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Cltapter 1 

1.1. Importance of Cepbalopods 

Indian fish landings mainly consist of teleost fish, elasmobranch, 

cephalopods & crustacea. Among the above species, cephalopods play a 

vital role and their contribution spreads about 3.0-3.5% of the whole fish 

landings of India (Anon, 1998). Cephalopods namely octopus, cuttlefish and 

squid - comprise one of the most significant components of marine life. All 

are large fast growing and active predators with highly evolved and 

specialized qualities of great inherent interest. Southern coast of the country 

contributes most of the cephalopod catch, especially the southeast coast. 

Cephalopods are exclusively marine molluscs and there are about 660 

species in the world ocean. (Silas et aI., 1985). There are about 80 species of 

cephalopods of commercial and scientific interest distributed in the Indian 

seas, the major cephalopods being cuttlefish, squid, and octopus (Silas, 

1968; Oommen, 1977). They are an integral part of ocean ecosystem, which 

are heavily exploited as a major human food source. They are important 

animals used in biological research in areas such as neuro science. 

Large populations of cephalopods are found in the world's entire 

ocean. They are maj or food resources for many 0 f the top predators such as 

whales, dolphins etc. The major species that dominate our squid catch are 

Loligo duvaucelii (Orbigny, 1848) and Doryteuthis sibogae (Adam, 1954). 

In Kerala, the above species contribute about 95-98% of the total squid 

catch. 
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General Introduction 

1.2.Contribution of Cephalopods 

Over the years, the frozen seafood markets for Indian seafood have 

witnessed rapid changes. USA was the principle buyer for our frozen 

shrimps for a long time but after 1971, Japan emerged as a principle buyer 

followed by Western European countries. While Japan accounts for 50% 

in the volume and 31 % in the value, the member countries in European 

Union emerged as a leading market accounting 20% in volume and 19% in 

the value during the year 2002-2003, while USA counted for 12% in 

volume and 24% in value. China emerged as the largest market in terms of 

volume accounting for 32% of the total volume of marine products 

exported from the country. There was a decrease during 2001-2002 in 

quantity and value when compared to 2000-2001. The export of frozen 

squid recorded an increase of 2162 metric tons (value of Rs.5.24 crore) 

during 2001-2002. During the year 2001-2002 India exported a total 

quantity of 424,470 tones of seafood worth US $ 1,253 million (Rs.5957 

crares). Frozen squid contributed 9%(39822.3 tonnes) of the total catch. In 

terms of value, frozen squid contributed about 5.5%(Rs.327.6 crore) of the 

total earnings (Bojan, 2003). 

1.3.Resources 

There are 30 families and 460 species of squid known to exist in 

oceans around the world, which excludes 190 species of octopods. There are 

about 18 species of decapods and 10 species of octopods along the Indian 

coast. In the major revision Adam (1939) has redescribed 53 species under 

23 genera. Taki (1981) has given a catalogue of the cephalopods, which 

includes many species that are also distributed in Indian Ocean. 
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Chapter 1 

1.4.Morphology 

Squid is practically a cone shaped sack consisting of several layers of 

tissue, which envelops the organs. The head with 8 or 10 tentacles, which 

sprout around the mouth, is loosely attached to the body. There are no bones 

to support the muscles. Squid and cuttlefish refer to all those cephalopods 

having ten circum oral arms, eight of which are short and two slender and 

tentacular. The suckers of the arms and tentacles are stalked and equipped 

with armature. 

Squids have a chitinous internal shell and a cylindrically elongate 

body. A large calcified internal shell, the cuttlebone, characterizes Cuttlefish 

and an ovoid body somewhat flattened dorsoventrally. The fins are either 

terminal or marginal in position and uniting at the apex of the mantle. 

1.4.1. Lo/igo duvaucelii (Orhigny, 1848) -Plate 1 

The mantle is cylindrically elongate and tubular with almost parallel 

sides upto the point where the fins originate, then tapers to a blunt posterior 

point. The mid-dorsal projection of the anterior margin of mantle is 

rounded. The fins are small and short, 50-55 per cent of mantle length and 

rhombic in outline. They are broadest near the middle, the anterior margin is 

nearly straight or slightly convex and the posterior margin is concave. The 

tentacles are slender and long with expanded clubs. Club suckers are 

arranged in four rows; the suckers on the manus of the club are the largest, 

the median ones being more enlarged than the marginal ones. The large 

manus suckers bear about 14-17 pointed teeth on the rings. 

In fresh condition immediately upon capture, the squid is colourless 

and mantle transparent showing the internal visceral organs. There are 
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Genera/lntroductioll 

numerous light brown chromatophores scattered all over the mantle, fins, 

head and anns. On the ventral side chromatophores are less dense and 

appear whitish. 

1.4.2.Doryteuthis sihogae (Adam, 1954) -Plate 2 

The mantle is long and slender, widest at the middle and from the 

insertion of the fins it becomes narrow and tapers to a sharp end posterioriy. 

The mid-dorsal projection of the mantle is pointed anteriorly. A distinct 

longitudinal concentration of chromatophores is present midventrally on the 

mantle. Such concentration is distinct in males and feeble in females. In 

fresh condition, the mantle is whitish with dark brownish chromatophores 

on the dorsal side. On the ventral side the chromatophores are concentrated 

medially in the fonn of a line. 

1.5. Quality of Squid 

Quality is defined as a totality of features and characteristics of a 

product or service that, bear on its ability to satisfy a given need, degree or 

grade of excellence, grade of goodness. Quality is often related to the price 

at which the commodity is purchased or the purpose for which it is to be 

used. In relation to seafood, the quality is the sum total of its composition, 

nutritive value, degree of freshness, physical damage, deterioration while 

handling, processing and storage, distribution and marketing, hazards to 

health etc. The yardstick for measuring the quality is consumer acceptance. 

Consumer preferences, however, vary from country to country, region to 

region and even period to period. In order to assure quality, it is essential to 

know what the consumer is looking for. But large-scale commercialization 

of cephalopods has been difficult because of intense autolysis occurring in 

5 



Chapter 1 

the muscle associated with high level of proteolytic activities. These high 

level activities have been physiologically associated with the growth, which 

induce rapid post-mortem degradation with accompanying release of high 

level of nitrogen from the muscle. This will consequently result in enhanced 

microbial growth leading to tissue spoilage. Acid phosphatase (EC 3.1.3.2) 

is the marker enzyme of lysosome and exists in a latent form. Enhanced 

activity of acid phosphatase seems to be characteristic of tissue damage and 

have become a useful diagnostic and experimental tool. The presence of 

cathepsin D like activity proteinase of lysosomal origin can play a vital role 

in the degradation of squid mantle muscle. It is logical to experiment 

methods/treatments, which can arrest or minimize the release of lysosomal 

enzymes so that post-mortem degradation of squid tissue can be reduced. 

From the consumer's point of view, some of the important factors that 

determine the quality of the product are: species, odour, appearance of the 

fish, flavour, texture, presence of parasites, presence of food poisoning 

bacteria, presence of foreign matter, composition of fish, and finally the 

packing. Longer the time taken to reach the final consumer higher the 

degree of spoilage unless, the fish is kept under controlled conditions. 

Throughout the world, the food business operations are quickly changing 

from a production-driven into a consumer-driven business. More and more 

stringent demands are to be met in order to avoid loss of consumer 

confidence. Also the food industry is facing tighter constraints because of 

increasing manufacturer's product liability, hence stricter environment and 

animal-friendly production methods are becoming more important. 

To maintain our prime position in the international arena, it is 

essential that the industry is able to compete in quality, wholesomeness 

6 



General Introduction 

and price with similar products in the global market. Our fishery products 

must also meet the organoleptic, bacteriological and chemical standards 

stipulated by the importing countries. Thus, it becomes imperative for the 

fish processing industry in India, to establish the most competitive quality 

systems and take adequate steps to establish Good Manufacturing 

Practices (GMP). Investigations carried out on the frozen storage 

characteristics of Squid and cuttlefish show that these products can be 

stored for a maximum period of 15 weeks at -18°C (Joseph et aI., 1977; 

J oseph and Perigreen 1988). 

1.6. Background of the Work 

Cephalopods are utilized as an important food item in vanous 

countries because of its delicacy as raw consumed food. Mainly sepia and 

loligo are consumed raw by Japanese and Russians. The freshness of the 

products is very important when the product is consumed raw. The major 

species that dominate our squid catch are Loligo duvaucelii and Doryteuthis 

sibogae. There is a noticeable difference in the quality of both the species. 

The needle squid (Doryteuthis sibogae) contributes about 35% of the total 

squid landing. Due to the fast deterioration, a major portion of the needle 

squid, which is caught during the first few hauls, is thrown back to sea. The 

catch in the last hauls only are taken to the landing centers. At present the 

needle squid is processed as blanched rings and the desired quality is not 

obtained if it is processed as whole, whole cleaned or as tubes. In this study 

an attempt is made to investigate the biochemical characteristics in both the 

species of squid in relation to their quality and, the process control measures 

to be adopted. The effect of various treatments on their quality and the 

changes in proteolytic and lysosomal enzymes under various processing 
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conditions are also studied in detail. Thus this study can provide the seafood 

industry with relevant suggestions and solutions for effective utilization of 

both the species of squid with emphasis on needle squid. 

1.7. Objectives of the study 

Y Preliminary composition studies to highlight the nutritional significance 

of squid 

Y To study the quality changes during various storage conditions. 

y To study the changes in structural protein and other quality parameters 

under various treatments. 

y To characterize the protein fractions usmg SDS Polyacrylamide gel 

electrophoresis. 

y To study the kinetics of tissue proteolytic enzymes and to compare the 

changes in the enzyme activity under various processing conditions. 

y To study the lysosomal stability as an index of the autolytic spoilage in 

the two species. 

y To recommend an effective treatment to minimize the deteriorative 

changes by post mortem autolytic changes and thereby to maintain the 

quality of the products. 

y To recommend process control measures to increase the utilization of 

both the species. 

8 
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Chapter 2 

2.1. Introduction 

Cephalopods are mainly commercial in the Mediterranean countries 

and the Far East, but although consumption is much lower in the rest of the 

world, there has been a considerable increase in recent years. These 

species are normally processed both fresh and frozen. The percentage of 

the edible portion of the cephalopods is exceptionally high, between 60 to 

80% of the total weight depending on species, size of specimen and sexual 

maturity, whereas in fish the percentages is only 40-70% (Sikorski & 

Kolodziej ska, 1996) 

The main edible portion of the squid is the mantle. A variety of 

processed food is made from squid as the raw material and each is 

appreciated for its special flavour and taste. The fresh squid has a sticky 

feeling, and is not easy to chew. It contracts following cooking and a round 

shape is assumed due to the shrinkage, especially the skin. The squid meat 

differs from fish muscle, structurally and biochemically. 

The squid muscle is composed of several layers of fibres running 

transversally to each other and covered with several sheets of connective 

tissue. The muscle fibres are not only strong which differ from fish meat, 

but their arrangement is also very different. The protein present can be 

broadly categorized into myofibrillar protein composed of similar 

myofibrils as the muscle protein of other animals, sarcoplasmic proteins 

which fills the gaps of myofibrils and muscle based protein composed of 

connective tissue. Myofibrillar protein is the major constituent followed by 

sarcoplasmic protein and muscle based proteins. 
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Composition of squid 

The mantles of cephalopods are quite close in chemical composition 

to low fat fishes and white meat fish. The four major constituents in the 

edible portion of cephalopods are water, proteins, lipids and ash (minerals). 

The analysis of these four basic constituents is referred to as proximate 

analysis (Love, 1970) Different factors like environmental conditions, 

which include temperature, salinity, pressure and availability of food etc. 

have profound influence in the biochemical composition. There may be 

group specific or species-specific in the biochemical composition (Stansby, 

1982). By comparing the composition of squid muscle with some selected 

species of cephalopods, an attempt is made to emphasize the nutritional 

sigoificance of squid as a food item. Information of the biochemical 

constituents will also be helpful in defining optimum processing and storage 

conditions in order to preserve the quality to the maximum. 

Micro-organisms play a vital role in the quality and safety of squid 

muscle, which is being handled by the workers from the point of catch till it 

reaches the processing plant. Sanitary significant bacteria are the major 

cause of post mortem changes in the squid muscle. The study of 

microbiology helps us to define the precautionary measures to reduce the 

bacterial load to get a premium quality product. 

Every fish will have a native flora of micro-organism. The nature of 

this native micro flora will largely depend upon the habitat of fish. Since the 

washing of seafood items in fresh water is inevitable, the quality of water 

used should be taken care of. 

The microbes of fresh water are mostly a mixture of gram +ve and 

gram ~ve organisms. They are less tolerant to salt; rather, they are killed or 

inhibited by salt concentrations above 0.5%. The fresh water microbes are 
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found to be a mixture of spoilage organisms and human pathogens. The 

presence of human pathogens can be traced to the intervention of human 

activities and fresh water availability. 

2.2.Review of literature 

2.2.1. Proximate composition 

In order to emphasize the importance of squid and the quality 

deterioration during various processing steps, elaborate studies in food 

chemistry have been carried out. In the study done by Tze-kuei-chiou et aI., 

(2000), changes in chemical constituents and quality of Argentina squid 

before and after drying during various seasons, were investigated. 

Lakshmanan and Balachandran (2000) in their study on various bio

chemical properties of squid and cuttlefish compared the proximate 

composition of fresh cephalopods available in Kerala coast. Lakshman et 

aI., (1993) has done a detailed study on the quality of commercially frozen 

cephalopod product from India, where the selected species were loligo 

species of squid and sepia species of cuttlefish. The proximate composition 

and the sweet flavouring compounds like water extractable nitrogen (WEN), 

non-protein nitrogen (NPN) and alpha amino nitrogen content were studied 

in fresh and frozen stored cephalopods. Selvaraj (1991) has studied the bio

chemical changes of Loligo duvaucelii on frozen storage before and after 

treatment with ascorbic acid. Sikorski and Kolodziejska (1986) have studied 

the chemical composition, structure and properties of Loligo pealei squid 

meat. Sugiyama et aI., (1980) has studied the structural details and the usage 

of squid. The yield of edible fleshy parts in the body of squid is 

exceptionally high, being 60% to 80% of the total weight, depending on the 
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species, the size of the specimen and the sexual maturity. Pandit and Magar 

(1972) have found that the squid meat is rich in calcium, phosphorus, and 

iron and contains moderate amounts of B group vitamins. According to 

Varela et ai., (1962), the biological value of squid proteins is 82 compared 

to 83.7 for octopus and 74.8 for shrimps. 

The muscles of squid mantle differ in structure from the muscles of 

fish and mammals (Sikorski and Kolodziejska, 1986). Several studies on the 

proximate composition of various marine species have also been done by 

several authors (Panchavamam et ai., 2003; Smuruthi et ai., 2003; Chand et 

ai., 2001; Pacheco-Aguilar et ai., 2000; Kher-un-Nisa et aI., 1995). 

2.2.2. Fractionation of protein 

There are many publications concerning muscle protein solubility in 

moderate ionic-strength saline solutions in the various myosystems. These 

studies are of interest in that many of the functional properties of fish 

muscle are related to the solubility of the constituent Proteins (Jimenez and 

Borderias, 1983; Hultin et al., 1995). 

The myofibrillar proteins of cephalopods are highly water soluble, 

unlike fish and mammalian proteins. Nearly 85% of the total protein in 

squid muscle could be solubilized with distilled water by exhaustive 

extraction with water (Matsumoto, 1958). Squid myosin is also reported to 

be more susceptible to trypsin and myosin ATPase and is reported to be 

more easily inactivated by heating than that of fish and mammals (Tsuchiya 

et ai., 1978). Tsuchiya et ai, (1977) has isolated and purified the squid actin 

of Todarodes pacificus. A detailed study on the solubility of rabbit muscle 

protein after various time temperature treatments was carried out by Paul et 

15 



Chapter 2 

aI., (1966). Kitabayashi et aI., (1954) and Matsumoto et aI., (1959) have 

compared the fraction of squid with other cephalopods in (Todarodes 

pacificus) proteins. 

Lakshmanan and Balachandran (2000) have made a comparative study 

of the protein fractions of frozen squid and cuttlefish. Reghunath (1984) has 

also carried out experiments on Loligo duvaucelii tubes to determine the rate 

and quantum of the leaching of WEN and NPN when stored in slush ice 

which showed a high content of water soluble nitrogen fraction The 

fractions of protein in various species_of squid were studied by Sikorski and 

Kolodziejska (1986). Tsuchiya et aI., (1978) has extracted and purified the 

squid myosin of Todarodes pacificus. Purity of each preparation obtained 

was checked by SDS polyacrylmide gel electrophoresis. The same author 

has worked on the physico-chemical properties of squid myosm. A 

characteristic feature of sarcoplasmic fraction is the high activity of 

proteases, reported in fresh unfrozen muscle, which brings about extensive 

degradation of the myofibrillar proteins during the course of fractionation. 

Horie et aI., (1975) and Iguchi et aI., (1981) has studied the fractionation of 

squid protein in various species. 

2.2.3. Bacteriology 

Seafood products pass through physical, chemical and bacteriological 

hazards at various areas of landing, transportation and processing. Most 

important of all these is the handling of the material by the workers, which 

directly influence the quality of the seafood by the contamination due to 

bacteria. Antony et aI., (2003) has studied the presence of sanitary 

significant bacteria like Escherichia coli, coagulase positive staphylococcus, 
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faecal streptococcus. and salmonella on Tuna-mas and mas based 

diversified convenience products. The presence of E- coli, which is 

considered as a faecal indicator organism, was studied in the deep-sea water 

fishes by Madhusudana Rao & Surendran (2003). Nazeem Beena et aI., 

(2002) has studied the growth of cross contaminating bacterial pathogens in 

fish muscle at different temperatures of storage of SaC, 20°C and 3SoC, to 

mimic the prevailing conditions in the retail fish markets. The samples at 

3SoC showed maximum growth of all the microorganisms. Sudha (2002) in 

her work, explained prevalence of Vibrio species in fish from pelagic and 

demersal habitats. Iyer (2000) has detected presence of various serotypes of 

salmonella from various seafoods in Cochin, Bombay and Calicut. Lilabati 

and Viswanath (1999) have studied the changes in the bacterial and fungal 

quality during storage of smoked Esomus danricus. Occurrence of Vibrio 

cholerae non-Of and their dispersion phenomena in the coastal waters of 

Mangalore was investigated by Sreeja and Raveendran (1999). The near

shore stations recorded comparatively higher incidence of these organisms, 

while in deep waters the occurrence showed a gradual decrease. Selvaraj 

(1991) has studied the microbiological quality of ascorbic acid treated 

Loligo duvaucelii before and after treatment. Shetty and Shetty (1990) 

studied the bacteriological changes of Sardinella longiceps during the 

chilled seawater storage. 

Fishing from polluted waters or washing in polluted coastal water are 

also responsible for bacterial contamination. Studies conducted in this respect 

showed that salmonella was present only in 1.86% of the samples from frozen 

cuttlefish (Varma et aI., 1985). Lakshmanan et aI., (1984) reported that 94% 

of the samples were free from salmonella. Lakshmanan et aI., (1993) detected 
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only 5.5% of salmonella in whole squid, 6% in process cuttlefish and nil in 

processed squid and whole cuttlefish. 

Studies conducted by Vanna et aI., (1985) and reported that all the 

samples of cuttlefish were free from Vibrio cho/erae. Lakshmanan et aI., 

(1993) observed in his study 11.1% of Vibrio cho/erae non-OJ in frozen 

whole squid, 23.8% in processed squid, 6.4% in whole cuttlefish and 13.6% 

in processed cuttlefish. All the samples were free from Vibrio cho/erae -OJ. 

Since water is used in large quantities during processing, it can be a major 

source of contamination of Vibrio cho/erae. (ICMSF 1978). 

The objectives of the present study are 

• to compare the protein content of various other cephalopods with 

selected species of squid. 

• to evaluate the nutritional significance of squid as a food item with 

reference to the other species of cephalopods. 

• to compare the extractability of various fractions of proteins of squid 

with other cephalopods. 

2.3.Materials and Methods 

Fresh samples of Loligo duvaucelli, Dorytheuthis sibogae, Sepia 

pharaonis and Octopus g/obosus, were caught from the offshore waters of 

Munambam for the study. The samples immediately after catch were 

transferred to clean insulated boxes and iced indirectly by separating the 

samples from ice by a thin layer of polythene sheet. The samples were 

transported to the processing laboratory where the treatment and processing 

of the samples were done. The chilled samples were skinned, cleaned and 
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taken in triplicate for the study. Samples were drawn for various analyses 

like moisture content, crude fat, ash content, crude protein and various 

fractions of protein. 

2.3.1. Determination of Moisture 

The moisture content was estimated by the method of AOAC (1990). 

The moisture content was determined by drying 10gms of the sample was 

dried at 103°C in thermostatically controlled hot air oven. The samples were 

taken in pre-weighed glass dish with cover and kept in oven till the weight 

become constant. The weight was checked for constant weight by repeatedly 

heating and then cooling the sample in a desicator. The percentage solid was 

determined from the above experiment by using the formula 

Percentage solid = 
Weight of dry sample x lOO 

Weight of wet sample 

The percentage moisture was calculated by subtracting solid weight % 

from lOO. 

