today universally recognized as the ultimate answers to 

the problems of protein-caloric malnutrition of the world to the poor 
undernourished in the third world. It is the best quality protein feed 
available at affordable price. Fish is an important part of a healthy 
diet. It is an excellent source of quality proteins, essential fatty acids 
(omega-3) and many other nutrients important for optimal health and 
prevention of diseases [1]. The International Food Policy Research 
Institute [IFPRI]/World Fish Centre study on global fish demand 
[2] predicts the total demand for fish products will increase from
91.3 million tons in 1997 to 127.8 million tons in 2020, equating to
an annual growth of 1.47% and a per capita annual consumption
increase from 15.7 kg to 17.1 kg in 2020 [3]. With the ever growing
world population and the need to store and transport the food from
one place to another where it is needed, food preservation becomes
necessary in order to increase its shelf life and maintain its nutritional
value, texture and flavor. Therefore, good food preservation techniques
must prevent microbial spoilage of food without affecting its quality
and nutrition. Earlier the quality control was done at the end products
stage. But this has now given way to new concept like ISO 9000,
Hazard Analysis Critical Control Point (HACCP) etc. Quality control
has changed in to quality assurance which starts rights from the point
of catch, hygienic handling and storage, onboard the fishing vessel,
handling, transportation, storage, preprocess handling, processing,
packing and storage of the finished products to the end marketing.
Spoilage of food products is due to chemical, enzymatic or microbial
activities. One-fourth of the world’s food supply and 30% of landed fish
are lost through microbial activity alone [4]. Fresh and clean foods are
important to good nutrition. Spoilage organisms such as bacteria and
moulds in food can both reduce the food’s nutrient value and cause
disease. Disease causing (or pathogenic) bacteria can contaminate food
and water and leads to food poisoning. This spread of diseases such as
typhoid, cholera and hepatitis. Microbial spoilage is by far the most
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Abstract
Apart from the nutrient analysis microbial study is very much essential to know the microbial contamination 

after storage. So in the present study it is aimed to investigate the microbial contamination in the prepared fish and 
shellfish curries stored in tin free steel cans. The prepared curries of fish, shrimp, crab and mussel were stored in 
TFS cans at room temperature (30 ± 2°C) for a period of 18 months. During storage the cans were periodically 
checked in the intervals of 3rd, 6th and12th months especially the visual signs of internal and external rusting like 
appearance of can walls, adhesion of product to the can walls and internal rusting. About eight cans were selected 
at random from each batch processed to different Fo values. Four cans from each batch were incubated at 55°C 
for 4 days and another four were incubated at 37°C for 14 days. The incubated cans were opened under aseptic 
conditions and the samples were transferred to sterile thioglycollate broth tubes. Then a layer of sterile liquid paraffin 
was applied in each tube so as to create anaerobic condition. The tubes were then incubated at 37°C for 48 hrs 
and observed for any development of turbidity, which indicates survival of microorganisms. Tubes not showing any 
turbidity were incubated for further 48 hrs at 37°C to ascertain the sterility. Besides the above microbiological quality 
was assessed from the fish, shrimp, crab and mussel curries by standard plate count, total coliform count and total 
fungal count, according to APHA. The microorganisms are totally absent in the present study for short and longer 
time storage (3 to 18 months) of fish and shellfish curries stored in TFS cans. Apart from that there is no internal and 
external rusting, texture during the storage period. So it is conform that TFS cans are suitable to store the fish and 
shellfish products as evidence by no microbial growth and also not affecting the nutritional quality of the stored food.
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common cause of spoilage and may manifest itself as visible growth 
(slime, colonies), as textural changes (degradation of polymers) or as 
off-odors and off-flavors. It has been estimated that 25% of all foods 
produced globally is lost post harvest or post slaughter due to microbial 
spoilage [5]. Food spoilage microorganisms are good in HACCP 
and do not cause illness. Excessive, prolonged growth of spoilage by 
microorganisms changes the odor, flavor, and texture of the food so 
much that it becomes unpalatable. The present study was aimed to find 
out the degree of bacterial and fungal contamination of the cooked 
curries of fish and shellfishes which stored in TFS cans.

Materials and Methods
The prepared curries of fish, shrimp, crab and mussel were stored 

in TFS cans at room temperature (30 ± 2°C) for a period of 18 months. 
During storage the cans were periodically checked in the intervals 
of 3rd, 6th and 12th months especially the visual signs of internal and 
external rusting like appearance of can walls, adhesion of product to 
the can walls and internal rusting (Figure 1).

