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Abstract

Prawns are a highly nutritious and most traded
seafood commodity that contains a commendable
quantity of easily digestible protein, minerals,
vitamins and low saturated fats, especially omega-
3 fatty acids. Nevertheless, high water content, pH,
natural autolytic enzymes, free amino acids and
microbes in prawns make it vulnerable to rapid
spoilage, consequently affect the shelf-life. Kno-
whow regarding the spoilage patterns of prawns
would aid to adopt suitable processing technology
to overcome this menace. The freshness or spoilage
pattern of the prawns could be scientifically
demonstrated by assessing the physicochemical and
microbiological quality indices. The main intention
behind this article was to demonstrate a compre-
hend review for the post mortem changes of prawn
and associated physicochemical quality indices ie.,
pH, trimethylamine (TMA), total volatile base
nitrogen (TVB-N), K-value, indole, thiobarbituric
acid (TBA), free fatty acids (FFA), black spot
formation, hardness, colour, organoleptic properties
and bacterial flora during storage.
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Introduction

Palatability and nutritional significance of prawns
are the main reason for the popularity and demand
in seafood trade. However, prawns are easily
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vulnerable to spoilage due to the accumulation of
spoilage microflora through filter-feeding and the
presence of significant quantities of amino acids,
pH, and autolytic enzymes (Dalgaard, 2000). Ac-
cording to Simidu (1962), free amino acids available
in prawns also make it more susceptible to bacterial
spoilage. Microorganism’s especially Gram-negative
bacteria play a vital role in the spoilage of seafood
(Cann, 1977). During spoilage, autolytic enzymes
cause changes in endogenous biochemical com-
pounds in prawn meat which facilitates bacterial
action (Ababouch et al., 1996). The invaded bacteria
decompose the muscle into various low molecular
weight constituents which produce off-odour and
off-flavor compounds such as hydrogen sulfide
(H,S), ammonia (NH,) and volatile metabolites
(Gennari et. al., 1999) and thus alter the appearance,
flavor and odor of the prawn. These compounds are
quantifiable and are widely used as quality indices.
Commonly adopted quality indices for the estima-
tion of spoilage level in prawns are pH (Gentles &
Braggs, 1993), TMA, TVB-N (Montgomery et al.,
1970), TBA (Goulas & Kontominas, 2007), K-value
(Ehira, 1976) and mesophilic aerobic count (ICMSE,
1986). Accumulation of TMA content in prawns
could be the action of enzymes and bacteria on the
TMAO compound. Similarly, decomposition of
various nitrogenous compounds produces TVB-N,
hydrolysis of lipid releases FFA, which contribute
significantly towards textural changes (Sikorski &
Kolakowska, 1994) and lipid oxidation of seafood
(Sequeira-Munoz et al., 2006). According to Harada
(1991), texture and hue of fish and fishery products
are the prime factors which directly influence the
consumer acceptability. Several novel processing
techniques have been emerging for the preservation
of seafood without compromising on its natural
attributes. Hence, this comprehen sure review
would be useful while optimizing the process
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parameters of innovative processing methods for the
preservation of seafood especially prawns. Keeping
this fact in mind, this article reviews the spoilage
pattern and the formation of physicochemical and
microbiological quality indices in seafood with
special reference to prawns.

Post mortem changes in prawn

Prawns contain high-quality protein, very low fat,
vitamin A and D and several dietary minerals such
as calcium (Ca), iron (Fe), etc. which are beneficial
to the consumers. Iodine content in prawns is good
for the proper functioning of the thyroid gland.
However, prawns are highly perishable in nature.
Enzymes and microflora available in prawn accel-
erates the spoilage mechanisms after rigor mortis.
Immediately after the death of prawn, cessation of
circulation of haemocyanin will take place which
causes depletion of oxygen supply to the tissues and
thus lead biochemical changes (Eskin et al., 1971).
Degree of exhaustion prior to death and the
available reserve glycogen in the muscle are the two
major driven forces behind the biochemical changes
of seafood during the post-mortem period (Eskin et
al., 1971). The adenosine triphospahte (ATP) level in
the muscle gets depleted due to the continuous
action of autolytic enzymes. During spoilage,
synthesis of ATP from the aerobic breakdown of
glycogen through electron transport chain and
oxidative phosphorylation ceases and the available
ATP degrades into adenosine diphosphate (ADP).
Glycogen content in the seafood undergoes anaero-
bic breakdown and produces lactic acid (glyco-
genolysis) thus leads to the reduction of pH of the
muscle from 7-7.3 to about 6.2-6.3. Ratio of changing
the pH depends on the initial level of glycogen
content in the seafood. The low pH condition leads
to rupture of the lysosomes and release of all the
enzymes capable of degrading muscle constituents
to low molecular weight compounds. Degradation
of proteins and peptides by the action of proteolytic
enzymes and bacteria leads to softening of the flesh
which again raises the pH level in the muscle to 7.5-
8.0. This is a favorable condition for the proliferation
of microorganisms (Sareevoravitkul, 1995). Bacterial
metabolism of low molecular weight constituents
produces off-odour and off-flavor compounds like
H,S (hydrogen sulfide), NH, (ammonia) and volatile
metabolites which further lead to increase in the
level of pH in seafood (Gennari et al., 1999).
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Physicochemical spoilage of prawn

Prawns are highly perishable than other commercial
crustaceans such as lobsters and crabs. Usually,
storage temperature and time would be the impor-
tant factors for maintaining the quality of prawn
immediately after harvesting (Reilly et al., 1987).
Icing or chilling is the widely adopted and cheap
preservation technique for seafood. However, physi-
cochemical and microbiological degradation of
prawn would have taken place during the storage
period. Quality changes of cultured prawn in ice
storage were reported by Jayaweera & Subasinghe
(1988), Peranginangin et al. (1992). Storage charac-
teristics of wild prawn have been discussed by
several authors (Cobb & Vanderzant, 1971; Flick &
Lovell, 1972; Cobb et al., 1973; Flores & Crawford,
1973; Shamshad et al., 1990; Yamagata & Low, 1995).
Joseph et al. (1988) investigated the quality deterio-
ration of cultured Indian white prawn during
chilled storage. According to Flick & Lovell (1972),
combined action of tissue enzymes and microbes
accelerates quality deterioration in chill-stored
prawns which generates several biochemical com-
pounds including protein and non-protein nitrogen,
trimethylamine, total volatile base nitrogen, indole,
nucleotide degradation, lipid oxidation products.

Changes in pH

Changes in the pH of seafood are mainly due to the
activity of bacteria and enzymes which affect the
concentration of free hydrogen and hydroxyl ions by
shifting the oxidation reduction balance of the food
(Varlik et al., 2000). pH has a close relationship with
organoleptic properties of seafood and could be
accepted as an index of quality (Flores & Crawford,
1973). During post mortem changes of prawn, the
pH gets reduced which leads to denaturation of
muscle, this reduces water holding capacity and
enhances drip loss, and in extreme cases flesh
becomes translucent with a soft flabby texture
(Tomlinson et al., 1965). Love (1975) revealed that
the unacceptable toughness of seafood occurs at
lower pH levels. Shellfish pH in a range of 7 to 8
is suitable for consumption (Ludorff & Meyer, 1973).
Shamshad et al. (1990) made an attempt to evaluate
the variations of pH in untreated fresh prawns
stored at a temperature between 0 to 35°C and they
observed an increase of pH from 7 to 8.25 on the 16"
day of storage. An increase of pH from 6.73 to 7.81
was also noticed in fresh, unprocessed prawns after
four days of storage at 4°C (Varlik et al., 2000).
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Changes of protein and non-protein nitrogen

During spoilage, proteins undergo several bio-
chemical changes. Post mortem tenderization is one
of the most unfavorable quality deterioration in
seafood. Devadasan & Nair (1970) reported the
changes in the major extractable protein nitrogen
fractions of prawns during ice storage. The authors
found that myofibrillar proteins undergo rapid
changes than sarcoplasmic proteins during ice
storage. The relationship between collagen content
and texture has been discussed by Hatae et al.
(1986). Reduction of collagen content leads to
softening of the muscle. Changes in the microstruc-
ture of Macrobrachium rosenbergii during chilled
storage have been reported by Nip & Moy (1988).
Rowland et al. (1982) suggested that morphological
changes in tail of M. rosenbergii were due to
proteolytic activity. Following biochemical com-
pounds generated during the degradation of pro-
teins and which could be used as quality indices of
prawns.