2.3.2. Determination of Crude Fat 

Fat content of the moisture free sample was determined by extracting 

the fat by using a suitable solvent by soxhlet extraction method (AOAC 

1990). About 2 grams of the sample was accurately weighed into an 

extraction thimble, and was placed in the extractor. The extractor was 

connected to a pre-weighed dry receiving flask and a water condenser. 

Petroleum ether (B.P.40-60°C) was used as the solvent. The unit was heated 

over a water bath and the temperature was controlled at 40°C-60° C so that 

the solvent boiled continuously and siphoned 5 to 6 times per hour. 
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Extraction was continued till the solvent in the extractor became colourless 

and fat free. The solvent in the receiving flask was evaporated completely 

and weighed for fat content. 

Weight of fat 
Percentage offat = xl 00 

Weight of sample 

2.3.3. Determination of Ash Content 

Ash content was determined by the incineration of the sample (AOAC 

1990). 2 grams of sample was taken in a pre-weighed silica crucible and the 

sample was charred on low heat. Then it was then kept at 550°C in a muffle 

furnace to get a white ash, which was cooled in a decicator and weighed. 

Percentage of ash = 
Weight of ash x 100 

Weight of sample 

2.3.4. Determination of Crude Protein 

I gm of homogenized sample was used for determining the crude 

protein content using Micro Kjeldahl method (AOAC 1990). About 1 gram 

of sample was accurately weighed into a digestion tube. About 2gms of 

digestion mixture (CUS04 and K2S04 as a catalyst in the ratio 1 :8) and 10 

ml of concentrated H2S04 (AR) were added to the sample taken in a 

digestion tube. The samples were digested to a clear solution in a Kel Plus 

digestion unit. 50 ml of distilled water was added to the cooled tube slowly 

till no heat was generated on adding water. The solution was made up to 100 

m!. Pipetted out 5 ml of the prepared sample into Kjeldahl micro distillation 

apparatus. The bottom end of the condenser was fitted to a delivery tube, 

which was immersed in 10 ml of 2% boric acid solution with added 
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Tachiro's indicator. 40% NaOH was added to the sample in the distillation 

unit to make it alkaline. The ammonia thus produced on steam distillation 

was absorbed into the boric acid solution. The distillate collected was back 

titrated against standard N170 H2S04 using Tachiro's indicator and 

determined the nitrogen content. The nitrogen content thus obtained was 

multiplied by a factor 6.25 to obtain the crude protein content of the sample. 

% Protein = 
v x I x 100x 100 x 6.25 

5 x 5 x weight of the sample 

2.3.5. Fractionation of protein 

The protein of the muscle was fractionated by method of Paul et aI., 

(1966). A detailed scheme of the procedure is shown in Figure 2.1. The 

extraction scheme was based on separation into sarcoplasmic, myofibrillar 

and stroma fractions. The samples were disintegrated with a Virtis high

speed homogenizer in 50 ml of KC1- Borate buffer prepared according to 

Gomori (\955), with an ionic strength of 0.05 and pH 7.5, then centrifuged 

at 1200 X G for 10 minutes. The supematant was decanted, and the residue 

was extracted again with 35 ml of KCl ~ Borate buffer. The supematants 

from the two extractions were combined and made to volume; Aliquots 

were taken for determination of total sarcoplasmic nitrogen, and for the 

separation into nonprotein and protein nitrogen of fractions and by 

precipitation with 10 % trichloroacetic acid. The total nitrogen of this 

extract is designated as sarcoplasmic protein. The residue from the 

sarcoplasmic protein extraction was treated with KI- Borate buffer of ionic 

strength 0.6 and pH 7.5, to obtain the myofibrillar proteins. 
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Figure 2.1. 

SCHEME OF FRACTIONATION OF PROTEINS 
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Two extractions were made using 50ml and 35 ml of buffer solution 

followed by centrifugation at 1200 X G for 10 minutes. KI rather than KCI 

was used to minimize the gelation. Disintegration of the original sample, 

extraction and centrifugation in KCI and in KI solutions were carried out at 

ODC throughout the process, in order to minimize the denaturation of 

proteins. The residue after extraction of myofibrillar proteins in KI-borate 

buffer extraction was further extracted with 50ml and 20ml of O.IN NaOH 

at room temperature with gentle stirring to remove the denatured protein. 

The mixture with 50ml NaOH was kept at room temperature for 45 minutes 

before centrifugation and the second for thirty minutes. The residue from 

these extractions was designated as stroma fraction. All the above said 

extracts and TCA precipitated sarcoplasmic and stroma residues were 

analyzed for nitrogen content by micro Kjeldahl method. 

2.3.6. Bacteriological Analyses 

2.3.6.1. Total Plate Count 

Both Nutrient agar (NA) and TGBE agar (Tryptone glucose beef 

extract agar) were used to determine the total plate count (TPC). The 

samples for bacteriological analysis were taken in a sterile stainless steel 

dish containing about 10grns of the sample aseptically transferred Blended 

the sample with 90ml of sterile phosphate buffer. Acid washed sterile sand 

was used to make the slurry homogeneous. The resulting dilution was 

considered as 10-1 Prepared decimal dilutions by transferring Iml of 

inoculum into 9ml of buffer solution taken in test tubes. Poured Iml of 

inoculum from 10-4 and 10-5 to sterile petridishes. Pour about 20ml of TGBE 

agar and the plates were rotated slowly on a flat surface to ensure uniform 
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blending and the agar was allowed to solidify. Incubated the petridish at 

37±1 QC for 48 hours in the inverted position to prevent the condensation of 

moisture on the surface of the agar medium during incubation. The dilutions 

having 30 to 300 numbers of colonies were selected. TPC per gram as 

calculated using the formula 

C 
Number of colonies x reciprocal of the dilution 

TP per gram = ---------.!--------
Weight of the sample 

The sampling and the analysis of TPC were done by the method 

(APHA, 1998). The medium used was of Hi-media. The remaining portion 

of the inoculum at 10.1 dilution was used for isolation and identification of 

E.coli and staphylococcus aureus. 

2.3.6.2. Escherichia coli 

Escherichia coli was isolated from the homogenate using Turgitol 7 

agar (APHA, 1998). 0.5 ml was taken and streaked to the medium using a 

bend glass rod. The plates were incubated for 18-24 hours at 37°C and 

were observed for yellow, flat, smooth, circular, non-mucoid colonies with 

pin pointed pink center. The suspected colonies were taken for further 

confirmation tests. The suspected colonies from T7 agar was taken and 

inoculated to Mac-Conkey broth and incubated at 44 ± 1 QC. Indole test, 

Voges proskeur, Methyl red test, and citrate utilization tests were done. 

Number of E.coli per gram of the sample were calculated by the formula 

24 

Number of colonies on T7 x reciprocal of the dilution 

Weight of the sample x 0.5 
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2.3.6.3. Coagulase positive staphylococcus 

Coagulase positive staphylococcus culture was done in Baired Parker 

Agar (B.P) (APHA, 1998). The staph, a proteolytic bacteria utilizes the egg 

yolk protein and a clear zone was formed surrounding the colony. Due to 

the presence of potassium tellurite, black colonies appeared on the medium. 

Coagulase positive staph can coagulate rabbit blood plasma. The organism 

was confirmed only after the coagulase test. Number of bacteria per gram 

of the sample was calculated using the formula 

Number of colonies on BP x reciprocal of the dilution 

Weight of the sample x 0.5 

2.3.6.4. Salmonella 

Salmonella was pre-enriched using lactose broth following US FDA 

(1995) method. Taken 375g sample in 3750ml of lactose broth. It was kept 

for 24 hours at 37°C and the selective enrichment was done in two separate 

broths, selenite cystine broth, and tetra thionate broth. In SCB the selenite 

was reduced to selonium by salmonella and colon bacilli decreased in 

number during 8 to 12hrs and thereafter increased rapidly. But salmonella 

multiplied from zero hour onwards. The samples were taken between 6 and 

8 hours of incubation. In tetra thionate broth, salmonella reduced thionate to 

thionite and flourish while other faecal bacteria were inhibited. Further 

confirmatory test, like bio-chemical and serological test were carried out as 

per US FDA method (1995). 

2.3.6.5. Vibrio cholerae 

25g of sample was pre-enriched in 225ml of alkaline peptone water 

(APW) for 24 hours at 37°C. After incubation Iml sample was taken from 
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just below the surface, smce vibrio cholerae is micro aerophilic, and 

secondary enrichment was done in 9ml APW. This was incubated for 6-8 

hours at 37°C and was streaked on Thiosulphate citrate bile salt sucrose agar 

(TCBS). Further confirmatory tests were carried out as per US FDA 

method (1995). 

2.4.Results 

2.4.1. Proximate composition 

The proximate composition of the selected two species of squid and 

other cephalopods are given in the table 2.1. 

Table 2.1.Proximate composition of different species of cephalopods 

Species Moisture% Fat % Ash % Protein % 

Loligo 79.26 1.99 0.96 21.72 

Needle 81.27 2.01 0.99 20.32 

Octopus 77.25 1.2 0.9 17.49 

Sepia 78.21 2 0.7 17.3 

The needle squid showed the highest value for moisture content when 

compared to other species (81.27%). Loligo squid also had higher moisture 

content when compared with others (79.26%). The moisture content is 

higher in the case of needle when compared with loligo, which indirectly 

helps for the faster disintegration. The higher moisture content provides a 

strong substratum for the bacteria also. 

Ash content of all the samples taken, have almost same value 

throughout the study. The fat content and ash content showed no significant 

changes in the selected species, but the moisture content and the protein 

content varied considerably. Fat and ash content in all the species is 

comparatively less and less susceptible to oxidation changes. 
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Table 2.2.Total nitrogen content of different species 

of cephalopods during various months 

Loligo Needle Octopus 

October 3.48 3.25 2.80 
November 3.32 3.06 2.64 

December 3.15 3.00 2.54 

March 3.23 3.09 2.51 

April 3.40 3.23 2.55 

May 3.48 3.29 2.67 

August 3.23 3.11 2.64 

September 3.46 3.17 2.56 

Sepia 

2.77 

2.62 

2.56 

2.54 

2.64 

2.80 

2.61 

2.59 

In table 2.2 the total protein content of various cephalopod species 

during various months was given. Throughout the study, there were no 

much changes in protein content in all the cephalopod species. In the case of 

sepia and octopus protein content ranges from 17-18%, but in the case of 

squid it ranges from 18-22%, which clearly shows that the squid is rich in 

protein in all seasons. 

2.4.2. Fractions of Protein 

Table 2.3.Changes in the extractability of proteins 

expressed as % nitrogen 

%of %of %of 

Loligo 
protein 

Needle 
protem 

Sepia 
protein 

Octopus 
fraction fractiOn fraction 

%N on total %N on total %N on total %N 

N N N 
Total nitrogen 3.48 100.00 3.30 100.00 2.87 100.00 2.84 

Sarcoplasmic 1.84 52.97 2.21 66.97 1.15 40.00 1.10 

Myofibrillar 1.56 44.97 0.99 29.98 1.44 50.32 1.59 

Denatured 0.01 0040 0.02 0.50 0.25 8.72 0.14 

Stroma 0.07 2.00 0.07 2.00 0.03 1.03 0.02 

%of 
protein 
fraction 
on total 

N 
100.00 

38.70 

56.02 

4.81 

0.83 
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Table 2.3.1.Changes in the extractability of fractions of sarcoplasmic 

proteins expressed as % nitrogen 

% of protein % of protein % of protein % of protein 

Loligo 
fractions on fractions on 

Sepia 
fractions on fractions on 

total Needle% total total Octopus% total 
% sarcoplasmic sarcoplasmic 

% 
sarcoplasmic sarcoplasmic 

N N N N 

Total 1.84 100.00 2.21 100.00 1.15 100.00 1.10 100.00 

NPN 1.71 92.97 2.15 96.96 0.95 82.57 0.92 83.78 

PN 0.11 5.99 0.07 2.96 0.15 13.29 0.15 13.23 

NPN Non protein nitrogen 

PN Protein nitrogen 

Table 2.3 and Table 2.3.1 gIves the detailed picture of vanous 

fractions of proteins in various species. The sarcoplasmic protein, which 

was extracted by 0.05 M KCl borate buffer, contributed about 53% of the 

total proteins in loligo, 67% in needle squid, 40% in sepia and 38% in 

octopus. Myofibrillar proteins, which were extracted by 0.6 molar Kl borate 

buffer, contributed only 30%(needle) to 45%(\oligo) of the total protein 

content. Denatured protein contributed O.4(loligo) to 0.5%(needle) and 

stroma 2% to 3% in loligo and needle squid respectively. Protein nitrogen 

(PN) in loligo as per the fractionation method showed a very low content of 

about 6 to 7% only and non-protein nitrogen (NPN) contributed the rest (93-

94%) of the total sarcoplasmic fraction. But in the case of needle squid, PN 

contributed about 3% and the rest by NPN. NPN was found to be very high 

in the cephalopods, especially in squids. 
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2.4.3. Bacteriology 

Table 2.4. Microbiology of various species of Cephalopods 

TPC Ecoli staph Vibrio cholerae salmonella 

Squid loligo 1.87XIO' 185 300 nil nil 

Squid needle 2.03XIO' 225 325 nil nil 

Sepia I.78XIO' 175 310 nil nil 

Octopus 1.82XlO' 200 305 nil nil 

The different types of bacteria enumerated were E-coli, 

staphylococcus, vibrio cholerae and salmonella along with the Total Plate 

Count. The results are given in table 2.4. Irrespective of the species, TPC in 

the raw material seemed to be in higher range of 1.875X105
. E-coli also 

showed count ranging from 175-225 in all the species of cephalopods 

studied. Coagulase positive staphylococci were present in both the samples 

of squid, sepia and octopus. Salmonella and vibrio cholerae were absent in 

all the samples studied. 

2.5.Discussion 

Over the years, the efforts to establish proximate composition of fish 

have been partially successful, but many gaps in our knowledge still exist. 

Need for proximate composition of fish and other seafoods is currently 

greater than in the past because of its nutritional significance and the 

changes occurring in each chemical components during various stages of 

processing. The data regarding chemical composition of cephalopods is also 

vast, but information regarding a species of squid, Doryteuthis sibogae, 

which is scarcely utilized for consumption and in this study a comparative 

analysis is made with other species of cephalopods. The moisture content of 
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various species of cephalopods studied was in the range 75-84% (Suyama 

and Kobayashi, 1980, Tse-Kuei-Chiou, 2000, Lakshmanan & Balachandran, 

2000, Selvaraj, 1991, Jose Joseph et aI., 1977 and Lakshmanan et aI., 1993). 

The crude protein content varied from 17-22% in the cephalopod species 

studied with squids showing highest level. The work of Suyama and 

Kobayashi (1980) showed that the protein content of various species of 

cephalopods varied from 15-23% and moisture content had an inverse 

relationship with proteins. The work done on the mantle tissue of fresh 

Loligo duvaucelii in tropical waters also showed some variations of 17.5-

22% (Selvaraj, 1995, Jose Joseph et aI., 1988 and Raghunath, 1984). 

Studies of also confinned that the squid muscle has higher total nitrogen 

than white lean fish (Sujiyama, 1980). The variations in the value of protein 

in the same species observed by various workers might be due to the 

difference in handling, affecting the leaching rate of proteins. In this study 

no significant variations were observed in total nitrogen in the different 

cephalopods species during various months of the year. Kawada and 

Takaschi (1955) had a comparable result showing no significant changes in 

protein and moisture content of squid muscle (Todarodes pacificus) 

throughout the year. The fat content showed values of 2% and less than 2% 

among the cephalopods studied. The ash content showed the mineral content 

in the muscle, which varied from 0.7 to 0.99%. 

Although we correlate proximate composition to factors like 

geographical area or season of the year at which the fish is caught, the 

ultimate cause of the variation is due to the feed intake and other related 

factors such as metabolic efficiency of individual fish and the energy 

expenditure due to more or less active movement of the fish. The 
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cephalopods under study can be categorized to a group, with low oil content 

(under 5%) and high protein content (15-20%). Most of the food fishes are 

found in this category. 

2.5.1. Protein Solubility 

Proteins of fish muscle are divided into three classes based on their 

solubilities, water soluble, salt soluble and insoluble proteins. 77-85% of the 

total protein of squid is water-soluble and can extract more than 80% of the 

total protein by repeated washing (Matsumoto, 1958). According to 

Lakshmanan and Balachandran (2000) the myofibrillar protein content in 

cephalopod was 77-85% and the sarcoplasmic protein showed a value of 12-

20%. Sikorski and Kolodziejska (1985) and Kolodziejska et ai., (1987) have 

studied the composition of squid meat and characteristic features of squid 

protein with high protease activity and high solubility of myofibrillar 

proteins in water. There are also reports about the changes in the solubility 

of myofibrillar protein and collagen in squid, Loligo pealei (Otwell and 

Hamann, 1979). The rates of extractable protein nitrogen decrease were 

usually faster following pre-process holding (Connel and Howgate, 1971). 

The skinned products showed a greater loss of NPN owing to the leaching 

effect of these components during washing (Lakshmanan et aI., 1993). The 

work of Joseph et aI., (1977) arrived at a similar result showing decrease of 

non-protein nitrogen during washing. They also noticed that there was a 

high content of non-protein nitrogen in squid meat. The results also agree 

with the earlier findings of Japanese scientists (Borgstrom, 1965). Proper 

presentation of the squid mantle tissue can obtain good quality products 

with high nutritive value. 
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2.5.2. Bacteriology 

The quality of a seafood product mainly depends upon the number and 

type of microorganisms present. The toxic metals and pathogens in food 

items have great public health significance. The bacterial quality of 

cephalopods is shown in table 2.4. Enumeration of TPC is designed to 

provide an estimate of the total number of aerobic organisms in a particular 

food. It reflects the microbiological quality of the food and is useful for 

indicating the potential spoilage of the perishable food products. It is also an 

indicator of the sanitary conditions under which the food was produced and 

lor processed and also of the level of Good Manufacturing Practices (GMP) 

adopted during the processing. But in raw frozen food, uncontrolled 

destruction of the organism might have taken place during freezing which 

makes the above assumption baseless to a certain extent. Inspite of the 

above limitations, TPC can be taken as a valuable indicator of the 

effectiveness of any type of processing or chemical disinfections such as 

cooking, freezing and chlorination. Offshore waters do not contain E-coli, 

but natural water gets contaminated with E-coli either by direct contact or 

by mixing up with terrestrial sewage. The predominant aerobic bacterial 

flora of the large intestine of the human being and animals is composed of 

non-spore forming non-acid fast, Gram- negative bacteria. They exhibit 

general morphological and biochemical similarities and are grouped 

together in large and complex family of ~nterobacteriaceae. Members of 

the coliform, including faecal coliforms are referred to as indicator 

organisms, since their presence in certain numbers may indicate the 

potential presence of pathogens in foods. 
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Lakshmanan et aI., (1984) has studied the quality of fish landed at 

Cochin Fisheries Harbour. Of the total samples 8.5% were considered 

unacceptable based on TPC and 26.4% of the samples contained E-coli. The 

crushed ice and the platform had high bacterial load. In the study of 

Madhusoodana Rao and Surendran (2003) showed that the deep-sea fishes 

contained high count of E-coli and coliphages in the landing center samples, 

which was not due to the deep-sea fish or deep-sea waters but could be only 

from terrestrial sources. According to Nazeem Beena (2002) the 

temperature' abused contaminated fish could act as a potent vehicle of food 

borne infections in the country. From the above results and the references it 

was clear that the handling of any perishable item should be done very 

carefully to avoid health hazards. 

The studies conducted by Iyer et aI., (1986) on fresh water fish samples 

showed that 74.2% of the samples had E-coli less than the acceptable limit i.e. 

20/g. The studies by Varma et aI., (1985) have reported that 0.93% of frozen 

cuttle fish fillet had E-coli above the prescribed limit. The incidence of E-coli 

is mainly due to the external contamination during handling and processing 

(Liston, 1965 and Cann, 1977). 

The role of Staphylococcus aureus as a food poisoning organism is a 

useful indicator of personal hygiene in the process involving human 

handling (Cann, 1977; ICMSF, 1978; Liston, 1980; Hobbs, 1982). The 

organism can multiply vigorously and produce toxin at temperatures near 

and above room temperature (Iyer, 1986). According to Hobbs (1983) the 

presence of Staphylococcus aureus, even in small numbers is an excellent 

indicator of personal hygiene. 
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Salmonella finds its entry into the product during handling in 

preprocessing and processing. The best method to avoid contamination with 

salmonella is to implement strict sanitary measures during preprocessing 

and processing. 