Commercial sterility (IS: 2168-1971)

About eight cans were selected at random from each batch 
processed to different Fo values. Four cans from each batch were 
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incubated at 55°C for 4 days and another four were incubated at 37°C 
for 14 days. The incubated cans were opened under aseptic conditions 
and the samples were transferred to sterile thioglycollate broth tubes. 
Then a layer of sterile liquid paraffin was applied in each tube so as to 
create anaerobic condition. The tubes were then incubated at 37°C for 
48 hrs and observed for any development of turbidity, which indicates 
survival of microorganisms. Tubes not showing any turbidity were 
incubated for further 48 hrs at 37°C to ascertain the sterility. Besides 
the above microbiological quality were assessed from the fish, shrimp, 
crab and mussel curries by standard Plate count, Total Coliforms Count 
and Total Fungal count, according to APHA. Different types of media 
were used for the microbiological quality assessment, i.e., Nutrient agar 
(NA) and Potato Dextrose agar (PDA).

One gram of the tissue sample was weighed aseptically and blended 
with 1 ml of sterile distilled water. From the blended mixture 1 ml was 
transferred into 100 ml of sterile distilled water and made upto 10-4 
dilution (Figure 2). From the dilution each mixture, 0.1 ml was poured 
onto Nutrient Agar as well as Potato dextrose agar. The nutrient agar 
plates were then incubated at 37°C and PDA plates were incubated at 
room temperature. After the incubation period, they were observed for 
the microbial colonies.

Results and Discussion
Enzymes are proteins which assist biological reactions, e.g. the 

conversion of certain organic substances into different ones. When fish 

or animals are killed, the enzymes inside them are still intact. Those 
enzymes start breaking down components into smaller parts. This 
affects smell, taste and texture. Several hours after death “Rigor mortis” 
occurs (a stiffening of the flesh). After that the flesh gets softer again due 
to enzymatic reactions (autolysis). Heat treatment e.g. pasteurization 
can inactivate enzymes. Shortly after capture, chemical and biological 
changes take place in dead fish due to enzymatic breakdown of major 
fish molecules [6]. Hansen et al. [7] stated that autolytic enzymes 
reduced textural quality during early stages of deterioration but did 
not produce the characteristic spoilage off-odors and off-flavors. This 
indicates that autolytic degradation can limit shelf-life and product 
quality even with relatively low levels of spoilage organisms. Most of the 
impact is on textural quality along with the production of hypoxanthine 
and formaldehyde. The digestive enzymes cause extensive autolysis 
which results in meat softening, rupture of the belly wall and drain out 
of the blood water which contains both protein and oil [8]. A number 
of proteolytic enzymes are found in muscle and viscera of the fish 
after catch. These enzymes contribute to post mortem degradation in 
fish muscle and fish products during storage and processing. There is 
a sensorial or product associated alteration that can be contributed 
by proteolytic enzymes [9]. During improper storage of whole fish, 
proteolysis is responsible for degradation of proteins and is followed 
by a process of solublization [10]. On the other hand, peptides and 
free amino acids can be produced as a result of autolysis of fish muscle 
proteins, which lead towards the spoilage of fish meat as an outcome 
of microbial growth and production of biogenic amines [11]. Belly 
bursting is caused by leakage of proteolytic enzymes from pyloric caeca 
and intestine to the ventral muscle. The proteases have optimal pH in 
the alkaline to neutral range. Martinez et al. [12] reported that the rate 
of degradation by proteolytic enzymes was reduced when the fish was 
kept at 0°C and a pH of 5.