Trimethylamine (TMA)

Trimethylamine oxide (TMAO) is a non-protein
nitrogenous compound that exists in fish and
shellfishes. The highest level of TMAO was found
in elasmobranches and lowest in freshwater fishes
(Harada, 1975). Yamada (1967) studied and reported
TMAO content in prawns, especially under the
genus Penaeus. Finne (1992) recorded that TMAO
content is around 5% of the total non-protein
nitrogen in crustaceans. Yamagata & Low (1995)
found 18-84 mg 100 g! of TMAO content in P.
indicus. TMAO content in seafood gets converted
into dimethylamine (DMA), formaldehyde (FA),
and TMA by the action of bacteria or endogenous
enzymes (Regenstein et al., 1982). An increase of
TMA-N level in seafood is a prime characteristic of
spoilage; hence, it has been using as an objective
index of quality (Chang et al., 1976). Harada (1975)
studied the enzymatic formation of DMA and
formaldehyde out of TMAO in seafood. According
to Hebard et al. (1982), endogenous and exogenous
enzyme-producing bacteria are responsible for the
production of TMA from TMAO. Laycock & Regier
(1971) reported a linear relationship between the
number of Pseudomonas putrefaciens and TMA
production. However, Hebard et al. (1982) sug-
gested that Enferobacteriace have the capability of
reducing TMAO to TMA. Fatima et al. (1988) found
a perfect correlation on the pattern of changes of
TMA and bacterial load in P. merguiensis stored in
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ice. The authors also reported that the initial level
of TMA, 0.01 mg 100 g increased to 3.75 mg 100
gl on the 20" day of storage. Basavakumar et al.
(1998) also observed an increasing trend of TMA-
N content in tiger prawn (P. monodon) during chilled
storage. The occurrence and significance of TMAO
and its derivatives in fish and shellfish were
reviewed by Hebard et al. (1982).

Total volatile base nitrogen (TVB-N)

Trimethylamine and non-protein nitrogen in prawns
degraded into TVB-N both microbiologically and
enzymatically during chilled storage. Cobb &
Vanderzant (1971) suggested that the level produc-
tion of TVB-N is dependent on the type and load
of bacteria in the seafood. Basavakumar et al. (1998)
reported an increase in the level of TVB-N of tiger
prawn during ice storage. For prawn, it has been
found that the ratio of TVB-N to free amino acid
nitrogen correlates better with sensory quality than
TVB-N alone (Cobb et al., 1973). The authors also
reported a higher correlation between the total
volatile nitrogen/amino nitrogen ratio (TVB-N/
AAN) and the quality of the prawn. Montgomery
et al. (1970) reported that TVB-N is a useful
indicator for acceptability studies of prawns.
Smaldone et al. (2011) discussed the effectiveness of
TVB-N for the measurement of the freshness of
chilled-stored prawns. Authors also suggested the
limit of acceptability of TVB-N content in prawns
were 30 mg 100 gl. However, TVB-N along with
TMA has been used to assess the spoilage of prawns.
Siddiqui et al. (2011) suggested that both TVB-N and
TMA contents might be used as an indicator for
spoilage of brackish water tiger prawn kept at
ambient temperature. Contrary to the above state-
ment, Iyengar et al. (1960) asserted that TVB-N and
TMA content of prawn were not good indicators for
assessing the quality because it leaches out with the
effect of melted ice. Karthikeyan et al. (1999)
reported a reduction of TVB-N content in prawns
during ice storage and had attributed it to the
leaching action of the ice melt water; hence, TVB-
N was not recommended as a spoilage index for
prawn. However, this leaching could be prevented
by proper packaging of the sample during the
chilled storage.

Nucleotide degradation

After the death of prawn, ATP in the muscle
undergoes breakdown to adenosine diphosphate
(ADP) by the action of sarcoplasmic ATPase which
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is further degraded by deaminase action, this would
lead to the accumulation of inosine monophosphate
(IMP) (Saito & Arai, 1958). Nakamura et al. (1985)
reported the degradation of ATP and its related
compounds in P. japonicus during chilled storage. An
increase of hypoxanthine (1.68 to 3.67 mg g!) in
black tiger prawn stored at 22°C was observed by
Lou (1998). Mendes et al. (2001) found that
adenosine monophosphate (AMP) was the predomi-
nant nucleotide (9.3-11.8 m mol g!) in Norway
lobster and red prawn immediately after catching.
This accumulation of AMP was due to the action of
AMP deaminase (Yokoyama et al., 1992). Break-
down products of nucleotide have been used to
determine the level of spoilage in crustaceans
(Mendes et al., 2002).

Nucleotides in seafood are the derivatives of purine
in the catabolism of adenosine triphosphate (ATP).
The highest purine content has been reported in
prawns than other seafood (Lou et al., 1996). Cheuk
et al. (1979) reported the potential use of adenosine
deaminase and AMP deaminase as quality indices
for fresh prawns stored in ice. Hashimoto (1965)
reported the significance of IMP for the flavor of
good quality fish. IMP is further dephosphorylated
by phosphatase to inosine. Inosine is a tasteless
compound which further degrades into ribose and
hypoxanthine by the action of nucleoside hydrolase
enzyme. A similar pathway of nucleotide degrada-
tion in P. aztecus and P. monodon has been reported
by Flick & Lovell (1972). Adenosine deamination
pathway led to the accumulation of inosine in some
prawns during chilled storage (Cheuk et al., 1979).

The degradation pattern of ATP in marine molluscs
and crustaceans differs from that of fish. Sakaguchi
et al. (1989) reported the major pathways of
nucleotide degradation of marine molluscs and
crustaceans. Arai (1966) investigated the nucleotide
degradation pathway and catalyzing enzymes in
prawns and the author proposed two major
pathways for nucleotide degradation. However,
different pathways of nucleotide degradation in
molluscs and crustaceans will not affect the mea-
surement of K-value (Lakshmanan & Gopakumar,
1999). K-value, indicating the ratio between the sum
of inosine and hypoxanthine to the sum of all other
ATP breakdown products. According to Ehira (1976)
the rejection level of K-value in seafood is 60%
(Ehira, 1976). The rate of nucleotide degradation
differs from species, mode of harvesting, handling,
storage conditions, etc (Obatake et al., 1988).