2.6.Conclusion 

Squid was found to be a good source of protein when compared with 

other seafood items. The repeated washing resulted in the loss of proteins 

along with the other soluble substances, thus reducing the quality. The time 

in between the landing and the processing factory is found to be very 

crucial, since it directly reduces the quality of squid. Utmost care has to be 

taken to reduce the hazards. Thu~ practice of storing squid in slush ice, at 

any point from landing to processing area, does not lead to a decrease in the 

physical yield of the product, but rather an increase. But as the loss of 

proteins as well as NPN fraction could affect the organoleptic quality of 

squid in general, and squid's sweet taste in particular is linked to the NPN 

fraction. From the findings it is clear that the nutritive value of the squid is 

more susceptible to loss by leaching. In some particular circumstances even 

up to 80% of the squid protein can be extracted by repeated washing with 

water and seems to be more in skinned and processed squid. The leaching 

rate of needle squid was found to be much higher than that of loligo squid. 

This leads to a considerable loss of nutrients and higher rate of degradation 

in needle squid compared to loligo squid. Hence further studies are needed 

to reduce this nutritional loss and quality degradation. 
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Ice-storage 

3.1. Introduction 

Being a highly perishable item, squid must be preserved immediately 

after the harvest till it is ready for consumption. The main factors 

responsible for the spoilage at ambient temperatures are autolysis and 

bacterial spoilage. The rate and extend of the autolytic spoilage is 

considerably less than bacterial spoilage but, it plays a vital role in flavour 

development and the onset of bacterial spoilage. Two species of squid, 

Loligo duvaucelii and DOl)'teuthis sibogae, which dominate the squid 

landings in Kerala, are selected for the study. Due to the unique composition 

of squid muscle, it is prone to deterioration very easily. Careless handling, 

faulty processing or improper storage results in the quality deteriorations. 

The efficiency of the preservation methods depends on its ability to reduce 

the spoilage rate and thus increasing the shelf life and quality. The selection 

of a method for preservation depends on the nature and type of the product, 

economical viability of the method, intended use, adaptability and local 

tradition. In the case of squid, the handling immediately after harvest is of 

high priority because it determines, to a large extent, the quality at different 

stages of processing and the final product. 

Generally, the rates of autolytic and microbial spoilage are dependent 

upon the temperatures at which the squid is stored. Deteriorative processes 

are retarded at reduced temperatures and when the temperature is low 

enough, spoilage can almost be stopped. Normally, to keep the squid cool, 

packing in ice is used, since ice storage is the first and easy method of 

preservation to maintain the native quality of the squid. Keeping the squid 

cool, thus extends the high quality life (HQL) of the squid. Even though 

icing is the easiest and the most economical method of preservation, various 
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factors like quality of ice, method of icing, and the storage time can affect 

the results. In this study the quality differences in both the selected species 

of squid under different conditions of storage in ice, were compared to 

suggest a better storage technique to maintain the intrinsic quality of the raw 

material to the maximum. 

3.2. Review of literature 

Many authors have carried out several investigations on vanous 

aspects of storage of Loligo duavucelii, but no systematic study has been 

carried out till date on Dorytuethis sibogae. 

The chemical, physical and the bacteriological parameters of the 

industrial samples of squid (Loligo species) and cuttlefish (Sepia species) 

were studied by Lakshrnanan (1993). In the study of Joseph et aI., (1977), 

the quality of the squid tube (Loligo duavucelii) stored in ice has been 

studied in detail. Mathew et aI., (1999a) has investigated the distribution of 

non-protein nitrogenous extractives in the muscles of 41 species of marine 

fish of India including squid Loligo duavucelii. Sophia and Sherief (2003) 

have investigated the effect of treatments on the iced storage shelf life of 

cuttlefish (Sepia aculeate) fillets. In this, the changes in NPN and its 

fractions during iced storage and the effect of iced storage duration on 

frozen storage characteristics of cuttlefish fillets were studied. Paarup 

(2002) studied the sensory, chemical and bacteriological changes during ice 

storage of squid (Todaropsis eblanae). The effect of storage conditions on 

sensory properties, colour parameters and psychrotrophic bacterial counts of 

squid (Loligo plei) stored either in contact ice or in non-contact ice were 

studied by Lapa (2002). Civera (2000) has studied the chemical and 
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microbial characteristics of cephalopods. Sagedhal et aI., (1998) has 

investigated the post-mortem changes in adenosine triphosphate (ATP) and 

related compounds in the mantle of squid Illex argentinus. The factors 

involved in the evaluation of the freshness of the squid were also studied by 

Melaj et aI., (1998). The biological evaluation of sea squid found in Pakistan 

waters as a good source of protein was studied by Begum et aI., (1994). 

Yamasaki et aI., (1993) and Nishimura and Shinano (1992) have studied the 

effect of squid liver and Trimethylamine oxide on the squid product (Ika

shiokara) with respect to the micro flora and the chemical properties and the 

growth of inoculated Staphylococcus aureus. 

Various handling and processing methods for Atlantic short finned 

squid (Illex illecebrosus) were studied by Ke et aI., (199 I) including the 

effect of contact icing and non-contact icing on the quality of squid. Baldrati 

(1990) studied the handling, marketing and processing of cephalopods in 

Italy and the importance of cephalopods (cuttlefish, squid and octopus) in 

the Italian seafood market. Longer storage of squid tubes and cuttlefish fillet 

in ice resulted in a noticeable decrease in NPN value (Reghunath, 1984; 

Joseph et aI., 1977; and Joseph and Perigreen, 1988). Matsumotto, (1958) 

studied quality changes of squid when kept in contact with water and the 

decrease in PN content during washing. Tanikava et aI., (1954) observed 

mustiness in raw squid indicating the spoilage when TVN level exceeded 

30mg/100g tissue. 

There are extensive works carried out on iced storage characteristics 

of many tropical fishes of India (Nair et aI., 1971; Nair and Danny, 1975; 

Guptha and Govindan, 1975; Bandyopadhyay et aI., 1986; Joseph et aI., 

1988; and Sankar and Ramachandran, 2002). Nadia, (2002) investigated the 
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spoilage of mackerel during storage at ambient temperature and in ice. Jose 

and Reghunath (2002) studied the tissue proteinase activity of mackerel 

during iced storage. The biochemical and microbiological qualities of Labeo 

gonius stored in ice were studied by Lilabati and Viswanath (1999). The 

changes in K value and biogenic amines in Atlantic mackerel during iced 

storage were studied by Mathew (1999). 

The bacteriology ofloligo species was studied by Joseph et aI., (1997) 

and the presence of bacteria before and after the treatment with ascorbic 

acid on loligo duvaucelii was studied by Selvaraj (1991). Various authors 

have also studied bacteriology of other species like Indian oil sardine stored 

in a mixture of seawater and ice (Shetty et aI., 1992) and storage 

characteristics of catfish by Bhattacharyya and Chaudhuri (1990). 

3.3. Materials and Methods 

3.3.1. Experimental Design 

The samples of the two specIes of squid (Loligo duvaucelii and 

Doryteuthis sibogae) were collected from Munambam landing center as 

explained in Chapter 2. Collection was by random sampling of catch from 

the boat. The aseptically brought samples were segregated into three lots 

and separately iced. 

Method I-with GMP (Good Manufacturing Practices): In this flake ice 

was used in the ratio 2: I with material and the ice and melt water was 

changed daily. Utmost care was taken to maintain the temperature at O°C-

2°C. The insulated boxes used for the study were with smooth interior and 

not to harbour any contaminants. The plastic boxes were kept clean 

throughout the study and were covered finnly with their plastic lids. For one 
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sample two boxes were used during the study. On the second day of storage, 

the box was emptied and washed thoroughly using permissible detergents 

and disinfectants. The washed box was kept for drying for the whole day. 

During this period, the second box was used for icing. 

Method 2 -Without GMP In this, samples were kept in a clean box, 

having holes to drain the melt water off. In this sample block ice was used. 

Block ice was crushed in an ice crusher up to 2 to 3 inch size and this was 

used for icing the sample. Till the end of the study, the ice was not removed 

or replaced. Care was taken to maintain the temperature below SOC and to 

avoid stagnant melt water. 

Method 3 -With GMP, without direct contact with ice and water: In 

this, the direct contact of the squid tubes and the ice was prevented using a 

polythene cover. The method of icing was as in the Method I. Immense care 

was taken to avoid breakage of polythene cover and leaching out of the 

soluble components of the squid muscle. In all the methods, ice and squid 

were layered alternatively and the number of layers of samples was limited 

to three in order to avoid crushing of the lower layer. 

The three samples were kept in an area where the temperature was 

below 10°C. The samples were drawn daily for 8 days and tested for various 

biochemical parameters. The experiment was done in triplicate. The 

following parameters were analysed in both the species of squid with 

different storage methods. 

3.3.2. Proximate composition 

The analyses of moisture, protein, fat and ash were done as in 2.3. 
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3.3.3. pH 

109 of the muscle was macerated with 90 ml distilled water and the 

pH was determined using digital pH meter (pH-500) Cyber Scan. 

Temperatures of the storage media and the storage place were checked and 

recorded at every two hours interval. 

3.3.4. Total Volatile base nitrogen (TVBN) 

10gms of minced sample was weighed and ground well with 10% 

Trichloroacetic acid (TCA). The extraction was repeated 2-3 times and 

made up the volume of supernatant to 50ml. 

Total volatile base nitrogen (TVBN) was estimated usmg micro 

diffusion method of Conway (1962) using TCA extract of the sample. 

Pipetted out Iml of N/50 H2S04 into the inner chamber of the Conway 

diffusion apparatus. Fixed the ground glass cover of the unit in such a way 

that the inner chamber was completely covered and leaving a small portion 

of the outer chamber uncovered. Pipetted out Iml of TCA extract into the 

outer chamber and added Iml of saturated potassium carbonate solution. 

The cover glass was slid into position so that the entire unit was covered 

fully and ensured thorough mixing by rotating the unit. The entire unit was 

kept overnight at room temperature. Excess acid in the inner chamber was 

titrated against 1150 N NaOH using Tachiro's Indicator. A blank was also 

run simultaneously with! m! of TCA instead of muscle extract. 

TVBN 
0/ _ 0.28x(blank samplevalue)x50x!00 

as mg/o-
Weight of the Mantle tissue (g) 
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3.3.5. Trimethylamine Nitrogen (TMA-N) 
• 

The procedure for detennination of TMA-N was the same as that of 

TVBN except that in the outer chamber along with Iml ofTCA extract, Iml 

of fonnaldehyde (neutralized with CaCOJ ) was also added (Shewan 1971). 

The result was expressed as mg% of nitrogen 

TMA N 
01 f . _0._2_8 _x -'-(b_Iank __ s_am----'-p_Ie_v_a_Iu_e:...) x_5_0_x_1_0_0 

- as mg/o 0 mtrogen = 
Weight of the Mantle tissue (g) 

3.3.6. Alpha Amino Nitrogen 

Alpha amino nitrogen content of muscle in the TCA extract was 

detennined by iodometric titration of Pope & Stevens, (1939). 10 ml of 

TeA extract was taken in a 100 ml standard flask, added 1-2 drops of 

thymolphthalein indicator and then neutralized with alkali till a faint blue 

colour was obtained. After adding 30 ml of cupric phosphate complex it was 

made up to 100 ml using distilled water, shaken well and kept for 30 

minutes. Filtered the solution and 10 ml of the filtrate was pipetted out into 

a conical flask followed by 10 ml of glaciaI"acetic acid to make the solution 

acidic. It was then titrated against N/lOO Sodium thiosulphate (Na2S20J) 

using starch as indicator. 

The alpha amino nitrogen content was calculated using the following 

formula 

. . TV x 0.28 x 100 x 50x 100 
Alpha ammo mtrogen as (mg%) = -,----,-------,----------,---

10 xl ° x weight of the sample (g) 
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3.3.7. Fractions of Proteins 

Various fractions of proteins - sarcoplasmic, myofibrillar, denatured 

and stroma proteins were analysed using the method as explained in Chapter 

2 (Sub chapter 2.3). 

3.3.8. Sensory Evaluation 

Organoleptic parameters viz. colour, texture, odour and flavour of the 

samples were recorded in all the icing methods of both the species of squid. 

Trained panelists assessed these characteristics. Sensory tests and the degree 

of excellence were given by the hedonic scale (Herbert and Joel, 1985). The 

sensory score is the mean of all sensory characteristics. The sensory quality 

of the raw and cooked samples of squid and the criteria used in each case is 

given in Appendix C.O 

3.3.9. Bacteriology 

The microbiological parameters like TPC, E-coli. staphylococcus, 

salmonella and vibrio were enumerated as per the procedure in 2.3.6. 

3.3.10. Statistical tools 

For the comparison of parameters between species, between storage 

days and between methods (with GMP, without GMP and without direct 

contact.), three way ANOV A was employed. The mathematical model used 

for the purpose was as follows: 

Xijk = J.l + Ui + ~j + Yk + Eijk where X ijk is the value obtained on ith 

species using jth method of storage and k'h day of storage. J.l is the overall 
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effect and Ui is the effect of ith species, ~j is the effect of j'h method of 

storage and Y k is the effect ofkth day of storage. 

3.4. Results 

To compare the effect of various methods of icing, between species 

and the days of storage, the results were subjected to statistical analysis 

using "3 way anova"(Snedecor & Cochran 1980). Wherever days were 

found to be significant, the LSD was worked out and the mean was 

separated. 

3.4.1. Proximate composition 

Appendix C.I gives ANOVA table for moisture content of both the 

species of squid during ice storage. There was significant difference in 

moisture content, between species, between methods of icing and between 

days of storage. Between species, there was a significant difference and 

needle showed a significantly lower value than loligo (p< 0.001). There was 

significant difference between the species, and the squid kept under all the 

methods showed a gradual increase in moisture content. The rate of increase 

in the moisture content of loligo squid kept without direct contact with ice 

and water, under ideal condition with GMP and under conventional method 

without GMP, has shown an increase of 1.08%, 3.18% and 4.59% 

respectively and for needle the values were 0.68%, 1.68% and 3.3% 

respectively. In the loligo squid the rate of increase in moisture content was 

higher than needle squid. The samples without direct contact could maintain 

its native quality standards till the end of 8th day of storage. The moisture 

percentage in needle squid kept under ideal conditions showed 80.43 ± 1.07, 
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in samples without GMP 81.28 ± 1.73 and without direct contact with ice 

and water 78.96 ± 0.38, but in loligo with GMP 79.55 ± 1.39, 77.66 ± 0.23 

without direct contact with ice and without GMP 79.52 ± 1.24. 

Appendix C.2. shows the ANOVA table for changes in fat content of 

both the species of squid during ice storage. The fat content of loligo 

sample, with GMP showed a decrease from 2.17% to 1.82%, without GMP 

showed significantly higher loss of fat during the storage period (2.2% to 

2.0%) and in samples with non-contact ice showed a significantly lower 

value than other methods (2.2%-2.17%). All the values were significant at 

5% level. 

Appendix C.3. shows ANOVA of the changes in ash content of both 

the species of ice-stored squid. Ash content showed a significant difference 

between species, methods of icing and days of storage (p<O.OOI). Ash also 

showed a decrease of 1.5% to 1.12% in loligo and 1.50% to 0.5% in needle, 

for samples without GMP. The samples with GMP showed a decrease of 

1.6%-0.9% (needle) and 1.56%-1.34% (ioligo). The samples with non

contact ice showed a significantly lower loss of minerals during storage 

(1.55%-1.43% in loligo) and (1.37%-1.12% in needle). Between species, the 

needle squid showed a significantly lower value in the loss of fat and 

minerals during ice storage than loligo. Since fat and ash play a very 

insignificant role in determining the quality of squid, the study of fat and 

ash has been avoided in the rest of the work. 
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Table 3.1. Changes of total protein during ice storage (%) 
, 
! Loligo Needle 

Days !with GMP w/oGMP w/oDC withGMP w/oGMP w/o DC 

I 20.9 20.84 20.87 21.2 20.95 21 

2 18.5 16.42 20.54 17.58 16.54 20.45 

3 17.2 14.98 20.2 16.45 14.22 19.84 

4 16.42 14.02 19.8 15.84 12.8 19.46 

5 15.7 13.24 19.5 15.02 11.4 18.96 

6 15.1 12.55 19.1 14.52 10.9 18.42 

7 14.8 11.85 18.5 13.54 10.01 17.24 

8 14.2 
1 

11.2 17.5 11.2 8.5 16.54 

wlo GMP- wIthout GMP, wlo DC-wIthout direct contact with Ice and water 

3.4.2. Changes in total protein content 

The results showed that there was a great loss of protein in processed 

squid of both the species during ice storage (Table 3.1.). The protein content 

showed a significant difference between species, methods of icing, and the 

days of storage in ice (p< 0.001). The F value for protein loss during ice 

storage in species, methods, and the days were 6.9, 87.95 and 26.3 

respectively, having degrees of freedom (1,37), (2,37) and (7,37). Appendix 

C.4. shows ANOV A for changes in protein during ice storage. Among the 

species, needle squid showed a significantly higher protein loss than in 

loligo. Between methods, without direct contact with ice showed a very low 

protein loss and without GMP showed significantly higher value of protein 

leaching. Among days, day I showed a significantly higher protein content 

than the rest of the day and day 8 showed the least protein content. 
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The protein loss was significant in 8th day when compared with 1 st, 

2nd, and 3'd day of storage. There was no significant difference in 4th to 8th 

day of storage. 

The samples of loligo had an average loss of 32.05%, 46.25% and 

17.45% of total protein in samples with GMP, without GMP and without 

direct contact respectively. Repeated extraction of squid mantle muscle with 

water resulted in an increase in the amount of protein dissolution, in contrast 

to fish muscle, with more than 50% of total protein extracted in many cases. 

The needle squid kept under icing with GMP, without GMP and without 

direct contact had an average loss of 47.16%,59.42% and 21.9% of protein 

respectively. 

3.4.3. Total volatile bases 

3.4.3.1. Total volatile base nitrogen 

Figure 3.1. and 3.2. show the changes of TVBN of both the species 

during ice storage by the three methods of loligo and needle squid 

respectively. 
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Figure 3.l.Changes in TVBN in loJigo squid during ice storage 
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Figure 3.2. Changes in TVBN of Doryteathis sihogae during ice storage 

Appendix C.5. gives ANOV A of changes of TVN values during iced 

storage. There was no significant difference between species. There was 

significant difference between methods (p < 0.001), and days of storage (p < 

0.001). Between methods, icing without GMP showed significantly higher 

value than the other two methods. The samples without direct contact 

showed a significantly lower value. Between days, significantly higher 

values were observed on 8th day of storage. There was no significant 

difference between 7th and 8th day. Both the species of squid showed 

significantly lower value on 1st and 2nd day of storage. The F values were 

2.9, 37.82, and 10.64 between species, between methods, and between days 

of storage respectively. 

According to Woyewoda and Ke (1980) the samples exceeding TVN 

value of 30mg per lOOg was not acceptable. In loligo without GMP, TVN 

crossed 30 mg % on 4th day of storage. But with GMP, it exceeded the value 

only on the 8th day of storage. The samples without direct contact with ice 

did not exceed the limit till 8th day of storage. In the case of needle squid, 
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TVN reached 30mg on 3rd day in the sample without GMP. It attained 30mg 

only on 6th day when GMP was followed. Samples without direct contact 

with ice remained within the limit of TVBN till 8th day of storage. 

3.4.3.2. Trimethylamine Nitrogen (TMA N) 
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The changes in TMA content during ice storage by three methods in 

loligo and needle squid are given in Figure 3.3. and 3.4. respectively. 

Appendix C.6. gives the ANOV A of TMA in all the three methods of 

ice storage. There was significant difference between species (p < 0.01), 

between methods of icing (p <0.001) and between days (p < 0.001). Among 

species needle squid showed significantly higher value than loligo squid. 

Among methods, without GMP gave a significantly higher value and 

without direct contact with ice a lower value. 8th day of storage showed 

significantly higher value when compared to 1 to 6 days. Highly significant 

lower value was observed in without direct contact with ice. The samples 

exceeding 3 to lOmg of TMA per lOOg of sample is the limit of 

acceptability (Woyewoda and Ke, 1980). In loligo kept without GMP, TMA 

crossed the limit of 10mg% and became non acceptable on the 3'd day of 

storage, with GMP on 6th day of storage and without direct contact on 8th 

day of storage. 

But in needle squid, the rate of increase in TMA was more than that in 

loligo, the values exceeding the acceptable level on 2nd, 5th and 7'h day of ice 

storage without GMP, with GMP and without direct contact with ice 

respectively. 
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3.4.4. Alpha amino nitrogen 
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Figure 3.5 and 3.6 shows the gradual decrease in alpha amino nitrogen 

III loligo and needle squid respectively under different methods of ice 

storage. The leaching of alpha amino nitrogen was not significant at 5% 

level between days of storage and species (Appendix C.7). In the case of 

samples without direct contact, a steady increase in alpha amino nitrogen 

was observed during the storage period, retaining the sweet taste till the end 

of storage. But in the case of samples with direct contact, the alpha amino 

nitrogen reduced continuously and attained a very low level. There was a 
• 

significant difference between days of storage, (p < 0.001). The value of 

retained alpha amino nitrogen in the muscle showed a significant lower 

value in samples without GMP. The leaching rate of alpha amino nitrogen in 

needle squid was higher than that in loligo. 