With fatty fish or meat, chemical reactions can take place between 
the fat and oxygen in the air (oxidation reactions). By exposing these 
products for a longer time to air, e.g. during drying and smoking, 
the product acquires a rancid smell and taste. It is therefore better 
to use less fatty kinds or pieces of fish or meat for smoking and 
drying microorganisms and most of the spoilage microorganisms 
are destroyed. This makes the cooked food far more vulnerable to a 
few pathogens on hands or from cutting board cross-contamination 
of cooked food. With correct temperatures and no competition from 
spoilage microorganisms, the contaminating pathogens grow well. 
Temperature abuse also allows spores to outgrow into vegetative 
cells. Lipid oxidation is a major cause of deterioration and spoilage 
for the pelagic fish species such as mackerel and herring with high 
oil/fat content stored fat in their flesh [11]. Lipid oxidation involves 
a three stage free radical mechanism: initiation, propagation and 
termination [12]. Initiation involves the formation of lipid free 
radicals through catalysts such as heat, metal ions and irradiation. 
These free radicals which react with oxygen to form peroxyl radicals. 
During propagation, the peroxyl radicals reacting with other lipid 
molecules to form hydroperoxides and a new free radical [11,13]. 
Termination occurs when a buildup of these free radicals interact to 
form nonradical products. Oxidation typically involves the reaction 
of oxygen with the double bonds of fatty acids. Therefore, fish lipids 
which consist of polyunsaturated fatty acids are highly susceptible 
to oxidation. Molecular oxygen needs to be activated in order to 
allow oxidation to occur. Transition metals are primary activators of 
molecular oxygen [13]. In fish, lipid oxidation can occur enzymatically 
or non-enzymatically. The enzymatic hydrolysis of fats by lipases is 
termed lipolysis (fat deterioration). During this process, lipases split 

S. longicepes                                        P. monodon

     P. sanguinolentus       P. viridis

Figure 1: Prepared curries of fish, shrimp, crab and mussel for storage 
examination.

Figure 2: Total plate count. 
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the glycerides forming free fatty acids which are responsible for: (a) 
common off flavor, frequently referred to as rancidity and (b) reducing 
the oil quality [8,14]. The lipolytic enzymes could either be endogenous 
of the food product (such as milk) or derived from psychrotrophic 
microorganisms [14]. The enzymes involved are the lipases present in 
the skin, blood and tissue. The main enzymes in fish lipid hydrolysis 
are triacyl lipase, phospholipase A2 and phospholipase B [15,16]. Non-
enzymatic oxidation is caused by hematin compounds (hemoglobin, 
myoglobin and cytochrome) catalysis producing hydroperoxides [11]. 
The fatty acids formed during hydrolysis of fish lipids interact with 
sarcoplasmic and myofibrillar proteins causing denaturation [17,18]. 
Undeland et al. [19] reported that lipid oxidation can occur in fish 
muscle due to the highly pro-oxidative Hemoglobin (Hb), specifically 
if it is deoxygenated and/or oxidized. They found that the addition 
of acids, which lower the pH, can accelerate lipid oxidation through 
deoxygenated Hb.

Fresh fish spoilage can be very rapid after it is caught. The spoilage 
process (Rigor mortis) will start within 12 hrs of their catch in the high 
ambient temperatures of the tropics [20]. Rigor mortis is the process 
through which fish loses its flexibility due to stiffening of fish mussels 
after few hour of its death [21]. Most fish species degrade as a result of 

digestive enzymes and lipases, microbial spoilage from surface bacteria 
and oxidation [22]. During fish spoilage, there is a breakdown of 
various components and the formation of new compounds. These new 
compounds are responsible for the changes in odor, flavor and texture 
of the fish meat. This represents a major concern of the freshness of 
saleable products and the breakdown of proteins and lipids. Higher 
energy demanding freeze-storage preservation can be altered by 
synthetic or natural preservatives for control of lipid oxidation and 
microbial growth in fish during storage [23]. Combination of these 
preservatives and refrigeration diminishes the process of spoilage [24]. 
Compositional changes during fish spoilage result in lipid oxidation 
and protein degradation as well as the loss of other valuable molecules. 
In order to develop optimum preservation techniques for these value 
added products in active forms, understanding of the mechanism 
responsible for their degradation is essential.

 When food spoilage is caused by the growth of yeasts and moulds 
it is self-evident: a furry growth covers the food and it becomes soft and 
often smells bad. Bacterial contamination is more dangerous because 
very often the food does not look bad: even though severely infected, 
it may appear quite normal. The presence of highly dangerous toxins 
and bacterial spores is often not detected until after an outbreak of food 
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Figure 3: Bacterial count after 3rd month storage of fish, shrimp, crab and mussel curries cultured in nutrient agar.
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Figure 4: Bacterial count after 6th month storage of fish, shrimp, crab and mussel curries cultured in nutrient agar.
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Figure 5: Bacterial count after 12th month storage of fish, shrimp, crab and mussel curries cultured in nutrient agar.
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Figure 6: Fungal count after 3rd month storage of fish, shrimp, crab and mussel curries cultured in potato dextrose agar.
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Figure 7: Fungal count after 6th month storage of fish, shrimp, crab and mussel curries cultured in potato dextrose agar.
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Figure 8: Fungal count after 12th month storage of fish, shrimp, crab and mussel curries cultured in potato dextrose agar.