194

Indole

Indole is a metabolite released from the degradation
of amino acid tryptophan by the action of bacterial
enzyme tryptophanase. Bacteria responsible for the
production of indole from prawns are Proteus
morganii and Escherichia coli (Chambers &
Staruszkiewich, 1981). According to Matches (1982),
P. morganii is a rapid indole producing organism in
prawn stored a temperature range of 11.1°C to
22.2°C. Indole is used as a freshness indicator for
raw prawn, especially very small prawns that are
difficult for organoleptic assessment (Ponder, 1978).
It is also used as a better-quality indicator than the
sensory assessment of processed prawns (Chambers
& Staruszkiewich, 1981). Salwin (1964) has demon-
strated a good correlation between indole and
sensory evaluation of fresh prawns. The level of
indole indicates the rate of decomposition of prawn;
whereas, decomposed prawn might not be contain
indole. The presence of indole in prawn reveals the
poor sensory quality and its amount is an index of
the extent of putrefaction. The amount of indole
produced in prawns was proportional to the extent
of decomposition (Ponder, 1978), bacterial flora,
temperature, handling, and storage (Chambers &
Staruszkiewicz, 1981). Indole content in fresh prawn
would be 1 pg 100 g! or less (Chambers &
Staruszkiewicz, 1981). As per USFDA (United States
Food and Drug Administration), fresh prawns
should contain an indole level less than 25 ug
100 g! (Finne, 1992).

Fonseka & Ranjini (1994) reported a sharp increase
of indole in tiger prawns stored at ambient
temperature. According to Botta (1995) the forma-
tion of indole was mainly due to the effect of storage
temperature than time. The maximum allowable
indole content in canned and pre- cooked frozen
shrimps is 25 mg 100 g (Skura, 1986). Chang et al.
(1983) found that an indole level more than 25 ug
100 g in highly decomposed prawns at 12°C than
at 22°C storage. These findings clearly indicated that
temperature has a great role to accelerate the
production of indole in prawns during storage.
Shamshad et al. (1990) observed that the level of
indole increased in P. merguensis with respect to
storage temperature and time. Thomas et al. (1995)
reported an indole level of 25 pg 100 g! in prawns
kept at ambient temperature for more than 12 h. The
authors also pointed out that even at low level of
indole in prawns could not be considered as a good

quality.
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Oxidation of lipid

Oxidation starts in fish and shellfish immediately
after capture (Harris & Tall, 1989). Changes in
marine lipid is mainly due to the action of lipolysis
(hydrolysis of lipids) and oxidation. Pro-oxidants,
substrates such as amino acids, heme compounds,
organic acids and pigments could accelerate the
oxidation process. Copper (Cu?') is one of the most
important metal ions involved in lipid oxidation
(Khayat & Schwall, 1983). Lipids are hydrolyzed by
lipases, phospholipases and free fatty acid catalyze,
etc. Oxidation of lipid affects the quality of seafood.
Fatty fishes contains a high level of unsaturated fatty
acids which undergo oxidative rancidity and pro-
duce peroxides and hydroperoxides which cause
changes in flavor, colour and texture of seafood
(Hultin et al., 1982). Several factors such as degree
of unsaturation, temperature, light, water activity,
and pH cause lipid oxidation in seafood. Non-
enzymatic reaction between auto-oxidative lipids,
proteins and sugars (Maillard reaction) cause
discolouration in fish muscle (El-Zeany et al., 1975).
Products from auto-oxidative lipid reaction with
protein are due to ionic condensation of primary
amino groups of protein with conjugated unsatur-
ated aldehydes of similarly active lipid oxidation
products resulting from cleavage of unsaturated
hydroperoxides (Ashie et al., 1996). Auto-oxidation
of major fatty acids follows the order
C18:0<C18:1<C18:2<C18:3 (Shahidi, 1994). The for-
mation of fatty peroxides and hydroperoxides
during the oxidation of fat could be determined by
an iodimetric method which is the most widely
accepted chemical test for rancidity. An increase of
PUFAs in phospholipid and no change of PUFAs in
total lipid had been reported in ice stored freshwater
prawn by Chanmugam et al. (1983). Bottino et al.
(1979) reported that there was no change in fatty
acids in brown prawns after 18 days of ice storage.
Significant changes of fatty acid in rose-shrimp
croquettes during the production process have been
reported by Cankirilig & Berik (2017). It is believed
that lipid oxidation did not occur if bacterial
spoilage has not been initiated. The products of
phospholipid hydrolysis and a number of non-
protein nitrogen compounds retarded autoxidation
(Sikorski, 1990). The thiobarbituric acid content is
used to measure the oxidation of marine lipids. The
acceptable limit of TBA values is 1-2 mg
malonaldehyde kg?! (Goulas & Kontominas, 2007).
Usually, free fatty acids content in marine lipids
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leads to hydrolytic rancidity. Hence, the amount of
free fatty acids available in marine oils determines
their quality. Fuller et al. (2020) suggested the
acceptable limit of free fatty acids in commercially
available krill oils is up to 2 wt%. Increasing of
thiobarbituric acid and free fatty acid in spanish
mackerel (Scomberomorus commersoni) and white
cheek shark (Carcharhinus dussumieri) during frozen
storage has been reported by Nazemroaya et al.
(2009).

Melanosis

Black spot formation is a common phenomenon in
prawns and other crustaceans; it is mainly due to
the action of polyphenoloxidase enzyme which
converts amino acid tyrosine to melanin; hence, it
is also known as melanosis. The other nomencla-
tures of the enzyme responsible for melanosis are
phenoloxidase, phenolase, monophenol, diphenol
oxidase and tyrosinase. Black spot formation in
prawns has been first reported by Fieger et al.
(1950). Black spots cannot be considered as spoilage,
but it affects the appearance of crustaceans ulti-
mately its market value. After a few hours of the
harvest of crustaceans, the black spot occurs chiefly
under the carapace of the cephalothorax due to the
interaction with atmospheric oxygen and the lack of
a proper cold chain system (Gokoglu & Yerlikaya,
2008). Polyphenol oxidase catalyzes two basic
reactions using the substrates phenols and O, which
is hydroxylation at the ortho-position adjacent to an
existing hydroxyl group of the phenyl substrate
(monophenol oxidase activity) and oxidation of the
diphenol to o-benzoquinones (diphenol oxidase
activity) which further reacts non-enzymatically in
the presence of O, to form melanin.

In Indian white prawns, phenoloxidase is chiefly
distributed in cephalothorax, shell and tail (Antony
& Nair, 1969; Savagaon & Sreenivasan, 1978).
Antony & Nair (1969) studied the distribution of
phenolase in certain species of Penaeid prawns and
they found that among the species M. affinis,
M. monoceros and F. indicus showed comparatively
higher phenoloxidase activity than Parapenaeopsis
stylifera and M. dobsoni. Bailey et al. (1960) observed
that the vital enzyme responsible for melanosis is
released from the blood leucocytes. The authors also
reported that phenoloxidase activity in prawns
(P. setiferus, P. aztecus) increases at 40°C to 60°C and
on exposure to air temperature. Copper and other
metallic ions accelerate the PPO activity (Fieger et
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al., 1961). Martinez-Alvarez et al. (2008) studied the
diphenoloxidase activity in the presence of
haemocyanin in deepwater pink prawns (Parapenaeus
longirostris) and observed that haemocyanin ac-
quired the ability to oxidize diphenols. Zamorano
et al. (2009) reported the characterization and
distribution of PPO in P. longirostris (deep water
pink prawn). Polyphenol oxidase isoenzymes have
been first isolated from mushrooms. Simpson et al.
(1987) purified phenoloxidase from the heads of
P. setiferous by affinity chromatography and found
that the enzyme was stimulated by copper and was
stable at pH 8 and 50°C, but unstable at acidic pH.
Opoku et al. (1992) extracted PPO from lobster
(Homarus americanus). Sodium bisulfite was first
introduced in the 1950s for inhibiting the formation
of black spots (Fieger & Novak, 1961). Usage of
sulfite was approved by USFDA in 1956 (Otwell &
Marshall, 1986). The residual phenoloxidase activity
in sulphite treated frozen M. monoceros during
storage was evaluated by Chakrabarti (1998). This
bisulfite could be removed from prawn by rinsing
with hypochlorite (Weigartner, 1975).