3.4.5. Fractions of Proteins 

Table 3.2. gives the changes in sarcoplasmic proteins during storage 

of both the species of squid in ice. According to the study, the percentage 

of sarcoplasmic protein fractions retained in the muscle tissue were 61 %, 

54% and 65% in samples with GMP, without GMP and without direct 

contact respectively. 

3.4.5.1. Sarcoplasmic proteins 

TABLE 3.2.Changes in sarcoplasmic proteins during ice storage (%) 

Loligo Needle squid 
Days withGMP w/oGMP w/oDC withGMP w/oGMP w/oDC 

I 12.88 11.2 13.6 11.45 10.4 12.8 
2 11.5 10.1 13 10.61 8.2 12.4 
3 11.1 9.6 12.7 9.82 6.7 11.6 
4 10.2 8.4 12.4 8.7 6.1 11.2 
5 9.6 I 7.2 12 8.1 5.8 10.8 
6 9.2 6.2 11.7 7.6 5.2 10.3 
7 8.7 5.4 11.4 7.01 4.7 9.9 
8 7.5 5 11 6.6 4.3 9.4 
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There was significant difference between species, methods of icing 

and the days of storage (Appendix C.S.). In species, loligo showed a 

significantly higher value of protein content in the muscle than in needle 

tissue. Leaching rate of sarcoplasmic protein showed a higher value in 

samples without GMP. Among days, 1st day showed a higher protein 

content in the tissue than all other days. There was significant decrease in 

protein content from 1 to 6 days but on 7th and Sth day there was no 

significant di fference. 

3.4.5.2. Myofibrillar proteins 

Table 3.3. gives the leaching rate of myofibrillar proteins during 

various methods of icing. 

TABLE 3.3. Changes in myofibrillar proteins during ice storage (%) 

Loligo Needle I 
Days with GMP w/oGMP w/o DC with GMP w/oGMP w/o DC i 

1 8.6 8.3 9 9.3 9.04 9.5 I 

2 7.8 7.7 8.6 8.7 8.5 9.2 

3 7.2 7 7.8 8.3 8 9 

4 6.9 6.7 7.4 7.8 7.5 8.8 

5 6.3 6.1 7 7.4 7.2 8.5 

6 5.8 5.65 6.8 7.1 6.8 8.3 
! 

7 5.2 5 6.6 6.7 6.5 8 I 
I 

8 5 4.8 6.4 6.4 6 7.5 
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Minimum loss was found in sample without direct contact with ice or 

water. Maximum loss was reported in samples without GMP. Appendix 

C.9.gives ANOV A for myofibrillar protein during ice storage. There was 

significant difference between species, between methods and between days 

(p<0.001 for all). Needle squid showed higher value than loligo and the 

myofibrillar protein content in samples kept without GMP showed 

significantly lower value than the other two methods. 

3.4.5.3. Denatured proteins 

Table 3.4. shows the variation in denatured protein during ice storage. 

Needle showed a higher degree of denaturation when compared to loligo. 

Degree of denaturation was much higher in samples without GMP. When 

compared with other two methods, the samples without direct contact 

showed lowest degree of denaturation. There was significant difference 

between all the methods and between days (Appendix C.I 0). 

TABLE 3.4. Changes in denatured protein during ice storage (%) 

Loligo Needle 

Days withGMP w/oGMP w/oDC withGMP w/oGMP w/oDC 

1 0.07 0.07 0.07 0.08 0.07 0.08 

2 0.09 0.13 0.08 0.1 0.15 0.1 

3 0.1 0.18 0.09 0.13 0.2 0.13 

4 0.12 0.2 0.1 0.15 0.25 0.15 

5 0.14 0.24 0.12 0.19 0.28 0.17 

6 0.15 0.28 0.13 0.2 0.32 0.19 

7 0.18 0.3 0.15 0.24 0.35 0.2 

8 0.2 0.34 0.17 0.27 0.37 0.23 
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3.4.5.4. Stroma proteins 

TABLE 3.5. Changes in stroma protein during ice storage (%) 

Loligo Needle 

Days withGMP w/oGMP w/oDC withGMP w/oGMP w/oDC 

I 1.1 I I 0.97 0.95 0.93 

2 1.02 0.97 0.96 0.92 0.9 0.9 

3 0.97 0.92 0.93 0.9 0.86 0.87 

4 0.95 0.9 0.92 0.87 0.82 0.83 

5 0.9 0.88 0.9 0.83 0.8 0.8 

6 0.87 0.86 0.87 0.8 0.78 0.76 

7 0.8 0.82 0.85 0.77 0.75 0.74 I 

8 0.75 0.74 0.8 0.71 0.7 0.7 

Table 3.5 gives a detailed picture of stroma protein fraction during ice 

storage 

Loligo showed a lesser leaching rate of stroma while needle exhibited 

higher leaching rate. Appendix C.11.shows the ANOV A for stroma protein 

content during ice storage. There was a significant difference between 

species, between methods and between days (p<O.OOI). 

3.4.6. Physical and organoleptic Characters 

Samples kept under ideal conditions retained the native pH of the 

fresh tissue up to Sth day of storage where there was a slight increase (Table 

3.6). The samples kept with GMP and without direct contact showed a slight 

increase in pH of both the species (6.2 to 6.S and 6.2 to 6.7). The samples 

without direct contact with ice showed a superior organoleptic quality when 

compared with other two methods in both the species. Organoleptically the 
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samples of both the species were acceptable up to 6th day, which were kept 

under proper GMP, while the samples without GMP were rejected after two 

days of storage. The samples without direct contact with ice showed an 

acceptable standards till the end of the storage. Samples without GMP 

showed a higher rate of increase in pH with the storage days in both the 

species. They also showed an inferior sensory score, reaching the rejection 

level by the 3'd day of storage. In all the methods pH did not correlate 

significantly with sensory score. 

Table 3.6. Changes in pH and Organoleptic score during ice-storage 

Storage NEEDLE 

period withGMP w/oGMP w/oDC 

Days pH score pH score pH score 
1 6.2 7 6.2 7 6.2 7.5 

2 6.3 7 6.5 5 6.2 7.5 

3 6.3 7 7 4 6.3 7 

4 6.4 6 7.1 3 6.3 7 

5 6.5 5 7.3 2 6.5 7 

6 6.5 5 7.5 2 6.5 6.5 

7 6.6 5 7.8 2 6.7 6.5 

8 6.8 4 8 1 6.7 6 

LOLIGO 

withGMP w/oGMP w/oDC 

Days pH score pH score pH score 

1 6.2 7 6.2 7 6.2 8 

2 6.2 7 6.3 6 6.2 8 

3 6.3 7 6.5 5 6.2 7.5 

4 6.3 6.5 6.8 4 6.3 7.5 

5 6.4 6 6.9 3 6.3 7.5 

6 6.5 6 7.1 3 6.3 7 

7 6.5 6 7.3 2 6.4 7 

8 6.6 5 7.4 2 6.5 7 
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3.4.7. Bacteriology 

Table 3.7. Changes in TPC during ice storage (counts/g) 

LOLIGO NEEDLE 

Days w/oGMP wGMP W/oDc w/oGMP wGMP W/oDc 

I 6.67 x 10 5 4.21 X 104 3.5 X 104 5.3x10 5 2.85 X 104 3.57 X 104 

2 1.76 x 10 5 2.2 X 104 2.28 X 104 1.85 x 10 5 1.85 X 104 1.97 X 104 

3 1.82 x 10 5 2.25 X 104 2.3 X 104 2.02 x 10 5 2 X 104 2.05 X 104 

4 1.85 x 10 5 2.38 X 104 2.45 X 104 2.22 x 10 5 2.15 X 104 2.20 X 104 

5 1.90 x 10 5 2.42 x 104 2.62 X 104 2.28 x 10 5 2.31 X 104 2.35 X 104 

6 2.02 x 10 5 2.22 X 104 2.85 X 104 2.29 x 10 5 2.41 X 104 2.46 X 104 

7 2.13 x 10 5 2.58 X 104 2.93 X 104 2.35x10 5 2.48 X 104 2.65 X 104 

8 2.22 x 10 5 2.62 X 104 3 X 104 2.46 x 10 5 2.75 x 104 2.79x 104 

9 2.25 x 10 5 2.65 X 104 3.2 X 104 2.50 x 10 5 2.86 X 104 2.9 X 104 

10 2.28x10 5 2.75 X 104 3.25 X 104 2.68 x 10 5 2.97 X 104 3 X 104 

I I 2.29 x 10 5 2.80 X 104 3.37 X 104 2.89 x 10 5 3.08 X 104 3.2 X 104 

12 2.3x10 5 2.95 x 104 3.42 X 104 2.99x105 3.28x 104 3.29 x 104 

13 2.55 x 10 5 3 X 104 3.5 X 104 3.4x 10 5 3.34 x 104 3.39 x 104 

The analysis of vanance of total bacterial count (TPC) after 

conversion to the logarithmic values showed no significant difference 

between species. TPC was assessed up to 13 days (Table 3.7). But between 

days and the methods there were significant differences (p < 0.001). Among 

the methods the icing without GMP showed significantly higher growth rate 

than the other two methods. The method with GMP showed a lower growth 

than the other two. There was a reduction of TPC in the first two days and 

then the number gradually increased with storage days (Appendix C.12). 

The sanitary significant bacteria like E.coli and Staphylococcus showed a 
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higher rate of growth in the samples without GMP irrespective of species. 

Throughout the study salmonella and vibrio were not detected in the 

samples. There was no significant difference between samples with GMP or 

without GMP in the growth of Staphylococcus in needle (t = 1.043, df = 7). 

But in loligo there was a significant difference between the methods in the 

growth of Staphylococcus (t = 4.686, df = 7, P < 0.01). Without direct 

contact with ice showed no significant growth of E-coli and Staphylococcus, 

since there is no direct contact with ice and water. The number of colonies 

remains almost same till the end of the storage. 

3.5. Discussion 

Chemical and physical qualities play vital role in grooming the quality 

of a product. Since the spoilage of squid starts immediately after the death 

which largely dependent on the temperature conditions, the sooner the squid 

can be cooled the better will be the quality and shelf life. In ice storage, it is 

not only enough that there is sufficient quantity of ice to preserve the squid, 

but the effectiveness of icing depends on how well the ice is dispersed 

among the squid. The smaller the size of ice, the greater will be the contact 

between fish and ice. The rate of heat removal depends on the contact area. 

Flake ice avoids damaging the squid. The large pieces exerts point forces 

thereby causing damage which in turn increase the rate of leaching of 

protein in crushed ice. The major advantage of using ice for chilling fish is 

that it has a high latent heat of fusion, which can remove large amount of 

heat as it melts, without changing the temperature at 0° C. During transition 

from ice to water, 1 kg of ice absorbs 80 kcal of heat and this will be 

sufficient to cool about 3 kg of fish from 30°C to O°C. Hence theoretically, 

ice about 30% of sample weight can bring down the temperature of the 
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sample from ambient conditions to OnC. But lot of other factors like 

surrounding temperature, type of box used for icing, length of time fish need 

to be kept chilled, thickness of the fish etc., have to be taken into 

consideration in calculating the amount of ice needed to chill fish. Hence in 

tropical conditions 1:2 fish to ice ratio is ideal for ice storage. 

Dressed squid mantles in seafood industry are stored in crushed ice 

and its meltwater, in non-perforated containers prior to freezing. It has been 

observed that the melt water becomes turbid and white mainly due to the 

leaching ofNPN and soluble protein from the squid. 

The changes in the moisture content in packed and unpacked samples 

of Chanos chanos stored in ice for 25 days were studied by Subrata and 

Irnam (1985). The moisture content of unpacked sample showed a slight 

decrease up to three days of ice storage and then a gradual increase till 191h 

day after which there was a fall. In the case of packed sample, without direct 

contact, with ice, showed a gradual decrease in the moisture throughout the 

storage period. According to Joseph et aI., (1977) the moisture content 

showed a gradual increase during the ice storage of squid tubes. Moisture 

content of the Loligo duvaucelii tubes increased from 78.33% to 83.08% at 

the end of81h hour of ice storage (Reghunath, 1984). The present study also 

shows a similar trend. The gradual rise in moisture in samples stored in 

direct contact with ice is due to the absorption of ice meltwater by the 

muscle. But studies with prawn stored in ice showed a weight increase in 

the 1 sI two days without loss of nutrients, but by prolonging the storage 

period both solids and water were lost resulting in gradual decrease in 

weight (Mathen and Thomas, 1988). The moisture content in needle squid 

reached a difference of 1.68% under ideal conditions. But in the 
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conventional method, the difference of moisture content reached 3.3% while 

in samples with non-contact ice showed only an increase of 0.68%. Joseph 

et aI., (1977) have studied the quality of the squid tube stored in ice and 

found that ice stored tubes were not acceptable after 5 days. 

The total nitrogen also reduced considerably on the 5th and 6th day. 

According to Matsumotto, (1978) 77 to 85% of the total protein of the squid 

is water-soluble. Similarly, the non-protein nitrogen also showed a sharp 

decrease when stored in ice. It was noticed that the squid meat contained 

high percentage of NPN (Joseph et aI., 1977) and Brongstrong, 1965). 

Matsumoto (1958) has also reported high myosin fraction in squid protein. 

The average value of WEN and NPN were higher in whole squid and 

cuttlefish (Lakshmanan, 1993). There was a great loss of WEN and NPN in 

skinned product owing to the leaching effect of this component. Skin acts as 

a barrier, which prevents the leaching effect to a greater extent. Raghunath 

(1984) observed that WEN and NPN reduced considerably in squid mantles 

stored in crushed ice and meltwater after 8 hours. These results are 

comparable with this study. In this study the percentage of sarcoplasmic 

protein fractions retained in the muscle tissue were 61 %, 54% and 65% in 

samples with GMP, without GMP and without direct contact respectively. 

According to Lapa (2002), the non-contact ice-storage offers no 

benefits over contact ice-storage in terms of preserving squid quality. But 

other studies showed that squid kept in contact icing were decolourised in 

less than 12 hours and could not be considered acceptable for food for more 

than two days, but non-contact ice stored squid could hold the freshness for 

a longer time (Ke, 1991). A considerable loss of dry matter in squid due to 

leaching on contact with water has also been reported by Berg (1974). In 
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this study, it was noticed that the non-contact ice stored squid showed a 

better quality when compared with the other methods of icing. Water 

extractable nitrogen, NPN and alpha amino nitrogen gradually decreased 

and squid lost their characteristic sweetness and finally became bland in 

taste (Lakshmanan et aI., 1993). Tanikava et aI., (1954) observed mustiness 

in raw squid, which indicated the spoilage when TVN reached 30mg/100g. 

Lakshmanan et aI., (1993) have stated that samples exceeding TMA value of 

5mg/100gm lost their culinary characteristics. In loligo without GMP, TVN 

exceeded 30 mg % on 4th day of storage while storage with GMP and 

without direct contact TVN remained within the limit even up to 8 days of 

storage. Almost a similar trend was shown in needle squid also. 

Alpha amino nitrogen content of squid tubes stored in ice showed a 

very low value after two days of ice storage, while total volatile base 

nitrogen content showed a gradual increase (Joseph et aI., 1977). 

Comparable results were obtained in this study and it is concluded that the 

squid mantle cannot be stored in ice after six days even with GMP. The 

changes in TVBN and alpha amino nitrogen showed a gradual increase in 

iced stored fish species were also reported by Bandyopadhyay (1986) and 

Sankar and Nair (1988). 

From organoleptic evaluation, it is observed that the icing without 

direct contact was always more acceptable than the one with direct contact 

with ice even up to 8 days of storage. The flavour was better in the former 

one, as leaching of flavour compounds was minimum. At any particular 

stage of storage, the texture and colour were also more acceptable in the 

case of samples with GMP and without direct contact with ice. The samples 

kept with GMP and without direct contact showed a slight increase in pH in 
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both the species (6.2 to 6.8 and 6.2 to 6.7). But the samples without direct 

contact with ice showed a superior organoleptic quality when compared 

with other two methods in both the species. It is suggested that the spoilage 

of iced squid is likely to result from a combination of autolytic and bacterial 

changes. TPC increased with increasing ice storage time and decreased the 

quality of cephalopods (Civera, 2000). Shewanella putrefaciens, 

Pseudoalteromonas sp and Pseudomonas sp dominated in spoiled gutted 

squid (Paarup, 2002). There was an initial reduction in TPC, which later 

increased and eventually surpassed the original counts. Initial reduction in 

TPe was due to leaching and cold shock after which psychrophiles 

dominated (Bandyopadhyay, 1986; Joseph et ai., 1977). In a study of icing 

of both packed and unpacked samples of Chanos chanos, initially a definite 

decrease in TPC was observed due to sudden chilling effect of ice on 

bacteria. This increased very slowly up to 17th day and then growth became 

faster up to 21 days of ice storage (Subrata, 1985). From 4th to 13 th day, a 

steady increase in bacterial load was seen. There was a significant leaching 

effect of ice meltwater on bacterial population. 

3.6. Conclusion 

In a developing tropical country like India, where distribution of 

frozen fish in domestic market is not popular due to lack of cold chain 

facility, short term preservation of fish by icing has gained importance. 

Average consumers prefer fresh fish to iced fish even if both show the same 

degree of spoilage. This is probably due to the leaching of components 

responsible for good organoleptic characteristics, along with some 

undesirable components of spoilage. The extent of leaching during iced 

storage of different species of squid and its effect on overall quality has 
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been studied in detail. Needle squid were more susceptible to spoilage than 

loligo and leaching rate was also found to be more in the case of needle 

squid. Hence it is recommended to avoid direct contact with ice when 

transported from landing centers to the processing units and while storing in 

ice. Needle squid should be handled more carefully from the point of 

catching till the final stage of processing, since the post-mortem changes 

were much faster than in loligo. Ice storage is not advisable after 6th day 

even where GMP is followed. The samples with GMP and without direct 

contact with ice were acceptable till 8th day of storage in both the species of 

squid. The chemical indices as well as organoleptic score showed 

favourable results in samples without direct contact with ice. Alpha amino 

nitrogen, which contributes to the sweet flavour of meat, was retained in this 

method of icing, while in the other two methods, the alpha amino nitrogen 

as well as WEN were lost and a bland taste was obtained. Finely crushed 

block ice or flake ice should be used and layering of ice and squid is 

preferably done in flat boxes. Extended contact with ice and melt water 

should be avoided. The method recommended to the fishermen is to ice 

squid without direct contact with ice by using an intervening plastic sheet. 

Thus under similar conditions of icing (with GMP), storage of squid without 

direct contact with ice and melt water will have longer shelf life and give 

more acceptable product than those stored directly in ice. 
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Effect of Super Cooling 

4.1. Introduction 

Two major factors, temperature and sanitation have been identified 

important in the post harvest extension of shelf life of fresh fish. The 

objective of chilling is to cool the fish as quickly as possible, to as Iowa 

temperature as possible without freezing. Chilling cannot prevent the 

spoilage fully but in general, the colder the fish, the greater will be the 

reduction in bacterial and enzymatic activity. Many people have their own 

names for chilling as, refrigeration process, such as super chilling, super 

cooling, light freezing, partial freezing etc. Por this study, the process is 

called super cooling and considered as the refrigeration of fish by which the 

muscle tissue temperature is brought down to -1 to -3°C. (30.2 to 26.6°P). 

For chilling the fish to this temperature the media temperature was 

maintained at -6°C throughout the experiment. By cooling the fish to -I to -

3° C approximately half of the unbound water present in the fish gets 

converted to solid phase. Super cooling is a condition attained by a liquid 

where its temperature is lowered below the freezing point without 

crystallization. When the temperature of a biological system is reduced to 

subzero level, the solution first supercools before solute starts crystallizing. 

Super cooling, in general, need not impair the quality of fish. As the 

temperature is lowered to the critical level, nucleation begins and thereafter 

any further decrease in the temperature will result in abrupt increase in rate 

of crystallization. Protein denaturation can take place, which is influenced 

by the temperature; concentration of enzymes and other compounds in the 

fish is also possible. The objective of the present work is to study the 

effectiveness of super cooling for retention of acceptable quality during 
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various stages of processing in two species of squid Loligo duvaucelii and 

Doryteuthis sibogae. 

4.2.Review of Literature 

Many people have worked on changes of muscle tissue occurred 

during super cooling or chilling. An early reference concerning interest of 

the Industry on the commercial use of super chill temperatures for fish 

storage, appeared in the Trade Journal fishing Gazette, (1935). Ranken 

(1963) mentioned briefly about a system developed in Portugal to hold fish 

aboard a fishing vessel at temperature _1°C. Scarlette (1965) reported about 

the patented refrigerative system in which the fish was kept at -I to -3°C 

and the quality changes of fish during a storage period of 21 days. Torry 

Research Station and White Fish Authority have been the leaders in the 

studies on super chilled fish (Anon., 1964; Merritt, 1965; Merritt et aI., 

1966; White fish authority, 1964; 1965). They found that regular bulk 

storage of cod in melting ice gave a storage time of seven days. Studies 

were also conducted by Federal Research Center for Food Preservation, 

Karlsruhe, to determine the capability of super chilling process on North 

Atlantic fish under North Atlantic conditions (Partmann, 1965). He 

recommended that the super chilled process should be operated at 

temperatures just above the onset of freezing. The effect of super chilling on 

gutted cod was studied by the Power and Morton (1965), in which 

temperature ranged from _1°C to -4°C. Two methods of storage like plain 

refrigerated air and ice with refrigeration were tried in this study. All the 

chemical and physical properties of the fish were studied in detail in this 

study. Quality changes of Pacific salmon indented for canning during partial 

freezing were studied by Roach and Tomlinson (1969). Balachandran 
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(2000) has also studied the quality changes of fish during partial freezing. 