poisoning, when laboratory examination and experiments uncover 
the infecting agent. Landed fish harbours on its body large number of 
microorganisms. The most commonly used method for testing the raw 
material bacterial quality is the total viable count. Total aerobic bacterial 
counts had been used by many investigators to follow the deterioration 
of fish flesh and shellfish flesh [25-27]. The microbiological quality as 
indicated by the total plate count of the raw materials was within the 
range of 102 - 104 g-1 (Figure 3-8). Similar results for various species of 
landed fish and prawn were reported by many workers [28-30]. In the 
present study microorganisms are totally absent for the entire samples 
during the storage period of eighteen months.

Spoilage of food products can be due to chemical, enzymatic or 
microbial activities. Chemical deterioration and microbial spoilage are 
responsible for loss of 25% of gross primary agricultural and fishery 
products every year [31]. One-fourth of the world’s food supply [14] 
and 30% of landed fish [32] are lost through microbial activity alone. 
Around 4-5 million tons of trawled and shrimp fish are lost every year 
due to enzymatic and microbial spoilage because of improper onsite 
storage. Fish tissues are contaminated more readily than meat because 
they are of a looser consistency and are easily penetrated. Canned 
foods are sterilized before being placed on the grocery shelf, but if the 
sterilization has been unsuccessful, contamination or food spoilage 
may occur. Swollen cans usually contain gas produced by members of 
the genus Clostridium. Sour spoilage without gas is commonly due to 
members of the genus Bacillus. This type of spoilage is called flat-sour 
spoilage. Lactobacilli are responsible for acid spoilage when they break 
down the carbohydrates in foods and produce detectable amounts of 
acid. The flat sour spoilage is caused mainly dominated by thermophilic 
spore-farming bacteria such as B. thermoacidurans, B. coaqulans, and 

B. stearother mophilus. Terixeria et al. [33] proposed a short review of 
recent development towards achieving computer-based intelligent on-
line control system for assuring safety quality and process efficiency 
of thermally processed canned food. Pettibone et al. [34] has also 
reported that heat resistance of fish pathogens obtained from fish and 
fishery products. Most outbreak of food poisoning associated with fish 
derived from the consumption of raw or insufficiently heat treated fish 
which will contaminate with bacteria from water environment. Vibrio, 
C. botulinum or terrestrial sources or fish products recontaminated 
during heat processing [35-37].

In Netherlands there are an estimated 700,000 cases of illness and 
80 deaths per year [38]. Also other industrialized countries report a 
continuing burden of foodborne illness [39-41]. Food borne outbreaks 
appear to be on the rise again in some industrialized countries, with 
a shift from traditional problems with foods from animal origin to 
fresh foods such as produce [42], shellfish [43] and dry products and 
ingredients (e.g. peanuts) [44]. Furthermore, new threats continue to be 
identified. The attention for viruses is more recent, but no less relevant. 
New risks are being encountered because of changing characteristics 
of the relevant micro-organisms, changing production methodologies, 
changes in the environment and the ecology, and an increase of 
the global trade of foodstuffs. In addition, demands on food\safety 
increase steadily. The attention by Food Regulatory Agencies and Food 
Processing Industry, proper handling, pre treatment and preservation 
techniques can improve the quality of fish and fishery products and 
increase their shelf life. Storage of food at high temperature causes a 
loss of nutritional value. The chemical composition of the food and the 
metabolic activates of the organisms growing in the food determine the 
compounds which can be used as indicators, because of the extreme 
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perish ability of some products, occasionally decomposed foods get 
into market channels [45]. The microorganisms are totally absent in 
the present study for short and longer time storage (3 to 18 months) of 
fish and shellfish curries stored in TFS cans. Apart from that there is no 
internal and external rusting, texture during the storage period. So it 
is conform that TFS cans are suitable can to store the fish and shellfish 
products as evidence by no microbial growth and also not affecting the 
nutritional quality of the stored food.
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