Changes in hardness

The texture is defined as the sensory and functional
manifestation of the structural and mechanical
properties of foods detected through the senses of
vision, hearing, touch and kinaesthetic (Szczesniak,
2002). Texture properties of raw fish and prawns are
mainly contributed by connective tissue and muscle
fibers (Dunajski, 1980). A positive correlation
between muscle fiber density and texture character-
istics such as chewiness and firmness had been
observed in seafood (Johnston et al., 2000). The
texture of prawns differs due to species, biological
condition, mode of catch and culinary treatments,
etc. Texture profile in seafood had been reviewed
by Szczesniak (2002). According to Szczesniak
(1963), instrumental texture analysis was divided
into three classes like fundamental, empirical and
imitative tests in which texture profile analysis falls
in the imitative test. Many instrumental methods
have been developed for measuring the textural
properties of fish and fishery products (Hyldig &
Nielsen, 2001). The invention of the general food
texture meter aids the food industry in texture
profile analysis of various products (Szczesniaket
al., 1963). The most common types of instrumental
texture analysis are based on rheological principle,
shear strength, puncture and compression.
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Changes in colour

The colour of the crustaceans plays a significant role
in determining their commercial value. Astaxanthin,
a protein-pigment complex gives red-orange colour
in crustaceans (Armenta-Lopez et al., 2002). Accord-
ing to Katayama et al. (1972) and Okada et al. (1994),
astaxanthin is a predominant carotenoid pigment in
Penaeids. Three forms of astaxanthin reported in
black tiger prawn were free astaxanthin, astaxanthin
monoester, and astaxanthin diester (Okada et al.,
1994). Among these, free astaxanthin is the predomi-
nant colour pigment and the other two have no
significant difference (Okada et al., 1995). According
to Britton (1996), this complex was green, purple, or
blue in colour in living crustaceans which turns to
red colour during thermal processing. Red
colouration in cooked prawns had been observed by
Okada et al. (1994) and the authors also suggested
that the intensity of colour formation is dependent
on the level of carotenoid pigment present in the
prawn. Enzymatic and non-enzymatic oxidation of
carotenoid pigment present in skin, shell or exosk-
eleton of fish and shellfishes leads to surface
discolouration. Formation of melanin provides
black discolourationin seafood mainly in shell
fishes. Sikorski (1990) suggested that dark brown to
black discolouration in seafood was mainly due to
the breakdown of melanin pigment. Colour degra-
dation occurs due to chemical reaction than by
enzymatic browning due to Maillard reaction and
auto-oxidative lipid reactions. In Maillard reaction,
browning is caused by the reaction between sugars
and amino acids; while, oxidative lipids react with
proteins.

Changes in sensory characteristics

Organoleptic assessment is the universally accepted
methodology to determine the quality of raw and
processed food products. Sensory assessment is
sensitive and reliable which should be conducted in
standardized conditions with trained personnel
(Sims et al., 1992). Sensory evaluation is one of the
oldest and most widespread means of evaluating
acceptability and edibility which can be defined as
the scientific discipline used to evoke, measure,
analyze and interpret the characteristics of food as
perceived by the senses of sight, smell, taste, and
touch. Fish and shellfish show characteristic changes
of sensory parameters like appearance, odour, taste
and texture during spoilage (Shewan et al., 1953).
As per USFDA (2005), good quality prawn has a
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translucent appearance, fresh odour, firm texture,
and sweet taste. Overall appearance was found to
be good in prawn stored at chilled condition even
after two days; however, slight blackening occured
in gill area. Huidobro et al. (2002) studied the effect
of onboard chilling with liquid ice and traditional
chilling with flake ice on the quality of deepwater
pink prawn (P. longirostris) and they found that
prawn stored in flake ice got higher colour score;
whereas, better firmness was reported in liquid ice
stored prawn.

Changes of bacterial flora of prawn

Quality deterioration of seafood is mainly due to
bacterial spoilage (Liston, 1980) and very less role
is attributed to autolytic changes (Liston, 1980).
Microorganisms, mainly Gram-negative bacteria
play important role in the spoilage of seafood (Cann,
1977; Gram & Huss, 2000). Bacteria generate
unpleasant off-odour and flavor compounds during
spoilage (Liston, 1980). Shellfish are more suscep-
tible to bacterial spoilage than fish because of their
high content of NPN-compounds. Newly caught
healthy fish are considered to be sterile (Shewan,
1961). After death, autolytic enzymes cause changes
in endogenous biochemical compounds in the meat
which conditions the substrate for bacterial action
(Ababouch et al., 1996). Bacteria from different parts
of the body pave the way to prawn muscle which
causes the decomposition of various low molecular
weight constituents and produces off-odour and off-
flavor compounds like H,S, NH, and volatile
metabolites (Gennari et al., 1999). Enzymes pro-
duced by bacteria breakdown are nitrogenous
compounds, nucleotides and alter marine lipids to
produce compounds having rancid flavors in fish
(Liston, 1965). Chai et al. (1968) and Herbert et al.
(1975) investigated the substrates utilized by differ-
ent bacterial species during spoilage, the rate of
degradation among different spoilage groups, and
the type of end products responsible for putrid and
offensive odour. Population and type of bacteria in
shellfish could be due to the contamination during
catching, handling, and processing. Cann (1971) and
Newell (1973) reported that mesophilic bacteria are
more in tropical crustaceans than in cold water.

Total plate count (TPC) is considered as an index
for the shelf life of the products (Bonnell, 1994). So,
it determines the level of deterioration of fish and
shellfishes (Tanikawa et al., 1955) and it is also used
to assess the level of sanitation practices in the
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processing plant. Storage temperature plays a great
role in the changes of microflora in prawns. An
increasing trend of TPC in shrimp (Penaeus
semisulcatus) and White Shrimp (Litopenaeus vannamei)
during chilled storage has been reported by Prabhu
etal. (2016) and Jeyakumari et al. (2019). Lakshmanan
et al. (2002) found that the total mesophilic count
of P. semisulcatus was 105 CFUg™.

Spoilage of chill-stored prawn or fish meat was
mainly due to the action of psychrotrophic bacteria
(Van-Spreekens & Toepoel, 1981). Generation period
of Pseudomonas spp. at 0 to 5 °C was very less and
it has the capability to utilize various NPN
components of muscle fluid. Pseudomonas spp. easily
dominates over other mesophilic bacteria and causes
spoilage of seafood. Significant reduction of bacte-
rial load in prawns treated with potassium sorbate
and sodium metabisulphite during chilled storage
has been reported by Jeyakumari et al. (2019).
Reduction of bacterial flora in Indian white prawns
after the treatment of high pressure processing has
been reported by (Ginson et al. 2016).