Ninan (2003) studied the properties of washed mince of fresh and chilled 

stored black Tilapia 

4.3. Materials and methods 

4.3.1 Experimental Design 

Fresh samples of the two species of squid, loligo and needle from 

Munambam harbour were brought to the processing plant in air-cooled cabs, 

packed in ice without direct contact with ice. The temperature was 

maintained at 0 - 1°C. 

In the processing plant the samples were cleaned and the mantle 

tissues were separated. It was divided into three portions. 

Sample 1- kept without any Good Manufacturing Practices (GMP). 

Here the ice was mixed 3% salt and the material was arranged in alternate 

layers with ice. The ratio of material to ice was 1 :2. 

Samples 2 & 3 - kept with GMP and the chilling method was same as 

for given as sample I. The details of maintaining the boxes with GMP and 

without GMP were explained in Chapter 3. 

3% Salt was mixed with ice to attain sub zero temperature. The 

samples were kept in chilled storage, where the room temperature was 

maintained at -5 to _6°C. The chill store temperature was monitored at 

every 2 hours interval throughout the period of storage. 

The samples drawn daily and were analyzed for chemical indices like 

TMA, TVN, alpha amino nitrogen, and protein fractions and bacteriology. 

The analyses of the above said parameters were conducted as described in 
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Chapter 3 (3.3). The third sample (chill stored with GMP) was taken to the 

processing line where it was subjected to various steps like treatment, 

sorting, grading, filling and finally freezing. For analyses samples were 

drawn at different points, like before treatment, after treatment, before 

filling, after freezing and after 24 hrs frozen storage. The treatment was 

given by a mixture of 0.3% acetic acid and 0.03% citric acid. The material 

was kept in the treatment medium for 20 minutes with occasional stirring. 

After 20 minutes the samples were washed thoroughly and taken to the next 

processing step. This method of treatment was adopted for this study, as this 

is a treatment commonly practiced in seafood industry for processing squid. 

4.3.2, Statistical Analysis 

The analyses of parameters like TMA-N, TVN, ualpha amino 

nitrogen, proteins and TPC were carried oui according to the method already 

explained in the Chapter 3. For the comparison of parameters between 

species, between storage days and between methods (with GMP, without 

GMP and without direct contact.), three way ANOV A was employed. The 

mathematical model used for the purpose was as follows: 

Xijk = ~ + Ui + Pj + Yk + Eijk where Xijk is the value obtained on ith 

species using jth method of storage and kth day of storage. ~ is the overall 

effect and Ui is the effect of ith species, Pj is the effect of j'h method of 

storage and Y k is the effect ofkth day of storage. 

The details of the processing steps and the points of sampling are 

given in the processing flow chart Figure 4.1. 
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Washing 

~f--------1.~ Sampling -Step 1 
" (before treatment) 

Treatment with citric acid acetic acid 
mixture with 3% salt for 20 minutes 

Washing, grading 
and sorting 

'11' 'll--I-h-----+· 
Fl mg m po yt ene 

bags with glaze water 

1 
Freezing at --40°C 

_Ji" "Id 
storage at -20°C 

Sampling - Step 2 
(after treatment) 

Sampling-Step 3 
(before filling) 

Sampling- Step 4 
(after freezing) 

Sampling Step 5 (after 
24hrs frozen storage) 

Figure 4,1. FLOW CHART OF SQUID PROCESSING 
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4.4.Results 

4.4.1. Total Volatile Bases 

4.4.1.1. Total Volatile base Nitrogen 

Table 4.1.Changes of TVN mg% during chill storage withfwithout GMP 

Loligo Needle 

Days with GMP wfoGMP with GMP wfoGMP 

1 14 15.4 14 15.4 
~ 15.4 16.8 19.6 21 ~ 

3 16.8 18.2 25.2 28 

4 19.6 20.3 30.8 30.8 

5 21 21.7 35 36.4 

6 23.8 25.2 44.8 49 

7 25.2 25.9 57 60.2 

8 26.6 27.3 63 77 

wfo GMP- wIthout GMP 

Table 4.1 shows the changes in TVBN during chill storage. In both the 

methods, loligo could keep the quality till the end of 8th day of storage even 

though it showed a gradual increase in TVBN. But in needle, kept with 

GMP and without GMP, the TVN content exceeded the acceptable limit on 

the 4th day of storage. Appendix D.l. gives the ANOVA of TVBN changes 

during chill storage. The F value between species was 20.612, between 

methods 0.371 and between days 3.77. There was significant difference 

between species (p<O.OO 1) level. Needle showed a higher value than loligo. 
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4.4.1.2. TMA 

Table 4.2 Changes in TMA mg% dnring the chill storage with/without GMP 

Loligo Needle 

Days with GMP w/oGMP with GMP w/oGMP 

I 3.5 2.8 2.8 5.6 

2 4.2 5.6 4.9 11.2 

3 4.9 7 7 14 

4 6.3 7.7 11.2 22.4 

5 7 11.2 14 28 

6 7.7 11.9 28 39.2 

7 8.4 12.6 39.2 49 

8 8.82 13.3 49 58.8 

Regarding the changes in TMA, Table 4.2. gives the changes in TMA

N. The loligo sample with GMP was acceptable till 8th day while the 

samples without GMP; it lost its quality on the 5th day of chill storage. But 

in the case of needle, even with GMP, a higher trend of TMA content was 

observed. On the second day, the needle without GMP crossed the limit of 

acceptable level while with GMP crossed the limit on the 4th day. Appendix 

D.2. gives ANOV A for changes in TMA on chill storage. There was no 

significant difference between species and between days. But between 

methods there is significant difference. The method with GMP showed a 

significantly lower value than that of without GMP. 
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4.4.2.Alpha Amino Nitrogen 

Table 4.3 Changes of alpha amino nitrogen during chill 

storage with /without GMP 

LoJigo Needle 

Days with GMP w/oGMP with GMP w/oGMP 

I 105 
, 

98 ! 105 91 

2 77 70 28 25.2 

3 63 56 14 12.6 

4 44.8 53.2 4.2 2.8 

5 21 42 2.8 

6 12.6 9.8 

7 7 4.2 

8 2.8 2.1 

Table 4.3. gives the changes in alpha amino nitrogen in chill storage 

ANOV A-. Appendix D.3.). There was a significant difference between 

species (p<O.OI), between methods (p < 0.05) and between days (p<O.OOI). 

The value of alpha amino nitrogen steadily decreased to reach a very low 

value on 8th day of storage in loligo. But in needle, the leaching rate was 

very high and almost all the alpha amino nitrogen was leached out by the 

end of 4th day. Statistically, there was a significant loss of alpha amino 

nitrogen content between I SI and 2nd day. Then there was a significant 

difference between 3 rd and 6th day. 
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4.4.3. Protein loss 

Table 4.4.Leaching of protein mg% during chill storage with/without GMP 

LoJigo I Needle 

Days with GMP w/oGMP with GMP w/oGMP 

1 19.22 21.23 19.47 20.11 

2 18.12 16.81 17.25 15.85 

3 , 17.55 
I 

15.22 16.92 13.12 

4 16.54 I 14.54 14.8 12.01 
I 

5 16 13.82 13.3 11.13 

6 15.8 13.07 12.6 10.6 

7 14.8 12.13 11.2 9.43 

8 14.2 11.88 10.7 8.7 

In table 4.4 changes of total protein in both the species of squid on 

storing under chill storage for eight days are given. In loligo, with GMP, by 

81h day of storage almost 25% of the total protein was leached out while in 

loligo, without GMP, 45% protein was lost.. But in needle with and without 

GMP, the loss of protein on the 81h day was 46% and 57% respectively. 

Appendix D.4. gives ANOV A of protein loss during chill storage. The LSD 

between days was calculated as 1.1048 and there was significant difference 

between 1 'I, 2nd and 3'd day, but there was no significant difference between 

all other days of storage. 
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4.4.4. Fractions of protein 

4.4.4.1. Sarcoplasmic proteins 

Table 4.5. Leaching of sarcoplasmic protein during 

chill storage with/without GMP (%) 

Loligo Needle 

Days with GMP w/oGMP with GMP w/oGMP 

1 12.88 10.8 11.45 10 

2 11.5 9.7 10.61 8 

3 11.1 1 9.3 9.82 6.5 

4 10.2 8 , 8.7 5.7 
! 

5 9.6 7 8.1 5.6 

6 9.2 5.9 7.6 5 

7 8.7 5.1 7.01 4.5 

8 7.5 4.7 6.6 4 

Table 4.5 gIves the loss of sarcoplasmic protein during the chill 

storage. There was significant difference between species, methods and days 

at 0.001 levels. Loligo give significantly higher value than the needle. The 

samples with GMP showed a higher value of protein retention than the 

samples without GMP. All the days showed significant difference in the loss 

of protein between adjacent days. About 42% of sarcoplasmic protein was 

leached out during the storage of the squid, loligo with GMP and a higher 

rate of leaching was shown 57% in samples without GMP, while in needle 

squid the loss was 43% and 60% respectively. Appendix D.5 shows the 

ANOV A table for loss of sarcoplasmic protein during the chill storage. 
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4.4.4.2. Myofibrillar proteins 

i 
I 
I 

Days 

1 

2 

3 

4 i , 
5 ! 

I 

6 
I 

I 
7 

8 

TABLE 4.6. Leaching of myofibrillar protein 

during chill storage with/without GMP 

LoJigo Needle 

with GMP w/oGMP with GMP w/oGMP 

10.7 9 9.7 8.9 

10.5 8.9 9.6 8.7 

10.2 8.5 9.4 8.5 

9.7 I 8.4 9 8.4 

9.6 , 8.2 8.7 8.3 

9.2 7.8 8.6 I 8.2 ! i 
9.1 7.6 8.4 ! 

I 8.1 

8.9 7.4 8.2 7.8 

Table 4.6 shows the loss of myofibrillar protein during chill storage 

(17-18% in loligo and 16-13% in needle). Here the rate of loss of salt 

soluble protein in needle kept without GMP was very low because a 

considerable amount of myosin was already lost in water-soluble fraction. 

Appendix D.6 shows ANOVA of myofibrillar protein content during chill 

storage. The F value for species was 8.28, methods 86.43 and days 11.33. 

There was a significant difference at p<O.OOI levels. 
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4.4.4.3. Denatured proteins 

Days 
1 
2 
3 
4 
5 
6 
7 
8 

Table 4.7. Changes of denatured protein during 

chill storage with/without GMP C%) 

LoJigo Needle 
with GMP w/oGMP with GMP w/oGMP 

0.05 0.05 0.08 0.08 
0.06 0.09 0.1 0.1 
0.07 0.1 0.12 0.15 
0.09 0.13 0.14 0.2 
0.1 0.15 0.18 0.25 
0.11 0.18 0.2 0.28 
0.12 0.2 0.23 0.3 
0.14 0.23 0.25 0.32 

Table 4.7 shows the changes in denatured protein. There was a 

gradual increase in denaturation during the storage. There was a significant 

increase in the denatured protein between I sI and 81h day. Between species, 

needle showed significantly higher value than loligo. The samples without 

GMP showed a higher degree of denaturation (Appendix D.7). 

4.4.4.4. Stroma proteins 

Table 4.8 Changes of stroma protein during chill 
storage with/without GMP C%) 

LoJigo Needle 
Days with GMP w/oGMP with GMP w/oGMP 

I I I 0.97 0.97 
2 1.09 0.97 0.92 0.9 

3 1.07 0.92 0.9 0.8 
4 1.02 0.9 0.87 0.7 

5 0.9 0.8 0.83 0.65 

6 0.8 0.7 0.8 0.55 
7 0.7 0.6 0.65 0.5 

8 0.6 0.5 j 0.55 0.48 
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Table 4.8 shows the changes in stroma protein during super cooling. 

There was a significant loss of stroma protein between species, between 

methods and between days (p<0.001) as shown in Appendix D8. The LSD 

between days was calculated (0.0708). There was no significant difference 

between first 4 days, but on 5th day a noticeable loss was found. 

4.4.5. Bacteriology 

Table 4.9 Changes in TPC during chill storage 

Loligo Needle 

Days W/o GMP With GMP W/oGMP With GMP 

1 1.75X 10' 1.8 X 10' 1.67 X 10' 1.76X 10' 

2 2.0 X 10' 2.2 X 10' 1.95 X 10' 1.85 X 10' 

3 2.5 X 10' 2.25 X 10' 2.3X 10' 2.0 X 10' 

4 2.9 X 10' 2.3 X 10' 2.85 X 10' 2.15X10' 

5 3.4 X 10' 2.4 X 10' 3.33 X 10' 2.3 X 10' 

6 3.8 X 10' 2.5 X 10' 3.8 X 10' 2.4 X 10' 

7 4.4 X 10' 2.57 X 10' 4.3 X 10' 2.48 X 10' 

8 5.3 X 10' 2.62 X 10' 5.33 X 10' 2.7 X 10' 

9 5.7 X 10' I 2.7 X 10' 5.7 X 10' 2.9 X 10' 

10 6.0 X 10' 2.78 X 10' 6.0 X 10' 2.96 X 10' 

11 6.4 X 10' 2.8X 10' 6.8 X 10' 3.07 X 10' 

12 6.85 X 10' 2.94 X 10' 7.12X10' 3.27 X 10' 

13 7.5X 10' 3.0 X 10' 7.8X 10' 3.34 X 10' 

Table 4.9 shows the Total Plate Count (TPC) during chill storage. 

Irrespective of species, the count of bacteria increased enonnously when 

kept without any Good Manufacturing Practices. In loligo without GMP, the 

TPC increased from 1.75 X 104 to 7.5 X 104
, while in samples with GMP, 
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the TPC showed an increase from 1.8 X lO4 to 3.0 X lO4 . The sampling for 

bacteriology was prolonged 13 days in order to observe the trend of 

bacterial growth rate. There was a significant difference between days and 

methods. (p<O.OOI). There was significantly lower value on 1st day and a 

significantly higher value on 13th day in both the species. The LSD value 

was 0.1223 (Appendix D.9). 

4.5.Processing steps 

Here the quality changes during various processing steps in both the 

species of squid were studied. The samples were drawn at various points in 

the processing line (Fig.4.I) and analyzed for the various parameters. 

4.5.1. Total Volatile Bases 

4.5.1.1. TVBN 

Table 4.10 changes in TVBN on chill storage during various processing steps 

Lolie:o Needle 

Days step I step2 step3 step4 step5 step I step2 step3 step4 step5 

I 14 15.4 15.4 15.4 15.4 14 15.4 19.6 21 21 

2 15.4 16.8 16.8 16.8 16.8 19.6 21 I 23.8 26.6 26.6 

3 16.8 18.2 18.2 18.2 18.2 i 25.2 28 ! 30.8 32 32 

4 19.6 20.3 20.3 20.3 20.3 30.8 30.8 ! 38 44.8 44.8 

5 21 21.7 21.7 21.7 21.7 35 36.4 40.2 49 49 

6 23.8 25.2 25.2 25.2 25.2 44.8 49 57.4 60.2 60.2 

7 25.2 25.9 25.9 25.9 25.9 57 60.2 65.8 72.4 72.4 

8 26.6 27.3 27.3 27.3 27.3 63 77 78.4 84 84 

step I-before treatment. step2-after treatment, step3-before filling, step4-

after freezing. step5- after 24hrs frozen storage 
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Table 4.10 shows the changes of TVBN during various processing 

steps. Here the values were within the limit (below 30mg %) for 10Jigo, but 

the TVN value exceeded the limit on the 4th day of chill storage in the case 

of needle squid. During processing steps also, TVN showed a gradual 

increase. There was no significant difference between species, steps and 

days, even though the value showed a gradual increase during the storage 

period (Appendix D.I 0). 

4.5.1.2. TMA-N 

Table 4.11 Changes in TMA-N content in chill stored samples during 

various processing steps 

IDe% Lolieo Needle 

Days step 1 step2 step3 step4 step5 step 1 step2 Step3 step4 step5 

I 3.5 3.5 3.5 3.5 3.92 2.8 5.6 5.6 5.88 6.02 

2 4.2 4.2 4.2 4.2 4.48 4.9 7.7 8.68 9.1 11.9 

3 4.9 4.9 4.9 4.9 5.32 7 8.82 9.1 14 19.6 

4 6.3 6.3 6.3 6.3 6.72 11.2 14 19.6 23.8 25.2 

5 7 7 7 7 8.4 14 19.6 22.4 28 33.6 

6 7.7 7.7 7.7 7.7 8.68 18.2 22.4 28 33.6 39.2 

7 8.4 8.4 8.4 8.4 9.1 23.8 28 33.6 39.2 44.8 

8 8.82 8.82 8.82 8.82 9.52 28 33.6 39.2 44.8 56 

Table 4.11 shows the changes of TMA in chill stored samples (1-8 

days) during various processing steps. Even though the TMA value of 10Jigo 

squid showed a gradual increase, it was in the limit (below 10mg). But 

needle, exceeded the limit on the 3rd day after freezing. The TMA content in 

needle squid reached 56 mg from 2.8mg on 9th day after 24 hrs frozen 

storage. Irrespective of species, there was no much difference in the TMA 

content during processing steps. The statistical analysis revealed that there 
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was no significant difference in changes in TMA content between steps 

(Appendix D.ll). There was significant difference between species and 

between days. Needle showed a significantly higher value than loligo. There 

was a gradual increase in the value during the storage time. 

4.5.2. Alpha amino nitrogen 

Table 4.12 Changes in Alpha amino nitrogen in chill stored samples 

during various processing steps 

Loligo Needle 

Days step1 step2 step3 step4 step5 ' step 1 step2 step3 step4 step5 

1 105 98 93.8 91 91 105 91 84 77 63 

2 77 70 67.2 64.4 64.4 28 25.2 22.4 21 19.6 

3 63 56 53.2 51.8 51.8 14 12.6 11.2 9.8 6.3 

4 44.8 42 36.8 35 28 4.2 2.8 2.1 1.82 1.4 

5 21 19.6 15.4 14 12 2.8 

6 12.6 9.8 9.1 8.4 8.4 i 
, 

7 7 4.2 3.92 3.5 3.5 

8 2.8 2.1 1.82 1.54 1.54 

Table 4.12 gives the changes in alpha amino nitrogen during the 

various processing steps of both the species stored under chill storage (1-8 

days) with and without GMP. There was no significant difference between 

species and steps. But there was a significant difference between days of 

storage (Appendix D.12) 
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4.5.3. Protein loss 

Days 

I 

2 

3 

4 

Table 4.13 Changes in Leaching of proteins in chill stored 

samples during various processing steps 

LoJigo Needle 

step I step2 step3 step4 step5 step I step2 step3 step4 

19.22 18.78 18.55 17.85 17.55 19.47 17.99 17.43 16.5 

18.12 17.35 17 16.9 16.81 17.25 16.75 16.45 16.03 

17.55 17.05 16.65 15.8 15.22 16.92 16.22 15.73 15.25 

16.54 15.82 15.43 14.77 14.54 14.8 14.13 13.84 13.27 
I 

step5 

16.1 

15.85 

13.12 

12.01 
I 

13.83 113.82 13.3 ! 12.65 
! 