Reports are available on the survival and growth of
pathogenic bacteria in low-temperature storage
(Hall & Slade, 1980). Thampuran & Iyer (1990)
reported that the count of H,S producing bacteria
of the prawn was in the range of 1.41x10° CFU g
! to 8.4x10° CFU g'! and it comprises 0.4 to 10.3%
of the total count. Out of the H,S producer bacteria,
the count of S. putrefaciens ranged from 1.1 x102
CFU g-! to 8.9x10?> CFU g-! which comprise 0.5-
3.28% of the total flora and 31.6 to 42% of the total
H,S producer bacteria. Thampuran & Iyer (1990)
reported that Pseudomonas species is an active
spoiler and found only in a few numbers in
shellfish. The authors also reported that Aeromonas
were the major spoiler followed by Vibrio, Alteromonas
and Pseudomonas; however, it differs in the tropical
fish on the basis of volatile sulfide production.

Conclusion

This comprehensive review asserts the role of
quality indices such as pH, trimethylamine, total
volatile base nitrogen, K-value, indole, thiobarbituric
acid, free fatty acids, hardness, colour, organoleptic
properties and bacterial flora for the determination
of the level of spoilage in seafood, especially in
prawns. Spoilage pattern including postmortem
quality deterioration and its associated products of
prawns are also discussed. Physicochemical and
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microbiological quality attributes of prawn varies
with respect to species, habitat, mode of harvesting,
handling and storage conditions. The combined
action of enzymes and microbes are responsible for
quality deterioration in prawns. Novel preservation
techniques that are capable of inactivate these
parameters and extend the shelf life of prawn
without compromising of its natural attributes has
been greater significance.

Acknowledgements

The authors acknowledge the financial assistance pro-
vided by the National Agricultural Innovation Project
(NAIP), Indian Council of Agricultural Research, for
carrying out this work.

Reference

Ababouch, L. H., Souibri, L., Rhaliby, K., Ouahdi, O,
Battal, M. and Busta, F. F. (1996) Quality changes in
sardines (Sardina pilchardus) stored in ice and at
ambient temperature. Food Microbiol. 13: 123-132

Antony, P. D. and Nair, M. R. (1969) Studies on phenolase
enzymes in prawns - I. The distribution and physical
properties of phenolase in Penaeid prawns. Fish.
Technol. 5(1): 31-36

Arai, K. (1966) Nucleotides in the muscle of marine
invertebrates. Bull. Japan. Soc. Sci. Fish. 32: 174

Armenta-Lopez, R., Guerrero, I. and Huerta, S. (2002)
Astaxanthin extraction from shrimp waste by lactic
fermentation and enzymatic hydrolysis of the
carotenoprotein complex. J. Food Sci. 67: 1002-1006

Ashie, I. N. A, Smith, J. P. and Simpson, B. K. (1996)
Spoilage and shelf-life extension of fresh fish and
shellfish. Crit. Rev. Food Sci. Nutr. 36: 87-121

Bailey, M. E., Fieger, E. A. and Novak, A. F. (1960)
Physicochemical properties of the enzymes involved
in shrimp melanogenesis. Food Res. 25: 557

Basavakumar, K. V., Bhaskar, N., Ramesh, A. M. and
Reddy, G. V. S. (1998) Quality changes in cultured
tiger shrimp (Penaeus monodon) during ice storage. J.
Food Sci. Technol. 35(4): 305-309

Bonnell, A.D. (1994) Quality assurance in seafood
processing: A Practical Guide. Chapman and Hall,
London, UK

Botta, J. (1995) Evaluation of Seafood Freshness Quality,
pp: 24-32, VCH Publishing Inc., New York

Bottino, N. R., Lilly, M. L. and Finne, G. (1979) Fatty acid
stability of Gulf of Mexico brown shrimp (Penaeus
aztecus) held on ice and in frozen storage. J. Food Sci.
44: 1778-1779

198

Britton, G. (1996) Carotenoids. In: Natural food colourants
(Hendry, G. F. and Houghton, J. D., Eds), pp:197-243,
Blackie Academic and Professional, Glasgow, Scotland

Cankirilig, E. C. and Berik, N. (2017) Changes in fatty acid
and mineral compositions of rose-shrimp croquettes
during production process. Am. J. Food Technol. 12:
254-261

Cann, D. C. (1971) Report to the Government of Thailand
on fish handling and processing, pp: 17, Report FAO/
UNDRP (fA), (3021), Rome

Cann, D. C. (1977) Bacteriology of shellfish with reference
to international trade. Proceedings of the conference
on the handling, processing and marketing of tropical
fish, 511p, Tropical Products Institute, London

Chai, T., Chen, C., Rosen, A. and Levin, R. E. (1968)
Detection and incidence of specific species of spoilage
bacteria on fish. Appl. Microbiol. 16: 1738-1741

Chakrabarti, R. (1998) Shelf life and histamine content of
ten species of fish stored at ambient temperature. J.
Food Sci. Technol. 35(1): 62-65

Chambers, T. I. and Starustzkiewicz, W. E. (Jr.) (1981)
High-pressure liquid chromatographic method for
indole in shrimp: development of method and
collaborative study. J. AOAC. 64 (3): 592-602

Chang, G. W,, Chang, W. L. and Lew K. B. K. (1976)
Trimethyl amine-specific electrode for fish quality
control. J. Food Sci. 41: 723-724

Chang, M. W., Petrich, J. W,, Mc-Donald, D. B. and
Fleming, G. R. (1983) Non-exponential fluorescence
decay of tryptophan and N-terminal tryptophyl
peptides. J. Am. Chem. Soc. 105: 3819-3824

Chanmugam, P, Donovan, J., Wheeler, C. J. and Hwang,
D. H. (1983) Differences in the lipid composition of
freshwater prawn (Macrobrachium rosenbergii) and
marine shrimp. J. Food Sci. 48: 1440-1443

Cheuk, W. L., Finne, G. and Nickelson, R. (1979) Stability
of adenosine deaminase during ice storage of pink
and brown shrimp from Gulf of Mexico. J. Food Sci.
44: 1625-1633

Cobb, B. F. and Vanderzant, C. (1971) Biochemical
changes in shrimp inoculated with Pseudomonas,
Bacillus and Coryneform bacterium. J. Milk Food
Technol. 34(11): 533-540

Cobb, B. E., Alaniz, I. and Thompson, C. A. (Jr.) (1973)
Biochemical and microbial studies on shrimp: volatile
nitrogen and amino nitrogen analysis. J. Food Sci.38:
431-436

Dalgaard, P. (2000) Fresh and lightly preserved seafood.
In: Shelf life Evaluation of Foods (Man, C. M. D. and
Jones, A. A., Eds), pp 110-139, Maryland: Aspen
Publishers



Review on Spoilage of Prawns

Devadasan, K and Nair, M. R. (1970) Observations on
changes in the major protein nitrogen fractions of
prawns and sardines during ice storage. Fish. Technol.
6(2): 195 Dunajski, E. (1980) Texture of fish muscle.
J. Texture Stud. 10: 301-318

Ehira, S. (1976) A biochemical study on the freshness of
fish. Bulletin of Tokai Regional Fisheries Research
Laboratory 88: 1-132

El-Zeany, B. A., Pokorny. J. A. and Janicek, G. (1975) Auto-
oxidation of fish oil and fatty acid esters in mixture
with protein in presence of copper and iron salts.
Institute of Chemical Technologists Prague 42: 5

Eskin, N. A. M., Henderson, H. M. and Townsend, R. J.
(1971) Biochemistry of food. Academic Press, INC, 111
5t avenue, New York 10003, USA

Fatima, R., Khan, M. A., Quadri, K. and Qadri, R. B. (1988)
Shelf life of shrimp (Penaeus merguiensis) stored in ice
(2°C) and partially frozen (-3°C). J. Sci. Food Agric.
42: 235-247

Fieger, E. A. and Novak, A. F. (1961) Microbiology of shell
fish deterioration. In: Fish as Food. (Borgstom, G., Ed),
Vol-1, pp 561, Academic Press, New York

Fieger, E. A, Green, M., Lewis, H., Holmes, D. and
DuBois, C. W. (1950) Shrimp handling and preserva-
tion. Refri. Eng. 58: 244-248

Finne, G. (1992) Non-protein nitrogen compounds in fish
and shellfish. In: Advances in Seafood Biochemistry
Composition and Quality (Flick, G. J. and Martin R.
E., Eds), pp 393-401, Technomic Publishing, Lancaster,
Pennsylvania

Flick, G. J. and Lovell, R. T. (1972) Post-mortem
biochemical changes in the muscle of gulf shrimp
(Penaeus aztecus). J. Food Sci. 32: 609-611

Flores, S. C. and Crawford, D. L. (1973) Post-mortem
quality changes iced Pacific shrimp (Pandalusjordani).
J. Food Sci. 38: 575

Fonseka, T. S. G. and Ranjini, I. V. (1994) Storage life of
pond cultured shrimp (Penaeus monodon) held in
melting ice at ambient temperature, Annual Scientific
Session, 2" November 1997, pp 130-134, Nara,
Srilanka

Fuller, I. D., Cumming, A. H., Card, A., Burgess, E. ],
Barrow, C.J., Perry, N. B. and Killeen, D. P. (2020) Free
fatty acids in commercial krill oils: concentrations,
compositions, and implications for oxidative stability.
J. Am. Oil Chem. Soc. 97(8): 889-900

Gennari, M., Tomaselli, S. and Cotrona, V. (1999) The
microflora of fresh and spoiled sardines (Sardina
pilchardus) caught in Adriatic (Mediterranean Sea) and
stored in ice. Food Microbiol. 16: 15-28

Gentles, D. and ]J. D. Bragg (1993) Quality of Shrimp
Available to Consumers in Arkansas. Proceedings

199

Arkansas Academy of Science Vol.47

Ginson, J., Kamalakanth, C. K., Bindu, J. and Gopal, T.
S. (2016) Shelf life of high pressure treated Indian
white prawn (Fenneropenaeus indicus) during chilled
storage. Fish. Technol. 53: 37-47

Gokoglu, N. and Yerlikaya, P. (2008) Inhibition effects of
grape seed extracts on melanosis formation in shrimp
(Parapenaeus longirostris). Int. J. Food Sci. Technol.
43(6): 1004-1008

Goulas, A. E. and Kontominas, M. G. (2007) Combined
effect of light salting, modified atmosphere packaging
and oregano essential oil on the shelf-life of sea bream
(Sparus aurata): biochemical and sensory attributes.
Food Chem. 100: 287-296

Gram, L. and Huss, H. H. (2000) Fresh and processed fish
and shellfish. In: The Microbiological Safety and
Quality of Food (Lund, B. M., Baird-Parker, T. C. and
Gould, G. W., Eds), pp: 472-506, Aspen Publishers
Inc., Gaithersburg, Maryland

Hall, L. B. and Slade, A. (1981) Food poisoning organisms
in food - effect of freezing and cold storage III (final
report). Technical Memorandum, No. 276, Campden
Food Preservation Research Association, Chipping
Campden, United Kingdom

Harada, K. (1975) Studies on enzyme catalyzing the
formation of formaldehyde and dimethylamine in
tissue of fishes and shell fishes. J. Shimonoseki Univ.
Fish. 23(3): 163

Harada, K. (1991) Fish colour. Aust. Fish. 50: 18-19

Harris, P. and Tall, J. (1994) Rancidity in fish. In: Rancidity
in Foods. (Allen, J. and Hamilton R., Eds), pp: 256-
272, Chapman and Hall, London

Hashimoto, Y. (1965) Taste-producing substances in
marine products. In: The technology of fish utilization:
contributions from research (Kreuzer, R., Ed), pp: 57-
61, Fishing News (Books), Ltd., London

Hatae, K., Tobimatsu, A., Takeyama, M. and Matsumoto,
J. J. (1986) Contribution of the connective tissues on
the texture differences of various fish species. Bull.
Japan. Soc. Sci. Fish. 52: 2001-2008

Hebard, C. E. Flick, G. J. and Martin, R. E. (1982)
Occurrence and Significance of trimethylamine oxide
and its derivatives in fish and shellfish. Westport, CT,
AVI Publishing, USA

Herbert, R. A., Ellis, J. R. and Shewan, ]J. M. (1975)
Isolation and identification of the volatile sulphides
produced during chill-storage of North Sea cod (Gadus
morhua). J. Sci. Food Agric. 26: 1195

Huidobro, A., Lo'pez-Caballero, M. E. and Mendes, R.
(2002) Onboard processing of deepwater pink shrimp
(Parapenaeus longirostris) with liquid ice: effect on
quality. Eur. Food Res. Technol. 214: 469-475



Ginson, Remya and Bindu

Hultin, H. O., Mc-Donald, R. E. and Kelleher, S. D. (1982)
Lipid oxidation in fish muscle microsomes. In:
Chemistry and Biochemistry of Marine Food Products
(Martin., R. E., Flick, G. J., Hebard, C. E. and Ward,
D. R, Eds), pp: 1, AVI Publishing Co., Westport, CT

Hyldig, G. and Nielsen, D. (2001) A review of sensory and
instrumental methods used to evaluate the texture of
fish muscle. J. Texture Stud. 32(3): 219-242

ICMSF (1986) Microorganisms in foods 2. Sampling for food
microbiological analysis: Principle and Specific Applica-
tions, 2™ edn., Toronto, Canada: University of Toronto
Press

Iyengar, J. R., Visweswariah, K., Moorjani, M. N. and
Bhatia, D. S. (1960) Assessment of the progressive
spoilage of ice stored shrimp. J. Fish Res. Board Can.
17(4): 475

Jayaweera, V. and Subasinghe, S. (1988) Microbiological
changes in prawn (Penaeus sp.) during processing in
Sri Lanka, NARA, Crow Island, Mattakkuliya, Co-
lombo, Sri Lanka, FAO Fish Report, No. 401 Suppl.
Rome. pp 57-67

Jeyakumari, A., Debbarma, J., Remya, S., Ravishankar, C.
N., Zynudheen, A. A., Ninan, G. and Lalitha, K. V.
(2019) Quality Changes of White Shrimp (Litopenaeus
vannamei) Treated with Potassium Sorbate and Sodium
Metabisulphite: A Comparative Study. Int. J. Curr.
Microbiol. Appl. Sci. §(11): 1331-1339

Johnston, I. A., Alderson, R., Sandham, C., Dingwall, A.,
Mitchell, D. and Selkirk, C. (2000) Muscle fiber density
in relation to the colour and texture of smoked
Atlantic salmon (Salmo salar L.). Aquacult. 189: 335-
349

Joseph, J., Perigreen P. A. and Gopalakrishna-Lyer, T. S.
(1998) Storage characteristics of cultured Penaeus
indicus in ice and at ambient temperature. Fish.
Technol. 35: 84-89

Karthikeyan, M., Jawahar-Abraham, T., Shanmugam, S.
A., Indra-Jasmine, G. and Jeyachandran, P. (1999).
Effect of washing and chlorine disinfection on the
quality and shelf-life of iced cultured shrimp. J. Food
Sci. Technol. 36(2): 173-176