5 I 16 14.93 14.44 12.01 11.64 I 11.13 1 
I , 

6 15.8 I 14.25 13.72 13 13.07 12.6 12 11.63 11.2 10.6 

7 14.8 13.9 13.2 12.7 12.13 11.2 10.7 10.25 9.99 9.43 

8 14.2 13.5 13 12 11.88 10.7 10.3 10 9.73 8.7 

Almost 39% and 55% of total protein were lost at the end of 24 hrs 

frozen storage in 8th day of chilled stored samples in loligo and needle 

respectively. There was significant difference between species, between 

steps and between days (p<O.OOI) (Appendix D13). There was significant 

difference between all the days except between 7'h and 8th day. Between 

step I (before treatment) and step 5 (after 24hrs frozen storage), there was a 

significant difference with the protein values showing a gradual decrease in 

all the processing stages. 
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4.5.4. Fractions of protein 

4.5.4.1. Sarcoplasmic proteins 

Table 4.14 Changes in sarcoplasmic proteins in chill stored samples during 

varions processing steps 

Loligo Needle 

Days step I step2 step3 step4 step5 stepl step2 step3 step4 step5 

I 12.88 11.2 10.8 10.4 10 11.45 10.4 10 9.6 9.4 

2 11.5 10.1 9.7 9.3 9 10.61 8.2 8 7.7 7.5 

3 11.1 9.6 9.3 9 8.6 9.82 6.7 6.5 6.1 5.8 

4 10.2 8.4 8 7.6 7.2 8.7 6.1 5.7 5.5 5.3 

5 9.6 7.2 7 6.6 6.4 8.1 5.8 5.6 5.2 5 

6 9.2 6.2 5.9 5.7 5.5 7.6 5.2 5 4.8 4.7 

7 8.7 5.4 5.1 4.8 4.6 7.01 4.7 4.5 4.4 4.3 

8 7.5 5 4.7 4.5 4.2 6.6 4.3 4 3.9 3.7 

The sarcoplasmic protein content showed a gradual decrease about 

68% was in both the species of squid during various processing steps (Table 

4.14). ANOVA for sarcoplasmic protein is given in Appendix D.14. There 

was significant di fference between species, steps and days. In the processing 

line, after the treatment step, there was a significantly high loss of 

sarcoplasmic protein. All the days showed significant difference in the 

leaching rates and, specifically needle showed a higher value of leaching. 

rate during the processing. 
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4.5.4.2. MyofibriIIar proteins 

Table 4.15 Cbanges in myofibrillar proteins in chill stored samples during 

various processing steps 

LoJigo Needle 

Days stepl step2 step3 step4 step5 step I step2 step3 step4 stepS 

I 10.7 9.2 9 8.9 , 8.7 9.7 9 8.9 8.6 I 8.5 
I 

2 10.5 9.1 ! 8.9 I 8.7 
, 't 

8.5 9.6 I 8.9 8.7 I 8.4 8.2 

I 
I 

I 

3 10.2 8.7 8.5 8.4 8.2 9.4 8.8 8.5 8.2 8 , 

4 9.7 8.5 8.4 8.2 8 9 8.6 8.4 8.1 7.8 

5 9.6 8.3 8.2 8.1 7.7 8.7 8.5 8.3 8 7.6 

6 9.2 7.9 
! 

7.8 7.6 7.5 8.6 i 8.4 8.2 7.9 7.5 

I 

I 7 9.1 7.7 7.6 7.5 7.2 I 8.4 8.2 8.1 7.6 7.4 
I 

8 8.9 7.5 7.4 7.2 7 8.2 8 7.8 7.5 7.2 

About 35% and 25% of the total myofibrillar protein were leached out 

from loligo and needle squid respectively during processing of chilled 

stored samples (Table 4.15). There was a significant difference between 

species, steps and days (p <0.001). There was a significant difference 

between chill stored samples of I sI and 81h day. There were no significant 

changes in the myofibrillar protein between various steps in the case of both 

the species (Appendix D.15). 
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CIlapter 4 

4.5.5. Bacteriological 

Table 4.16 Changes in TPC in chill stored sqnid dnring various processiug steps 

Loligo Needle 

stepl step2 step3 step4 step5 step I step2 step3 step4 stepS 

1.15X1O' 5.5 X 103 6.5 X 103 5.5X103 5.5 X 10' 1.25 X 10' 1.8 X la' 2.0X la' 1.8 X 10' 1.8 X la' 

1.65 X 10 7.8 X 103 8.0 X 103 6.0 X 103 6.0X 103 1.46 X 10 2.2 X la' 2.4 X 104 2.0 X la' 2.0 X 104 

1.78 X la' 9.4 X 103 9.5 X la' 7.4 X 103 7.5 X 10' 1.85 X la' 2.4 X la' 2.5 X la' 2.4 X 104 2.4 X la' 

1.87 X 10 11.4X1O' 11.6X103 10.OX103 10.2XI03 2.02 X la' 2.5 X la' 2.65 X la' 2.52 X la' 2.54 X la' 

2.15 X 10' 16.5 X 103 16.5 X 103 l5.0X 10 15.5 X 10 2.22 X 10 2.8 X 10' 2.96 X 104 2.8 X 104 2.8 X la' 

2.3IX1O 19.2X103 19.4X103 17.0X 103 l8.0X103 2.5 X 100 2.85 X 10' 3.05 X la' 2.85 X 10' 2.95 X 10 

2.57 X la' 22 X 103 22.4 X la l8.0X la 18.5X103 2.78X10' 2.98 X la' 3.18 X la' 2.98 X la' 3.0X la' 

2.75 X la' 24.5 X 103 24.8 X 103 23.0X103 23.5 X la 2.95 X la 3.2X la' 33.6 X la' 3.25X 104 3.42 X 104 

2.95 X 10 29.5 X 103 30.0 X 103 29.0 X 103 30.0 X la' 3.1 X la' 3.3 X 10' 3.45 X 10',3.4 X 104 3.48 X la' 

3.15 X la 3l.4X la 32.0X la 31.5 X 103 32.0X 103 3.3 X 10' 3.5X la' 3.64 X 104 3.5 X la 3.56 X 104 

3.41 X la' 35 X 103 35.6 X 103 34.7 X 10 35.5 X 10 3.5 X la' 3.65 X la' 3.7X 104 3.65 X 104 3.7 X 104 

3.61 X la' 38.7 X 103 39.8 X 103 37.4 X 103 37.5 X la 3.8 X la' 3.9 X la' 4.0 X la' 3.94 X 104 4.0 X la' 

3.87 X la' 39.7X 103 40.0XIO 39.6 X la 39.8X 103 4.2 X la' 4.25 X 104 1.8 XI04 4.12X 104 4.2 X 104 

Table 4.16. gives the changes in TPC of samples drawn at various 

processing steps. The TPC of one day chill stored sample showed a 

reduction of 5% in loligo and 14%in needle after treatment. At the end of 

13th day, the reduction in TPC of loligo sample was decreased from 95% to 

90% and for needle from 90% to 86%. There was significant difference 

between species, steps and days (Appendix D.16.). Among the steps, IS! and 

2nd steps showed significant differences than the remaining steps. 

4.6.Discussion 

Owing to the high ambient temperature, postmortem changes in fish 

captured in tropical region occur more rapidly than in fish taken from cold 

or temperate waters. Proper chilling practices are fundamental to obtain high 
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quality products, When the temperature of biological system is reduced 

below O°C, the solution is first super cooled before solute start 

crystallization. By using ice in salt mixture as chilling medium, the freezing 

point of the ice can be lowered to sub zero temperature and the fish thus can 

be super cooled to -1°C. A reduction in storage temperature of 2.8 to _3°C 

results in doubling the storage life, which completely correlate with the 

result of this study on squids. On lowering the temperatures, 19% of the 

water gets frozen at -1°C and about 76% at -4°C, (Mahadevan and Carter, 

1948). Love and Elerian (1964) have shown that the rate of protein 

denaturation in fish frozen at -30°C was maximal in chill stored samples at-

1.5°C, possibly due to increased concentration of tissue salts due to the 

removal of water as ice. Lovem (1961) has indicated that the maximum rate 

of hydrolysis of lipids to fatty acids took place between -2.4°C and _10°C. 

Glycolysis also reached a maximum in this region. Sharp (1934) showed 

that the temperature at which glycolsis takes place at a maximum rate lies 

between -3 and -3.5°C. According to Power et aI., (1969) cod stored at 

super chilled temperatures showed a superior organoleptic quality and a 

considerable increase in the storage life. 

The findings of Chapter 3 showed that the protein content of ice

stored loligo squid was reduced to 11.2, 14.2, and 17.5% from 20.9% in ice 

stored samples without GMP, with GMP and without contact ice 

respectively. In the present study on super cooling, the reduction of protein 

content in both the species was found to be much more than that of ice 

storage. The needle squid showed a higher rate of leaching of protein during 

all the three storage systems. The result of this study on needle squid is 
o:l* 
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leaching rate on super cooling than the ice storage and frozen storage. The 

fish stored at -I QC were reported to be perfectly fresh for 21 days, and when 

the temperature was reduced to _2°C and -3°C the freshness was extended 

to 25 days and 35 days respectively; but had a tendency to harden (Scarlatti, 

1965). 

The needle squid, which is stored in super chilling temperature with 

GMP and without GMP showed a higher rate of TMA value that exceeded 

the limit of 10mg% on third day of storage (with GMP) and second day 

(without GMP) reached 11.2mg%. But in the case of ice stored needle squid 

(without GMP) crossed the limit of 10mg% on the second day, reached 

14mg% and samples stored with GMP on fifth day, and without contact ice 

on seventh day. The super chilling should not be used for storage period less 

than 12 days (Peters, 1967). Iced storage at -2°C to -1°C extended the 

storage life to about 7 days in comparison to regular iced storage (Power 

and Morton, 1965). The fish stored in -3
Q
C in air gradually dehydrated and 

reached a value of 78.5% moisture after 35 days of storage (Power & 

Morton, 1965). The authors have studied the physical and chemical 

properties of cod during super chilling. The samples stored in ice showed a 

lesser amount of protein denaturation than in super cooling (Power & 

Morton, 1965). A similar result was obtained from the present study. In this 

study, the tissue samples showed a higher rate of extractable nitrogen due to 

the breakdown of myofibrils during the storage period. 

Early it was believed that the storage of fish just below the freezing 

point gave rise to mediocre quality production due to the cellular damage 

and accompanying acceleration of bio-chemical reactions (Ronsivalli and 

Baker, 1981). This lead to leaching of nutrients and loss of texture and 
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appearance. But recent study have shown that storage of fish at a 

temperature of -3°C where about 70% of the water is in the ice state can 

retard the biochemical reactions and extend the quality (Lee and Park, 1985; 

Simpson and Haard, 1987; Uchiyama, 1988). It is also reported that 

excellent quality was maintained 1.5 to 8 fold longer for different species 

held at -3°C compared with ice storage (Ehira and Uchiyama, 1986). 

4.7. Conclusion 

Good chi lling practices on board fishing vessel and onshore, result in 

better quality of fish and this can demand higher prices at auction and 

greater acceptance by the consumers. Super chilling is not advisable in the 

case of squid especially needle squid which showed a higher degree of 

deterioration during storage. The processed squid are liable to loose the 

nutrient fractions very much in water and ice. Hence minimum contact with 

material with ice is recommended throughout the processing. Treatment of 

the sample with proper additives at lower temperatures could reduce the 

leaching effect. The repeated washing of the squid tube before freezing 

should be avoided. The time taken to pass through grading, sorting, filling, 

before freezing should be minimum as possible. After filling the trays for 

freezing, the sample should be frozen immediately without delay. 

Individually quick freezing (IQF) is preferred to block freezing as in IQF, 

there is no direct contact of the sample with ice and water. Also pressing of 

samples in block freezing increase the leaching rate of nutrients. 
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Chapter 5 

5.1. Introduction 

During frozen storage of fish, deterioration III quality due to 

microorganisms and some biochemical processes is decreased. Properly 

frozen and packaged good quality lean fish can normally be stored at -20°C 

to -30°C for more than I year without much loss in consumer acceptability. 

But the quality of fish deteriorates during storage as shown by organoleptic, 

chemical and physical changes. Frozen fish stored for extended period can 

have reduced palatability by loss of flavour or texture. The denaturation and 

aggregation of fish muscle proteins particularly myofibrillar fraction are 

associated with the texture deterioration of frozen fish. Many factors 

influence the deterioration during frozen storage, like rate of freezing, 

temperature and time of frozen storage, post harvest history of fish prior to 

freezing etc. 

In recent years, the production of cephalopods, mainly squid and 

cuttlefish from India, is on the increase amounting to greater than 56,000 

metric tonnes in 2002. The export of frozen squid and cuttlefish in the same 

year was greater than 28,000 tonnes and formed second major seafood item 

exported from the country. The factories in Cochin account for roughly 60% 

of the production and around 24 factories are involved in the processing of 

cephalopods. Since in foreign market, this is considered as highly favoured 

seafood delicacy, high quality products are required for exports. Quality 

standard of frozen squid and cuttlefish were established by Indian Standards 

Institution in 1976 (IS 8076) and emphasis was laid on physical, sensory 

and bacteriological quality assessments. However, the quality evaluation 

based on objective indices has assumed greater importance in International 

trade in recent years. Many studies pertaining to the iced and frozen storage 
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characteristics of squid and cuttlefish have been made, of which the major 

studies in squid have been done only on Loligo (Loligo duvaucelii) and no 

systematic work on needle squid (Doryteuthis sibogae) seems to be done. 

The present study surveyed the quality of two the species of frozen squid 

based on physical, sensory, chemical and bacteriological methods and 

compares the acceptability with the chemical parameters and the degree of 

protein denaturation. 

S.2.Review of literature 

The history of squid freezing was studied by Hansen and Aagaard 

(1969). Various authors have studied the importance of freezing 

cephalopods especially squid and the significance of squid in the 

international trade (Borgstrom, 1965; Learson and Ampola, 1977; Thrower 

1978). Thrower (1978) found that the squid remained for a maximum period 

of eight months in the cold storage. J ames and Iyer (1998) have studied the 

quality of frozen squid and cuttlefish of export trade where the commercial 

samples of frozen squid and cuttlefish were evaluated by organoleptic, 

microbiological and biochemical means. Sophia and Sheriff (2003) have 

investigated the effect of iced storage duration and treatment on frozen 

storage of cuttlefish fillets. Similar work has been carried out by Selvaraj et 

aI., (1991) on the effect of ascorbic acid dip treatment on frozen storage of 

squid (Loligo duavucelii). Several studies have been reported on the storage 

characteristics of iced and frozen stored squid and cuttle fish (Joseph et al.. 

1977; Dhananjaya et aI., 1987; Joseph and Perigreen, 1988). Ke et aI., 

(1979) in his study on the frozen storage life of Canadian squid at various 

temperatures, reached a conclusion that the round squid stored at - 30°C 

could remain in good condition for more than 18 months and the split 

107 



Chapter 5 

mantle for more than 12 months. Lakshmanan et aI., (1993) have studied the 

quality levels of industrial samples of squid (Loligo sp) and Cuttlefish 

(Sepia sp) for export following sensory, biochemical and microbiological 

characteristics. Some studies pertaining to the iced and frozen storage 

characteristics of squid and cuttle fish have also been made (Raghunath, 

1984, Sastry and Sirkar, 1985, Bykowski et aI., 1990). Sanjeevan et aI., 

(1987) Lakshmanan et aI., (1993) and Varma et aI., (1985) have studied the 

bacteriology of frozen cuttle fish and squid. Iyer et aI., (1990) has 

investigated the presence of Vibrio cholerae non-O 1 in fresh fish and was 

introduced into the product during handling. Various other workers have 

also studied the bacteriology of frozen squid (Joseph et aI., 1977, 

Lakshmanan et aI., 1993, Selvaraj et aI., 1991). 

The quality changes during the frozen storage of other marine species 

have been studied by many workers. Comparative effects of frozen storage 

on biochemical changes in pink perch and oil sardine were investigated by 

Sarma et aI., (1998). Simeonidou et aI., (1997) studied the effect of frozen 

storage on the quality of whole fish and fillets of horse mackerel. Engvang 

and Nielsen (2000) evaluated the activity of chymotrypsin from herring 

intestine during frozen storage. Rodriguez et aI., (1998) in their study stated 

the importance of the reduction of TMAO for the evaluation of the quality 

of frozen fish. Shenoy and Pillai (1971) have studied the changes of 

Sardinella longiceps on frozen storage and Radhakrishnan et aI., (1973) on 

Bombay duck. 

The types of proteins and their functional status are the two factors 

that most influence the texture of cephalopod muscle. There are many 

publications concerning muscle protein solubility in moderate-ionic-strength 
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saline (0.6M NaCI or KCI). In these studies, the functional properties of fish 

muscle are related to the solubility of the constituent proteins (Jimenz

Colmenro and Borderius, 1983; Hultin et aI., 1995). The most affected ones 

are myofibrillar proteins and stroma proteins, which undergo aggregation 

during frozen storage (Sikorski et aI., 1976; limenz-Colmenro et aI., 1983). 

5.3.Materials and Methods 

5.3.1. Sample collection 

Freshly collected Samples of Loligo squid (Loligo duvaucelii) and 

needle squid (Doryteuthis sibogae) (from 6-8hrs in ice after capture) were 

gutted and skinned. Tentacles were removed and the mantles were 

immediately frozen in a fluidized bed freezer at -40DC for 40-50 minutes. 

The core temperature of the mantle was recorded to be -18DC using a digital 

thermometer (Casio 168X). The frozen material was in a cold store at -20DC 

for six months. Samples of 100 to 200g were packed separately in 150gauge 

polythene bags and stored after packing in 7 ply corrugated master cartons. 

Samples were drawn on 0, 30., 60, 90, 120, 150 and 180 days and were 

subjected to physical, chemical and microbiological analyses. All the 

samples were analyzed in triplicate. The temperatures of the cold store and 

the frozen material were checked periodically. 

5.3.2. Expressible moisture 

One cm2 squid piece was taken and placed between two filter papers 

and pressed under a fixed pressure (lOkglcm2) for 10 seconds. The weight 

difference compared to the weight before pressing in % reflects the 

expressible moisture. 
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5.3.3. Statistical analysis 

The results of various quality parameters were analyzed statistically 

using two way ANOV A. Two- factor ANOV A was employed to compare 

the effect of each parameter like TMA-N, TVBN, alpha amino nitrogen, 

protein fractions and TPe, between species and days of frozen storage. The 

mathematical model was employed for this purpose was as follows: 

Xij = f.l + Ui + ~j + Eij 

In the case of frozen storage, Xij is the observed value corresponding 

to the ith species on j'h day of storage. f.l is the overall effect, Ui is the effect 

ofith species and ~j is the effect ofjth day of storage and epsilon ij (EiJ) is the 

random error. 

5.4. Results 

5.4.1. Total volatile bases 

5.4.1.1. Total volatile base nitrogen 

Figure 5.1. Changes in TVN content during frozen storage 
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Figure 5.1. shows changes in TVN content of both the species during 

frozen storage. This also showed an increasing trend in both species. The 

TVN value did not exceed the limit of 30mg N/lOOg during the period of 

frozen storage. Appendix E.1. represents the ANOV A table for changes in 

TVN (which showed a significant difference between species and days) 

during frozen storage. The F values between species and days were 14.59 

and 14.82 respectively. (p<0.001). 

5.4.1.2. Trimethylamine 
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Figure 5.2. Changes in TMA content during frozen storage 

Figure 5.2. showed the variations in TMA content during frozen 

storage of loligo and needle squid. In both the species TMA content showed 

a gradual increase, but the rate of increase of TMA value was faster in 

needle squid (exceeded the limit by 90 days) than Loligo (exceeded the limit 

by 150 days). Appendix E.2. shows that there was a significant difference 
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between species and days (p<O.OOI). Needle squid showed a significantly 

higher value, compared to loligo. LSD for the days was calculated as 3.18. 

5.4.2. Alpha amino nitrogen 

Alpha amino nitrogen also showed a gradual increase in both the 

species of squid during frozen storage (Figure 5.3.). In the beginning, it 

showed a decline and then a gradual increase. Appendix E.3. shows that 

there was no significant difference in alpha amino nitrogen content between 

the species, but there was a significant difference between days (p<O.OOI). 

The LSD was calculated as 14.11. 
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Figure 5.3. Changes in Alpha amino nitrogen content during frozen storage 

5.4.3. Total Protein 

Table 5.1. gives the variation in total protein content of loligo and 

needle squid during frozen storage. The decrease in protein content in loligo 
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and needle squid on frozen storage up to 180 days, was 20% and 34% of the 

total protein before freezing respectively 

Table 5.1. Changes in Total protein content during frozen storage (%) 

Days Loligo I Needle 

0 20.71 20.83 

30 19.25 18.28 

60 18.55 16.31 

90 18.2 15.1 

120 17.8 I 14.9 

150 17.2 14 

180 16.6 13.8 

Appendix E.4 shows the ANOV A table for protein changes, which 

revealed a significant difference between species and days (p<O.OOI). 

5.4.4. Fractions of proteins 

Table 5.2. Changes in various fractions of protein during frozen storage 

Sarcoplasmic Myofibrillar Denatured ! Stroma 
Proteins % Proteins % Proteins % Proteins % 

Days Loligo Needle Loligo Needle Loligo Needle LoJigo Needle 

0 12.62 11.75 9.82 8.68 l.l 0.7 0.8 0.9 

30 11.13 10.2 7.24 6.84 1.7 1.4 0.75 0.83 

60 9.97 9.17 6.12 5.9 2.3 1.9 0.72 0.8 

90 9.24 8.35 5.3 5 2.82 2.5 0.7 0.75 
, 

120 8.8 7.83 4.9 4.7 3.4 3.2 0.68 0.72 

150 8.3 7.2 4.27 4.01 3.8 3.8 0.64 0.68 

180 7.6 6.8 4 3.95 4.2 4.3 0.6 0.65 
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Table 5.2 presents the changes in various protein fractions during 

frozen storage. In loligo, about 40% of sarcoplasmic protein was lost, but in 

the case of needle 43% was lost during storage. 

Appendix E.5 represents ANOV A table for changes in sarcoplasmic 

protein during the frozen storage. There was a significant difference at the 

level ofp <0.001 for both species and days. 