Katayama, T, Kamata, T.,, Shimaya, M., Deshimaru, O.
and Chichester, O. O. (1972) The biosynthesis of
astaxanthin-VIII. The conversion of labeled beta-
carotene-15, 15-3H2 into astaxanthin in prawn Penaeus
japonicus Bate. Bull. Jap. Soc. Sci. Fish. 38(10): 1171-
1175

Khayat, A. and Schwall, D. (1983) Lipid oxidation in
seafood. Food Technol. 37(7): 13-40

Lakshmanan, P. T. and Gopakumar, K. (1999) K-value, an
index for estimating fish freshness and quality. Curr.
Sci. 76(3): 400-405

200

Lakshmanan, R., Jeya-Shakila, R. and Jeyasekaran, G.
(2002) Survival of amine forming bacteria during the
ice storage of fish and shrimp. Food Microbiol. 19: 617-
625

Laycock, R. A. and Regier, L. W. (1971) Trimethylamine
producing bacteria on haddock (Melanogrammus
aeglefinus) fillets during refrigerated storage 28(3): 306
-309

Liston, J. (1965) Bacteriological enzymes and their role in
the deteriorative changes in fish. In: The Technology
of Fish Utilization (Kreuzer, R., Ed), pp 53-57, Fishing
News (Books) Ltd., London

Liston, J. (1980) Microbiology in fishery science. In:
Advances in Fish Science and Technology (Connel, J.
J. and Farnham, Eds), pp 23-27, Papers presented at
the Jubilee Conference of the Torry Research Station,
Aberdeen, Scotland

Lou, H., Gagel, R. F. and Berget, S. M. (1996) An intron
enhancer recognized by splicing factors activates
polyadenylation. Genes Dev. 10: 208-219

Lou, S. (1998) Purine content in grass shrimp during
storage as related to freshness. J. Food Sci. 63: 442-
444

Love, R. M. (1975) Variability of Atlantic cod (Gadus
morhua) from the northeast Atlantic: a review of
seasonal and environmental influences on various
attributes of fish. J. Fish Res. Board Can. 32: 2333-2342

Ludorff, W. and Meyer, V. (1973) Fish and fish products.
Hamburg- Berlin: Paul Parey Verlag

Martinez-Alvarez, O., Montero, P. and Gémez-Guillén, C.
(2008) Evidence of an active laccase-like enzyme in
deepwater pink shrimp (Parapenaeuslongirostris). Food
Chem. 108: 624-632

Matches, J. R. (1982) Microbial changes in packages. In:
Proceeding of the First National Conference on
Seafood Packaging and Shipping. (Martin, R., Ed), pp
46-70, National Fisheries Inst. Seattle, WA

Mendes R., Huidobro A. and Lopez-Caballero E. (2002)
Indole levels in deep water pink shrimp (Parapenaeus
longirostris). Eur. Food Res. Technol. 214: 125-130

Mendes, R., Quinta, R. and Nunes, M. L. (2001) Changes
in baseline levels of nucleotides during ice storage of
fish and crustaceans from the Portuguese coast.
European Eur. Food Res. Technol. 214: 141-146

Montgomery, W. A., Sidhu, G. S. and Vale, G. L. (1970)
The Australian prawn industry, 1. Natural resources
and quality aspects of whole cooked fresh prawns and
frozen prawn meat. CSIRO Food Preserv. 30(2): 21

Nakamura, H.,, Wu, H., Kobayashi, J. I., Kobayashi, M.,
Ohizumi, Y. and Hirata, Y. (1985) Agelasidines. Novel
hypotaurocyamine derivatives from the Okinawan sea



Review on Spoilage of Prawns

sponge agelas nakamurai hoshino. J. Org. Chem. 50:
2494-2497

Nazemroaya, S., Sahari, M. A., and Rezaei, M. (2009)
Effect of frozen storage on fatty acid composition and
changes in lipid content of Scomberomorus commersoni
and Carcharhinus dussumieri. J. Appl. Ichthyol. 25(1):
91-95

Newell, B. S. (1973) CSIRO division of fisheries and
oceanography. Technical paper No. 35

Nip, W. K. and Moy, J. H. (1988) Microstructural changes
of ice-chilled and cooked freshwater prawn,
Macrobrachium rosenbergii. J. Food Sci. 53: 319-322

Obatake, A., Doi, T. and Ono, T. (1988) Post-mortem
change in inosine monophosphate concentration and
related enzyme activity in the dark muscle fish. Bull.
Japan. Soc. Sci. Fish. 54: 283-288

Okada, S., Nur, E.,, Borhan, S.A., Watanabe, S. and
Yamaguchi, K. (1994) Pigmentation of culture black
tiger prawn by feeding a Spirulina supplemented diet.
In: Third International Marine Biotechnology Confer-
ence. 61 p, Tromsoe, Norway

Okada, S., Nur-E-Borhan, S. A., Watabe, S. and Yamaguchi,
K. (1995) Changes in body colour appearance of the
black tiger prawn Penaeus monodon by the varied
composition of carotenoids soluble as carotenoprotein
and remaining insoluble after collagenase treatment
for the muscular epithelium. Fish. Sci. 61: 964-967

Opoku-Gyamfua, A., Simpson, B. K. and Squires, E. J.
(1992) Comparative studies on the polyphenol oxidase
fraction from lobster and tyrosinase. J. Agric. Food
Chem. 40: 772-775

Otwell, W. S. and Marshall, M. (1986) Screening
alternatives to sulfiting agents to control shrimp
melanosis. Technical Paper No. 26, Florida Coopera-
tive Extension Service, Sea Grant Extension Program

Peranginangin, R., Suparno and Mulyanah, 1. (1992)
Quality of cultured tiger prawn (Penaeus monodon)
and deterioration during storage. A review. FAO
Fisheries Report No. 470 Suppl. FAO, Rome, pp 17-
23

Ponder, C. (1978) Fluorometric determination of indole
in shrimp. J. AOAC Intern. 29: 177-188

Prabhu, N. M., Rajasekar, P.,, Nisha, R. G., Yasminebegam,
A. A, Kannapiran, E. and Manikandan, R. (2016)
Effect of turmeric on shrimp (Penaeus semisulcatus)

shelf life extension in chilled storage conditions. Iran.
J. Fish. Sci. 15(1): 39-52

Regenstein, ]J. M., Schlosser, M. A., Samson, A. and Fey,
F. (1982) Chemical changes of trimethylamine oxide
during fresh and frozen storage of fish. In: Chemistry
and Biochemistry of Marine Food Products (Martin,
R. E., Flick, G. J., Hebard, C. E. and Ward, D. R., Eds),

201

pp 137-148, AVI Publishing Company, Westport,
Connecticut

Reilly, P. J. A., Bernarte, M. A. and Dangala, E. (1987)
Handling black tiger shrimp. INFOFISH Inter. 5: 38-
39

Rowland, B., Flinne, G. and Tillman, R. (1982) A
morphological study of muscles proteolysis in the tails
of Macrobachium rosenbergii. Proceeding, (pp 105), 7*
Annual Tropical and Subtropical Fish Technology
Conference America, TAMU-SG-82-10

Saito, T. and Arai, K. (1958) Further studies of inosinic
acid formation in carp muscle. Bull. Japan. Soc. Sci.
Fish. 23: 579