During frozen storage, there was an apparent loss of extractability of 

salt soluble proteins, which was 40% less from the zero day in loligo squid 

and about 45% less in needle squid. A significant difference between 

species and days (p<O.OOI) was observed (Appendix E.6). LSD was 

calculated to 0.61S and the degrees of freedom were as in the case of 

sarcoplasmic protein. Needle showed significantly lesser solubility of salt 

soluble proteins, when compared with loligo. 

A gradual increase in the denatured protein content was observed 

during the frozen storage in both the species of squid. There was a 

significant difference between species (p < 0.05) and days (p < 0.00 I) 

during frozen storage (Appendix E.7). 

A gradual decrease in stroma protein was observed during the period 

of frozen storage. The decrease was about 25% in loligo and 2S% in needle 

from the initial value, showing a significant difference of p<O.OOI between 

species and days of storage (Appendix E.S). 
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5.4.5. Organoleptic quality 

Table 5.3.Chauges iu pH, organoleptic score and Expressible 

moisture content during frozen storage 

Needle Grade EM% Loligo Grade EM% 

0 6 7.5 30 6 8.5 25 

30 6.3 7 35 6.2 8 28 
60 6.4 6 39 6.3 8 34 
90 6.5 5 47 6.4 7.5 40 
120 6.6 5 54 6.5 7 45 
150 7.1 3 58 6.8 7 48 
180 7.5 2 60 7.1 6 53 

E.M. Expressible mOisture % III the muscle 

I 

The pH of both the species showed a gradual increase on frozen 

storage, while the organoleptic quality showed a gradual decrease (Table 

5.3.). The needle squid lost its organoleptic acceptance by 3'd month of 

storage, but loligo retained the quality till the end of the storage. There was 

no correlation between pH and organoleptic quality, even though the pH 

showed a gradual increase towards the end of the storage. The expressible 

moisture showed a gradual increase in both the species and a higher 

retention of moisture was observed in loligo compared to needle squid. 

5.4.6. Bacteriology 

Table 5.4. Changes in Total Plate count during frozen storage at - 20°C 

Days Loligo Needle 

0 1.75 X 105 2.12XI05 

30 1.83 X 105 2.15Xl05 

60 1.86 X 105 2.18 X 105 

90 1.89 X 105 2.19 X 105 

120 1.9 X 105 2.22 X 105 

150 1.91 X 105 2.23 X 105 

180 1.93 X 105 2.25 X 105 

115 



Chapter 5 

The total plate count was calculated after converting the original value 

into its logarithm (Table 5.4.). In loligo, TPC 1.75 X 105 was increased 

to1.93 X 105
. But in the case of needle the count of2.12 X 105 increased to 

2.25 X 105
. There was a significant difference between days and species 

(p<O.OOI). The F values were 752.2 for species and 11.56 for days 

(Appendix E.9). 

S.S.Discussion 

The TMA content is often used as an indicator for decomposition in 

fish. TMA production is believed to be the consequence of microbial action 

on TMAO present in marine species. The variation in the content of TMA 

can be related to the availability of TMAO for enzymic degradation or due 

to some inhibitory mechanism operating for TMAO degrading enzymes. In 

the present study, a steady increase in the TMA, TVN and alpha amino 

nitrogen content was observed in both the species on frozen storage, of 

which needle squid showed a higher rate of increase. According to Thrower 

(1978) squid could be stored in cold storage for a maximum period of 8 

months. Ke et ai., (1979) has reported that Canadian squid could be stored 

in good condition at -30D C for more than 18 months and split mantle for 

more than 12 months. 

The TVN content showed an increase from 14mg N/100g tissue on 

zero day to 22.4mg N and 28mg N/I00g tissue on 180 days, in 101igo and 

needle squid respectively. Thus the TVN content was within the permissible 

level in both the species till 180 days of frozen storage. Studies on frozen 

storage characteristics of treated and untreated meat from mussel also 

showed a steady increase in TVN and TMA-N (Sawanth and Patange, 
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2002). Similar results were reported by Sophia and Sherief (2003) in their 

study on the effect of different treatments on frozen storage of cuttlefish 

fillet. Similar results were reported by Rodriguez (1988), Sarma (1998) and 

Simeonidous (1997). According to latter, TMA-N and TYN increased 

during the frozen storage while sensory attributes like odour, texture and 

taste reduced. There are reports that mention TMA and hypoxanthine 

concentration did not change much during frozen storage and can therefore 

be used as indices ofpre-freezing quality (Connell, 1969; Rodriguez, 1998). 

But this opinion that TMA-N does not change during frozen storage is a 

matter of conflict and does not agree with the present study and many other 

reported work. 

A significant steady increase was observed in alpha amino nitrogen 

during frozen storage period of loligo and needle, the variations between the 

species being not significant. The protein content of cephalopod meat varies 

from 15-20%. Alpha amino constituents of NPN are important from the 

point of view of bacterial spoilage as they provide a source of nitrogen that 

can be readily assimilated by the micro flora associated with spoilage of 

fish. They contribute substantially to the flavour of the fish. In this study, 

during pre-freezing stage, the squid mantles were kept with GMP and 

without direct contact with ice and hence leaching of alpha amino nitrogen 

was kept minimum. 

The muscle pH varied between 6.22 to 7.38 in cuttlefish and 6.17 to 

7.34 in squids, but did not correlate with sensory scores (Lakshmanan et aI., 

1993). On frozen storage, the squid lost its organoleptic quality at the end of 

19th week, but seems to be acceptable and good when treated with salt and 

polyphosphate (Joseph et aI., 1977) 
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In general, the results show that the solubilization of sarcoplasmic and 

myofibrillar proteins in the respective extraction media decreased during 

frozen storage. In the present study, the concept of solubilization and that of 

denaturation, is that amount of the protein remaining in the supematant 

solution after centrifugation. Similar results were obtained by Joseph et aI., 

(1977) in frozen squid, Shenoy and Pillai, (1971) in sardine and 

Radhakrishnan, et aI., (1973) in Bombay duck. . The solubility in O.6M KCI 

decreased with increasing time of frozen storage. The decrease in solubility 

reflects the increase in the number of cross bridges other than ionic bonds 

being formed during frozen storage. 

Sarcoplasmic proteins, which are extracted by low ionic strength 

solution, also showed a decrease during frozen storage of both the species of 

squid. The high extractability of myosin and other structural proteins in 

squid has been confirmed in the previous chapters. The aggregation of these 

fractions due to the freeze denaturation can lead to lesser extractability 

during storage. The sarcoplasmic proteins in fish are not much affected 

during freezing and frozen storage. In various species of fishes like cod, 

plaice and halibut, the albumin fraction remained unaffected during frozen 

storage (Dyer and Dingle, 1961; Connell 1962). But Tomlinson and Geiger 

(1963) reported results different from this. Studies also showed that 

extractable myosin decreased gradually where as actin was unaffected for a 

long time during frozen storage (Connell, 1962). Creche et aI., (1998) has 

observed that in cod stores at -20°C, there was a loss of protein solubility 

than the fish stored at -30°C. In this study also, there is a significant loss of 

protein content for which, loss of soluble protein and NPN in drip during 

thawing is also to be taken into account. Between the two species studied, 
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needle squid showed lesser extractability of sarcoplasmic and myofibrillar 

fractions compared to loligo sp; thus explaining the high content of 

denatured protein fraction during the frozen storage period. 

The rate of survival of different types of faecal organisms like £-coli 

along with the normal flora in the frozen squid mantles has been studied. 

TPe showed a slight increase during storage, where as Coagulase positive 

staphylococci showed a gradual decrease. Towards 60 days of frozen 

storage their count dropped to nil and Salmonella and Vibrio sp were not 

detected in frozen samples. Similar observations were reported by Joseph et 

aI., (1977) in their study of iced and frozen stored squid (Loligo sp) 

5.6.Conclusion 

When compared with ice storage and chill storage, frozen storage 

could preserve the squid mantles for longer period. For onboard vessel in 

order to preserve the material before processing, most effective method is 

the freezing. The quality of individual lots of the different species of squid 

will vary considerably depending on the initial quality of the raw material. 

Their proper processing and preparation for freezing is very important. 

Squid mantles handled with Good Manufacturing Practices and with 

minimum contact with ice and water could retain its quality parameters 

during frozen storage. While chemical and physical changes in the proteins 

are primarily responsible for quality changes, the results of this study 

confirm the protein aggregation during frozen storage modifying the water

holding capacity and extractability of the proteins. This leads to the texture 

modification with less tenderness and development of undesirable flavours 

if the samples are frozen stored beyond the recommended period. 
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Chapter 6 

6.1. Introduction 

Owing to high ambient temperatures, post-mortem changes in fish 

captured from tropical regions occur more rapidly than in fish from 

temperate waters. Proper icing practices are fundamental to obtain high 

quality products. Freezing and frozen storage prolong the shelf life of 

seafood by retarding enzymatic and microbial activity. An alternative 

approach to extend the storage life of fish is, application of more than one 

treatment like addition of anti-microbial compounds, anti-oxidants, 

polyphosphates etc to improve the muscle quality. In the previous chapters, 

the effect of icing, super cooling, freezing and frozen storage as short term 

and long term preservative methods of two species of squids under study, 

Loligo species and Doryteuthis species and the importance of Good 

Manufacturing Practices, the processor has to adhere to, have been 

discussed. But it is important to have a better understanding of the effect of 

possible treatments in prolonging the frozen storage characteristics of the 

two species of squid. Hence a comparative study has been undertaken here 

with regard to the use of various treatments, and to recommend the most 

appropriate one to retain the physico-chemical, organoleptic and 

microbiological properties of the frozen product. 

6.2.Review of Literature 

Several work have been carried out on the effect of treatments on 

quality changes of different species of squid and other marine fishes during 

ice-storage and frozen storage. 
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6.2.1. Effect of Sodium Salts 

Sodium chloride treatment is widely used in cephalopod processing. 

The finnness of the meat was regained by the use of sodium salts, especially 

sodium chloride. Sodium salts play an anti-oxidative/anti-microbial role in 

the meat processing (Rhee et aI., 1997). The sensory quality was found to be 

increased when treated with sodium ascorbate, lactate and phosphate 

(Kulashekthra and Rhee, 1996). Hennigar (1988) studied the effect of 

washing and sodium chloride concentration on mechanical properties of fish 

muscle gel. NaCI is required to solubilise myofibrillar protein, which then 

repolymerise to form protein network responsible for the gel (Sakai, 1981). 

Chang et aI., (1995) studied the effect of sodium acetate on catfish fillet 

(Ictalurus punctatus). Matlock et aI., (1984) studied the increasing water 

holding capacity of salt treated sample through extraction of salt soluble 

protein and the enhanced juiciness of cooked meat. The texture of cooked 

mantle of squid (Illex argentinus) as influenced by the specimen 

characteristics and treatments was studied by Ilona et aI., (1987) 

The effect of salt in the range of 0% to 5% on the textural property of 

the minced squid product was studied by Pan et aI., (1979). He found that 

the maximal breaking force was found at a concentration of 3%-4% salt, and 

2.5% salt is the maximum concentration to give maximal elasticity. 

Scanning Electrons Microscopy (SEM) showed a structure of thread like 

bundles on mixing with salt for 10 minutes and prolonged mixing resulted 

In a cross linking network. It was suggested that uniformity and 

compactness of the protein matrix, played an important role in textural 

quality of minced fish product. 

127 



Chapter 6 

6.2.2. Treatment with Mild acid 

Treatment with 2% salt and 0.2% citric acid was found to improve the 

overall quality of cuttlefish fillet on frozen storage (Sophia and Sherief, 

2003). The NPN fraction and alpha amino nitrogen content were found to be 

higher in treated sample when compared to control and were 

organoleptically in good conditions up to 8 weeks of frozen storage. 

In addition to the use of acetic acid and acetates in anti-microbial 

preservation they are used as sequestrants, acidulants and flavouring agents. 

Spirit vinegar is made from distilled grain alcohol, which contained 4gms of 

acetic acid per 100ml (Desrosier, 1959). Six types of vinegar are recognised 

by USFDA and are cider, vine, malt, sugar, glucose and spirit vinegar 

(Furia, 1968). Acetic acid in the form of vinegar has been used in the food 

preservation since 5000B.C. (Lueck, 1980). The acid must penetrate the cell 

wall of microorganism and denature the protein. In order for acetic acid to 

accomplish this, it must be present in a concentration above 0.5% and acetic 

acid is 10 to 100 times powerful as preservative at a pH of 3.0 (Lueck, 

1980). Gelation of shark myofibrillar proteins by weak organic acids was 

studied using acetic acid, citric acid, tartaric acid and hydrochloric acid, in 

which the water formed gel associated with an increase in viscosity was 

formed, when the pH was lowered to 4.5 using acetic acid (Venugopal, 

1994). Venugopal et aI., (1995) also reported that a thermo stable gel was 

prepared from shark myofibrillar protein by reducing the pH to 4.0 using 

acetic acid. Addition of 1.5 to 2.5 % of NaCI showed significantly higher 

gel strength as gelation enhancers (Gomez guillen, 1996). Drop wise 

addition of glacial acetic acid resulted in its slow thickening due to gelation 

dependent on viscosity increase. In this study the proteins were precipitated 

128 



Treabnellts 

on heating the dispersion either by increasing the pH to 6.0 or addition of 

salts (Venugopal et ai., 1997). Venugopal et ai., (2002) and Venugopal 

(2003) studied the physico chemical and rheological characterization of gel 

from shark treated with mild acid. 

Anti microbial action of acetic acid on cut surface of apple slices was 

studied by Liao et ai., (2003) and reported that washing with a mixture of 

acetic acid and H20 2 was most effective in removing salmonella from apple 

discs. Acetic acid is generally recognised as safe and has been approved for 

use as a food additive (FDA, 1982). Dickson (1992) reported that washing 

beef tissue with 2% acetic acid reduced the number of Salmonella by 0.5 to 

0.8 logs. Similar effect of acetic acid on lamb carcass on reduction of 

bacterial count was also reported by Anderson et ai., (1988). Treatment of 

fruits or seeds with acetic acid or vinegar has also been shown to be effective 

in reducing fungal decays and food borne pathogens (Shilberg and Gaunce. 

1995; Pamell and Harris, 2003). The protection of quality loss by applying a 

fish protein glaze prepared by gelatin of fin protein by soaking in dilute acetic 

acid was studied by Kakatkar et ai., (2004) and Smruti et ai., (2004). 

Ascorbic acid treatment inhibited lipid oxidation and preserved the 

desirable odour in meat products (Boles and Parrish, 1990, Kulshrestha and 

Rhee, 1996, Rhee et ai., 1997). According to Selvaraj (1991), ascorbic acid 

treated squid (Loligo sp) sample was found to have improved quality and 

shelf life. Ascorbic acid treated sample developed no discolouration even 

after nine months of storing. Several studies showed that ascorbic acid 

treatment could improve the quality of seafood. 
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6.2.3. Treatment with Tripolyphosphates 

Pre-dip treatments ID sodium chloride (NaCl) or sodium 

tripolyphosphate (STPP) were found to reduce drip loss and maintain good 

quality of a number of species of fish during frozen storage (Kumta and 

Gore, 1970; Tanikava et aI., 1963). Sawant and Patange (2002) investigated 

the usefulness of tripolyphosphates in enhancing the sensory qualities, and 

retarding progression of rancidity in frozen mussels. Polyphosphates also 

sequester transition metal ions such as copper and Iron. These metal ions 

accelerate lipid oxidation, which leads to premature flavour deterioration. 

Phosphates have anti-microbial effect due to their ability to chelate metal 

ions, essential for microbial cell division (Davidson and Juneja, 1990). 

Although STPP had anti-microbial activity in laboratory culture media, its 

effect on microorganisms in meat products has been less conclusive (Molins 

et aI., 1984 and Venugopal et aI., 1984). STPP have no anti-microbial effect 

in temperature abused frozen raw ground beef (Molins et aI., 1987) and 

refrigerated raw pork containing salt (Choi et aI., 1987). Sodium 

tripolyphosphate in meat products increased water holding capacity and 

juiciness (MatJock et aI., 1984 and Molins et aI., 1991), prevented oxidative 

rancidity development (Choi et aI., 1987; and Stoick et aI., 1991) and 

showed anti bacterial effect. When judiciously applied to seafood, 

phosphate bind the inherent juices and to produce a tender juicy product 

(Henson and Karen, 1992). According to the author, the thaw - drip was 

reduced considerably in seafoods when dipped for two minutes in 12% 

STPP solution. 
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6.2.4. Effect of Cooking 

Since properties and reactions of proteins are involved in detennining 

the textural quality of cooked squid meat, composition and properties of the 

cooking medium (pH, ion composition, etc.) would also be needed to be 

detennined. The cooking medium should quickly gelatinise the tunics, 

which consists of connective tissues, and should prevent excessive moisture 

loss from the muscle fibres (Otwell and Hamann, 1979). According to these 

authors, squid should be cooked either very quickly, for example, by frying 

or sauteing for 2-3minutes, or be simmered in a stew or Studies showed that 

cooking yield was not always sensitive to small differences in WHC (Trout, 

1988). Cooking losses can also be influenced by the shape and size of the 

meat product, temperature profile cooking rate and pH. 

6.2.5. Effect of Pigmentation on quality 

Yellow, orange and violet - purple chromatophores are present on the 

body of squid and the chromatophores expand and contract in response to 

the ambient temperature, there by altering the colour of the body while 

swimming (Sugiyama et aI., 1980). The pigment is produced in the squid 

from tryptophan as the starting material, can be divided into two molecules 

ommin and ommatin, in which fonner is strong in alkali, and latter is weak 

in alkali (Vuillaume, 1969). The market value of squid is related to the 

contraction state of its epidennal chromatophores named omnochromes 

(Hinks, 1985). Improper storage and handling result in chromatophores 

disruption and red discolouration of the meat. 
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6.3.Materials and Methods 

Fresh samples of the two species of squid Loligo duvaucelii and 

Doryteuthis sibogae (needle squid) were used for the study. The dressed 

mantles were divided into 8 batches. In this study six methods were 

compared in order to find out the best treatment method. Additives were 

mixed in specific ratio to get a best combination. The systems used were 

a. Treatment control 

b. Citric acid 0.3% 

c. Citric acid 0.3% + Acetic acid 3% 

d. Acetic acid 3 % 

e. STPP 3% +Acetic acid 3% 

f. Ascorbic acid 0.3% 

g. Lime Juice 3% 

The above treatment media were mixed with NaCI (3% of the sample 

weight) and the sample was added along with ice in the ratio 1:2 and was 

kept at -1°C for 20 minutes with occasional stirring. 

Immediately after the treatment, samples were kept in ice without 

direct contact for three days and analysed for TMA-N, TVN, alpha amino 

nitrogen, Total protein content, protein fractions and microbiological 

parameters. The treatment control contained no additives except NaCI. 

Fresh samples of both species of squids at zero day were also analysed for 

comparison of results. Samples were then taken for freezing and the 

biochemical, physico-chemical and organoleptic changes were studied for 

120 days of frozen storage at an interval of30 days. 
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Samples weighing approximately 2g were packed water tight in 

aluminium foil, and immersed in a constant temperature water bath and 

cooked at different temperatures (4SDC, SODC, 60DC, 70DC, 80DC, 90DC and 

lOODC) as per the method of Paul, et aI., (1966). The time required for the 

samples to reach the temperature of the water bath averaged 3 minutes and 

afterwards heated for 1 minute. These samples were organoleptically 

assessed for optimum temperature, which retained the best qualities, by six 

trained panellists on the basis of colour, appearance, texture and flavour, 

using a 10-point hedonic scale. The pH of the samples were also checked. 

Treatment and analyses were done in triplicate. 

6.3.1. Statistical analysis 

Two-factor ANOVA was employed to compare the effect of each 

parameter like TMA-N, TVN, alpha amino nitrogen, leaching of protein, 

various fractions of proteins and TPC, between species and between 

treatments. 

Mathematical model employed for the study was as follows: 

Xij = J.! + U; + ~j + Eij 

Where, Xij is the observed value corresponding to the ith speCIes on 

j'h day of storage. J.! is the overall effect, U; is the effect of ith species and ~j 

is the effect of j'h day of storage and epsilon ij (E;j) is the random error. 

The comparison of parameters between species and treatment was 

done for treatment study; X;j is the value obtained corresponding to ith 

species on j'h treatment. J.! is the overall effect, U; is the effect of ith species 

and ~j effect of jth treatment, Eij random error. 
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6.4.Results 

6.4.1. Total volatile bases 

6.4.1.1. Total Volatile Nitrogen 
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Figure 6.1.Effect of various treatments on TVN content 

A-Control 

D-Acetic acid alone 

F-Ascorbic acid 

B-Citric acid C-Acetic acid citric acid mixture 

E-STPP acetic acid mixture 

G-Lime Juice 

Figure 6.1 gives TVN content during various treatments where the 

trend was similar to TMA-N. Here also sample D showed the least content 

ofTVN, (Ioligo 11.2mg% and needle 14mg%). The second best was sample 

C. Appendix F.l. revealed the ANOVA of TVN content. There was a 

significant difference (p<O.OOI) between both species and treatments. 
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6.4.1.2. Trimethylamine 
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Figure 6.2. Effect of various treatments on TMA-N content 

Figure 6.2 gives the TMA content during various treatments and 

ANOVA table of TMA changes is given in Appendix F.2. There was a 

significant difference between species and between treatments (p<0 .00 1 ). 