Sakaguchi, T., Tovoda, T., Gotoh, B., Inocencio, N. M.,
Kuma, K., Miyata, T. and Nagai, Y. (1989) Newcastle
disease virus evolution. I. Multiple linkages defined
by sequence variability of the hemagglutinin-
neuraminidase gene. Virol. 169: 260-272

Salwin, H. (1964) Report on decomposition and fifth in
foods (chemical indexes). J. AOAC. 47: 57-58

Sareevoravitkul, R. (1995) The use of enzyme inhibitor
and high hydrostatic pressure to formulate fish gels
of superior quality. M.Sc. Thesis, Department of Food
Science and  Agricultural Chemistry, Macdonald
Campus, McGill University

Savagaon, K. A. and Sreenivasan, A. (1978) Activiation
mechanisim of pre-phenoloxidase in lobster and
shrimp. Fish. Technol. 15: 49

Sequeira-Munoz, A., Chevalier, D., Le-Bail, A,
Ramaswamy, H. S. and Simpson, B. K. (2006)
Physicochemical changes induced in carp (Cyprinus
carpio) fillets by high pressure processing at low
temperature. Innov. Food Sci. Emerg. Technol. 7: 13-
18

Shahidi, F. (1994) Flavor of Meat and Meat Products an
Overview. In: Flavor of Meat and Meat Products.
(Shahidi, F., Ed), pp 1-3, Blackie Academic and
Professional, London

Shamshad, S. I., Nisa, K., Riaz, M. and Zuberi, R. (1990)
Shelf life of shrimp (Penaeus merguiensis) stored at
different temperatures. J. Food Sci. 55: 1201-1205

Shewan, J. M. (1961) The microbiology of sea water fish.
In: Fish as Food. (Borgstrom, G., Ed), pp 167-193,
Academic Press, London

Shewan, J. M., Mackintoch, R. G., Tucher, C. G. and
Erhenberg, A. S. C. (1953) The development of a
numerical scoring system for the sensory assessment
of the spoilage of wet fish stored in ice. J. Sci. Food
Agric. 6: 183-198

Siddiqui, M. N., Chowdhury, M. M. R., Hasan, M. ],
Haque, M. N., Ahmed, A. and Rahman, M. M. (2011)
Organoleptic, biochemical and microbiological changes



Ginson, Remya and Bindu

of freshwater prawn (Macrobrachium rosenbergii) in
different storage conditions. Bangaladesh Res. Pub. J.
1 5(3): 234-244

Sikorski, Z. E. (1990) Seafood: resources, nutritional
composition, and preservation, 248 p, Boca Raton, Fla.
CRC Press Inc

Sikorski, Z. E. and Borderias, J. A. (1994) Collagen in the
muscles and skin of marine animals. In: Seafood
Proteins (Sikorski, Z. E., Pan, B. S. and Shahidi, F,,
Eds), pp 58-70, Chapman and Hall, New York

Sikorski, Z. E. and Kolakowska, A. (1994) Changes in
proteins and non-protein nitrogen in postmortem
changes in seafood. In: Seafood Proteins (Sikorski, Z.
E., Pan, B. S. and Shahidi, F., Eds), pp 71-83, Chapman
& Hall, New York

Simidu, W. (1962) Non-protein nitrogenous compounds.
In: Fish as Food (Borgstorm, G., Ed), pp 353-375,
Academic press, New York

Simpson, B. K., Marshall, M. R. and Otwell, W. S. (1987)
Phenoloxidase from shrimp (Penaues setiferus): Purifi-
cation and some properties. J. Agric. Food Chem. 35:
918-921

Sims, G. G., Farn, G. and York, R. K. (1992) Quality
indices for canned skipjack tuna: correlation of
sensory attributes with chemical indices. J. Food Sci.
57(5): 1112-1115

Skura, B. J. (1986) An evaluation of the role of
microbiological criteria for foods and food ingredients,
pp 436, National Academy Press, Washington, DC

Smaldone, G., Marrone, R., Vollano, L., Chirollo, C.,
Pellicane, A. and Palma, G. (2011) Shelf life of thawed
crustaceans treated with sulphites. Ital. J. Food Saf. 1(1):
85-89

Szczesniak, A. S. (1963) Classification of textural charac-
teristics. J. Food Sci. 28: 385-389

Szczesniak, A. S. (2002) Texture is a sensory property.
Food Qual. Prefer. 13: 215-225

Szczesniak, A. S., Brandt, M. A. and Friedman, H. (1963)
Development of standard rating scales for mechanical
parameters of texture and correlation between the
objective and sensory methods of texture evaluation.
J. Food Sci. 28: 397-403

Tanikawa, E., Akiba, M. and Yoshitani, S. (1955) Studies
on the nutritive value of the meat of sea cucumber
(Stichopus japonicas Selenka)-II. Seasonal changes of

202

chemical components of the meat of Stichopus
japonicus. Bull. Fac. Fish. Hokkaido Univ. 5: 341-345

Thampuran, N. and Iyer, K. M. (1990) Production of
hydrogen sulphide and other volatile sulphides by
marine spoilage bacteria. Fish. Technol. 27: 145-150

Thomas, J. C., Adams, D. G., Nessler, C. L., Brown, J. K.
and Bohnert, H. J. (1995) Tryptophan decarboxylase,
tryptamine, and reproduction of the whitefly. Plant
Physiol. 109: 717-720

Tomlinson, N., Geiger, S. E., Kay, W. W,, Uthe, J. and
Roach, S. W. (1965) Partial freezing as a means of
preserving Pacific salmon intended for canning. J.
Fish. Res. Board Can. 22: 955-968

USFDA (2005) Food Code. DHHS/PHS/FDA, Washington,
D.C. www.cfsan.fda.gov/dms/foodcode D.C.
www.cfsan.fda.gov/~dms/foodcode. html#get01 (ac-
cessed March 14, 2010)

Van-Spreekens, K. J. A. and Toepoel, L. (1981) Quality of
fishery products in connection with the psychrophilic
and psychrotrophic bacterial flora. In: Psycrotrophic
Microorganisms in Spoilage and Pathogenicity (Rob-
erts, T. A, Hobbs, G., Christian, J. H. B. and
Skovgaard, N. Eds), pp 283-294, Academic Press,
London

Varlik, C., Baygar, T., Ozden, O., Erkan, N. and Metin,
S. (2000) Sensory evaluation and determination of
some physical and chemical characteristics of shrimp
during gold storage. Turk. J. Vet. Anim. Sci. 24: 181-
185

Weigartner, K. E. (1975) Effect of hypochlorite rinses on
microbial and bisulfite levels of iced Penaeus shrimp.
M.Sc. Thesis, University of Florida, Gainesvilla

Yamada, K. (1967) Occurrence and origin of trimethy-
lamine oxide in fishes and marine invertebrates. B.
Jpn. Soc. Sci. 33: 591-603

Yamagata, M. and Low, L. K. (1995) Banana shrimp,
Penaeus merguiensis, quality changes during iced and
frozen storage. J. Food Sci. 60: 721-26

Yokoyama, S., Matsuo, Y., Rajasekharan, S. and Yokoyama,
R. (1992) Molecular structure of the human alcohol
dehydrogenase 3 gene. Jpn. J. Genet. 67: 167-171

Zamorano, J. P, Martinez-Alvarez, O., Montero, P. and
Gomez-Guillen, M. C. (2009) Characterization and
tissue distribution of polyphenol oxidase of deepwater
pink shrimp (Parapenaeus longirostris). Food Chem.
112: 104-111




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