Similar trend in the changes of TMA-N due to various treatments was 

observed in both the species, with needle showing slightly higher value than 

loligo. The TMA-N content for the control group (without treatment) 

reached a high value of 7.7mg% andl1.2mg% in loligo and needle 

respectively. Minimum value was shown in the sample D, loligo showed 

2.8mg% and needle showed 4.2mg%. All the samples were kept chilled 

with GMP. The next lower value ofTMA was shown with sample C. 
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6.4.2. Alpha amino nitrogen 

120 -

;!! 100 -
Cl 
E 
C 80 
GO 
C o 
<> 60 c ... 
Cl 

e 40 -= c 
'2 
'E .. .. 
..c: 
Co cc 

20 

o 
A B c o E F G 

Treatments = Before treatment loligo = Before treatment needle 

_ loligo .-•. ~ needle 

Figure 6.2.Effect of various treatments on alpha amino nitrogen content 

Figure 6.3.shows the changes in alpha amino nitrogen content of both 

the species of squid with various treatments. Here the sample E showed the 

highest value of alpha amino nitrogen (loligo 98mg% and needle 77mg%). 

Sample D showed only 56mg% and 42mg% in loligo and needle squid 

respectively and among the treatments sample G showed the maximum 

leaching rate with alpha amino nitrogen content reaching 19.6mg% in loligo 

andl4mg% in needle squid. In sample A, where there was no treatment, the 

value reached 14mg% and 8.4mg% for loligo and needle respectively. There 

was a significant difference (Appendix F.3.) between species (p<O.Ol) and 

treatments (p<O.OO I). 
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6.4.3. Protein loss 

Table 6.1. % of protein retained during various treatments 

Needle Loligo 

1 2 3 4 5 1 2 3 

B.T. 20.75 11.7 8.22 0.04 0.93 19.75 11.65 7.22 

A 9.46 6.23 11.26 1.4 0.8 10.43 8.51 9.51 

% 45.6 30.0 54.3 6.7 3.9 52.8 43.1 48.2 

B 12.75 10.54 8.42 1.5 1.1 13.42 12.17 6.43 

% 61.4 50.8 40.6 7.2 5.3 67.9 61.6 32.6 

C 15.27 12.14 7.21 1.67 1.17 16.63 13.52 6.32 

% 73.6 58.5 34.7 8.0 5.6 84.2 68.5 32.0 

D 15.97 13.22 5.97 1.7 1.18 17.44 15.71 3.85 

% 77.0 63.7 28.8 8.2 5.7 88.3 79.5 19.5 

E 16.83 15.83 3.43 1.8 1.14 18.91 16.67 3.27 

% 81.1 76.3 I 16.5 8.7 5.5 95.7 84.4 16.6 
, 

F 11.1 12.17 7.01 1.65 1.2 13.28 13.44 6.62 

% 53.5 58.7 33.8 8.0 5.8 67.2 68.1 33.5 

G 10.11 9.43 1 9.27 1.45 1.6 12.78 11.68 7.68 

% 48.7 45.4 44.7 7.0 7.7 64.7 59.1 38.9 

B.T. Before Treatment, 1- Total Protein, 2-Sarcoplasmic Protein, 

3-Myofibrillar Protein, 4-Denatured protein, 5-Stroma Protein 

Treatllleuts 

4 5 

0.08 1.3 

1.13 0.9 

5.7 4.6 

1.23 1.11 

6.2 5.6 

1.27 1.15 

6.4 5.8 

1.4 1.2 

7.1 6.1 

1.45 1.13 

7.3 5.7 

1.32 1.1 

6.7 5.6 

1.27 1.16 

6.4 5.9 

Table 6.1. gives the leaching rate of the protein as a result of various 

treatments and the % of retained protein was calculated using the formula 

Protein content in each fraction xl 00 

Total protein (B.T.) 
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Sample E provided the best result in retaining the protein content 

(95% and 81 % in loligo and needle squid). Sample D could hold 82% 

protein in loligo and 78% in needle squid. But in sample A, about 51 % of 

the total protein was leached out in loligo and 54% in needle. Appendix F.4. 

shows that there was a significant difference between species and treatments 

(p<O.OOI). Between treatments, sample E showed a significantly higher 

value of protein while untreated sample showed the lowest value. 

Maximum retention of sarcoplasmic protein was found in sample E 

followed by sample D. The LSD was calculated for treatments as 1.06. 

Appendix F.5. shows a significant difference in the sarcoplasmic protein 

between species and treatments (p<O.OOI). Among species, needle showed a 

higher rate ofleaching when compared to loligo. 

Here the sample E showed the least extractability of myofibrillar 

protein followed by sample D. Appendix F.7.6. shows there was significant 

difference myofibrillar proteins extractability between species and 

treatments (p<O.OOI). 

Maximum denatured protein was found in sample E. Denaturation was 

mmlmum in control (zero time). Sample D also showed high level of 

denatured protein. Appendix F. 7. shows a significant difference of 

denatured proteins between species and treatments (p<O.OOl). 

With regard to stroma proteins, sample E in loligo showed maximum 

retention, while in needle squid sample D showed the maximum retention. 

There was no significant difference between species; while between 

treatments there was significant difference (p<O.OOI, Appendix F.8.). 

Minimum value of stroma protein was found in treatment control (Al. 
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6.4.4. Bacteriology 

Table 6.2.Changes in total plate count during various treatments. 

Loligo Needle 

A l.79XlO' 2.2XIO' 

B 2.8XI04 3.3X104 

C 1.2XI04 1.5X104 

D 1.5X104 1.7X104 

E 1.8X104 1.9X104 

F 1.75XI04 2.01X104 

G 2X104 2.4XI04 

Table 6.2. shows changes in Total Plate Count (TPC) in samples after 

various treatments. Here sample C showed maximum reduction in the 

bacterial count. The second best treatment system was sample D alone, 

which could reduce the bacterial count to 10%. Appendix F.9. gave 

significant difference between species and treatments (p<O.OOI). 

6.4.5. Organoleptic quality 

Table 6.3. Organoleptic Quality changes and pH during various treatment systems 

pH washed Flavour colour Texture 

Loligo A 7 7.3 P Pink Flabby 

Needle A' 7.3 7.5 P Pink Flabby 

Loligo B 6 6 G W Soft 

Needle B' 6.3 6.3 G W Soft 

Loligo C 4 4.4 G W Soft-Firm 

Needle C' 4.2 4.5 G W Soft-Firm 

Loligo D 4.6 4.8 E W Soft-Firm 

Needle D' 4.8 5.1 E W Soft-Firm 

Loligo E 4.9 5.3 S SP Soft 

Needle E' 6 6.2 S SP Soft 

Loligo F 6.4 6.7 P SP Soft 

Needle F' 6.8 7 P SP Flabbv 

Loligo G 6.5 6.8 P SP Flabby 

Needle G' 7 7.3 P SP Flabby 
Flavour/Odour: P-Poor, G-Good, E-Excellent, S-SatJsfactory 
Colour: W-White, SP-Slight Pink 

Odour grade 

P 4 

P 3 

G 7 

G 7 

G 6 

G 6 

E 8 

E 8 

S 6.5 
S 6.5 

P 5 

P 4 

P 4.5 

P 3.5 
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Table 6.3. describes the organoleptic quality and the pH of the mantle 

after various treatment systems. The pH of sample D was about 4.6 to 4.S 

whereas in the treatment media pH was 4.2. In the case of sample e the pH 

was below 4 and developed a severe sour taste creating an unpleasant 

flavour when cooked. 

In table 6.4. the organoleptic quality of both the species in cooking at 

various temperatures is shown. The sample E was very tough and rubbery 

after cooking. The cooking temperature was optimised for 1 minute at 70oe. 
The temperature more than 700 e gave a yellowish colour to the product and 

a slightly tougher texture, which in turn gave the panel members a dislike 

while tasting it. 

6.4.5.1. Cooking 

Table 6.4. Organoleptic Quality changes and pH during various 

treatment systems after cooking at different temperatures 

45°e 500 e 600 e 700 e sooe 900 e 100°C 

Loligo A 5 5 5 6 4 3 3 

Needle A' 5 5 5 5.5 4 3 3 

Loligo B 6 6.5 7 7.5 7 7 6.5 

Needle B' 6 6.5 7 7.5 7 7 6.5 

Loligo e 6 6.5 6.5 , 7.5 7 7 6 

Needle C' 6 6.5 6.5 7.8 7.5 7 6.5 

Loligo D 6.5 7 7.5 8 7.5 7.5 7 

Needle D' 6.5 7 7.5 8 7.5 7.5 7 

Loligo E 4.5 5.5 5 6 5 4 4 

Needle E' 4.5 5 5 6 4.5 3 3 

Loligo F 5 5.5 5.5 I 6 5.5 5.5 5 

Needle F' 5 5.5 5.5 6 5.5 5.5 5 

Loligo G 5 5.5 5 6.2 I 4.5 4 4 , 
Needle G' 5 5 5 5.8 4.5 3 3 
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Treatments 

The sample D cooked at 70°C gave a juicy, soft and finn texture and a 

mixed sweet and sour taste. This was ranked best by all the panel members. 

The needle squid developed a pink discolouration on sample E and was 

organolepticaly graded unacceptable. 

6.4.6. Frozen Storage 

6.4.6.1. Total volatile nitrogen 
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Figure 6.4. Changes of TVN of needle squid on frozen 

storage of treated samples 

A-Control C-Acetic acid citric acid mixture 

B-Acetic acid alone D-STPP acetic acid mixture 

E-Ascorbic acid F-Lime Juice 
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A B C D

Treatments

E F

o O days 0 30 days ® 60 days ® 90 days O 120 days

Figure 6 .5. Changes of TVN of loligo squid on frozen
storage of treated samples

Figure 6.4 and 6.5 reveal the changes of TVBN during frozen storage

after various treatments. Even though there was no much noticeable

difference in the TVBN content in the sample of both the species of squid

sample B showed lowest content among all the samples.

6.4.6.2. Trimethylamine
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Figure 6 .6. Changes of TMA of needle squid on frozen

storage of treated samples
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Figure 6.5. Changes of TVN of loligo squid on frozen 
storage of treated samples 

Figure 6.4 and 6.5 reveal the changes of TVBN during frozen storage 

after various treatments. Even though there was no much noticeable 

difference in the TVBN content in the sample of both the species of squid 

sample B showed lowest content among all the samples. 

6.4.6.2. Trimethylamine 
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Treatments 

Figure 6.6 and 6.7 show the changes in TMA content of loligo squid 

on frozen storage of treated sample, where sample B showed a minimum 

TMA value throughout the storage period (below permissible limit -.Loligo-

5.6 & Needle squid -7). Sample B showed better results than other 

treatments. The sample D and F exceeded the limit after 120 days of 

storage, which was almost same as the control. Citric acid treatment was 

avoided in the further studies as it showed an inferior quality. 

6.4.7. Alpha amino nitrogen 

Alpha amino nitrogen content showed a maximum rate (180 in needle and 

140 in loligo) in the sample D, while sample A showed maximum rate of 

leaching during treatments (Figure 6.8. and 6.9). 
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6.4.8. Protein
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Figure 6 .8. Changes of alpha amino nitrogen of needle squid

on frozen storage of treated samples
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Figure 6 .9. Changes of alpha amino nitrogen of loligo squid on

frozen storage of treated samples
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6.4.8. Protein loss 

The leaching of protein was found to be low in sample B (19.71 to 

17.2 in needle squid and 20.71 to 18.53 in loligo) as well as in sample D 

(19.71 to 18.23 in needle squid and 20.71 to 19.23 in loligo). The 

sarcoplasmic proteins were found to be comparatively stable during freezing 

and frozen storage (needle squid-l 1.4 to 10.4 and 10Iigo-Il.91 to 10.32), but 

the myofibrillar protein content reduced considerably and the denatured 

protein content increased. The leaching rate was higher in needle squid than 

loligo. There was a decrease in toughness at temperatures below 1000 e 

6.S.Discussions 

(Otwell & Hamann, 1979b) and heating at 60-80oe could result in the 

softening of the meat and in retaining the juiciness of the product. Such 

temperatures are widely applied in cooking tender muscles to avoid severe 

toughness (Bykowski & Kolodziejski, 1985). These findings agree with the 

results of this study, in which cooking temperature of 700 e produced 

products with highest organoleptic score. According to Stanley and Hultin 

(1982) significant changes in texture of the squid mantle took place only 

during the first 8 minutes of the cooking. The cooking times in excess of 

five minutes would limit the advantage of heat tenderisation by decreasing 

the mantle moisture (Otwell and Hamann, 1979a). Otwell and Hamann 

(1979b) suggested the application of a cooked medium best suited to rapidly 

gelatinise the tunics of connective tissue in squid to produce tender product. 

The pH of rabbit muscle tissue increased while cooking. The tenderness of 

the meat between 65°e -75°e was mainly due to the changes in myofibrillar 

protein (Paul et ai., 1966). The squid (Loligo duvaucelii) treated with 0.5% 
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ascorbic acid for 10 minutes found to improve the quality and shelf life 

when compared to the control (Selvaraj et al., 1991). The thaw drip 

increased gradually on cooking, which may be due to the protein 

denaturation and consequent decrease in water holding capacity (Joseph et 

aI., 1985). Sodium acetate treated sample of cat fish fillet resembled the 

order and appearance of the fresh fillet up to six days and, could reduce the 

bacterial load to a great extent (Chang et al., (1995). Effect of NaCI in the 

range 0.1 % to 5% on the textural property of minced squid meat showed 

that 2.5% gave the maximum elasticity and, prolonged mixing resulted in a 

cross linking network, Uniformity and compactness of protein matrix played 

an important role in the textural quality. 

The findings of this study confirms that a dip treatment with dilute 

acetic acid could retain the sarcoplasmic and myofibrillar fractions of 

proteins in both loligo and needle squid which otherwise get leached out 

(control). On cooking also, acetic acid treated samples were organoleptically 

ranked highest. 

Venugopal et al., (1997) prepared a stable gel from shark myofibrillar 

proteins by reducing pH to 4.0 by acetic acid. The stability of the protein in 

dispersion was dependent on the pH. In the presence of acetic acid, the 

positively charged protein molecules may repel among themselves and 

cause solublisation, to form a stable gel without any aggregation and 

precipitation. In the presence of acetic acid, myosin heavy chain could 

breakdown with the formation of a fragment having molecular weight 

160kDa (Chawla et al., 1995). The repUlsion between protein molecules at 

low pH can be so strong as to hold the proteins in solution even at high 
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temperatures of cooking. The microbial count in the acetic acid treated 

sample was considerably lowered due to its antimicrobial action. 

Tripolyphosphates act on skeletal muscle proteins and can split 

actomysoin complex into extract myosin. Extracted myosin binds water and 

this helps to retain water-soluble proteins, minerals and vitamins and natural 

juices of seafood. Thus, this imparts a favourable effect in the texture and 

flavour. Here though STPP acetic acid mixture treatment showed the highest 

retention of proteins, cooking resulted in the development of a rubbery, 

gelled texture. Also, STPP acetic acid mixture treatment develops a pink 

discolouration in needle squid on storage. This may be due to the structural 

deterioration of the Omnochrome membrane in alkaline pH leading to 

bleeding of pigments, which downgrades the quality of the product. It is 

interesting that this type of discolouration was not prominent in loligo 

species during STPP treatment. Compared to the other four treatments used 

in this study namely citric acid, acetic acid + citric acid, ascorbic acid and 

limejuice which are being commonly used in the seafood industry, the 

Acetic acid treatment is most acceptable for extending the quality of chilled 

stored mantle tissue before going for freezing. 

6.6. Conclusion 

Due to highly perishable nature of squid and squid products, various 

processes have been developed for shelf life extension of the mantle tissue. 

Chilling alone has limitation in extension of shelf life. But combination of 

chilling with other treatments with permitted food additives, as single or in 

mixtures, has been applied to further augment the shelf life. Treatment with 

acetic acid showed the best chemical and microbial characteristics, like high 
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retention of total proteins, sarcoplasmic proteins and myofibrillar proteins, 

in both the species of squid. On cooking at 70°C, the acetic acid treated 

mantles showed best organoleptical quality while STPP treated samples 

developed a rubbery gelled texture. Even though STPP treated samples 

showed maximum protein retention, during storage they developed a pink 

discolouration in needle squid. Compared to the other four treatments 

namely citric acid, citric acid + acetic acid, ascorbic acid and lime juice, 

which are being used in the seafood industry, the acetic acid treatment is 

most acceptable for extending the quality of chilled stored mantle tissue 

before going for freezing. Other aspects of the treatment like tissue protease 

activity, lysosomal activity and pattern of protein by SDS-PAGE will be 

dealt in detail in the proceeding Chapters. 
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7.1.Introduction 

Sodium dodecyl polyacrylamide gel electrophoresis (SDS-P AGE) is 

probably the most widely used technique for analyzing mixtures of proteins 

with a high resolving power. With SDS, an ionic detergent, proteins loose 

their individual charges and a net negative charge is formed due to 

complexing of SDS with protein. The update of detergent is the same per 

unit mass (l.4g SDS per gm of protein) for all proteins and hence the 

mobility on electrophoresis is proportional to the molecular mass. 

Depending upon the size of the proteins to be separated, the concentration of 

acrylamide is selected to optimize the sieving effect. In addition, a stacking 

gel of low acrylamide concentration allows rapid movement of the sample 

to the top of the separating gel in the form of a narrow zone of proteins. 

From the previous Chapters, significant differences in the various 

fractions of proteins in the two species of squid under study, during different 

methods of preservation were reported. In this study, a detailed investigation of 

the electrophoretic protein profile (SDS-PAGE) in samples during iced, chilled 

and frozen storage and after different treatments is attempted. The loss in 

protein functionality can be attributed to proteolytic degradation, loss of 

proteins by leaching or protein denaturation, leading to aggregation of proteins. 

7.2. Review of literature 

The electrophoretic pattern of squid Ommastrephes sloani pacificus 

actomyosin and myosin were carried out by several workers Matsumotto 

(1959), Tsuchiya et aI., (1978). The reliability of molecular weight 

determination by SDS -PAGE was studied by Weber and Osborn (1969). 

According to Connell (1965), the cold stored cod fillet cod proteins 
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dissolved easily in 1% SDS, but the technique of room temperature 

solubilization overnight was found unsuitable due to bacterial growth. 

Analysis of protein by Sodium dodecyl sulphate (SDS) Polyacrylamide gel 

electrophoresis on squid Ommastrephes sloani pacificus was done by Sakai 

and Matsumotto (1981), where the whole extract of the squid mantle was 

incubated at various pH for the study. The basic experimental details were 

followed according to Laemmli (1970). The analysis of salt soluble protein 

fraction of cod muscle by gel electrophoresis was done by Ohnishi and 

Rodger (1979). Connell et aI., (1978) studied the changes in proteins during 

frozen storage of cod meat as detected by SDS-PAGE. 

Mackie (1979) has reviewed some recent application of electrophoresis 

and iso-electric focusing in the identification of species of fish and fish 

products. It is reasonable to claim that the various electrophoretic techniques 

are the most reliable method for identifYing the species (Mackie, 1969; Morel, 

1977). Hume and Mackie, (1979) investigated the use of electrophoresis of 

water soluble muscle proteins in the quantitative analysis of the species 

components of a fish mince mixture. Attempts have been made to apply 

quantitatively, to the detection and estimation of Soy bean proteins in cooked 

meat products (Penny and Hofmann, 1971; Llewellyn and Flaherty, 1976). 

The electrophoretic study to identifY cod and saithe from a mixture was 

carried out by Mackie (1979). Ohnishi and Rodger (1979) have studied the 

effect of formaldehyde at different ionic strength on the salt soluble proteins 

of fish muscle using PAGE. 

The electrophoretic profile of squid meat showed three major bands of 

myosin heavy chain (MHC), paramyosin and globular actin having 

molecular weights 200, 95 and 42 kDa respectively (Collignan and Montet, 
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1998). The disappearance of myosin heavy chain was observed in mild acid 

treated samples of surimi (Venugopal, 2003). According to this study, the 

acid-induced gelation of threadfin bream resulted in disappearance of MHC 

and appearance of a protein band of about 186 kDa. 

Solubility of the gel in various solvents containing SDS, urea and ~

mercapto-ethanol suggested the structural changes in the proteins during 

gelation. Westenneier (1982) has explained the various types of 

electrophoretic method in practice. Many authors have explained the various 

problems and the remedies for trouble shooting in SDS PAGE (Smith, 1994; 

Walker, 1994). 

7.3. Materials and Methods 

7.3.1. Sampling method 

The samples selected include Loligo duaucelii and Doryteuthis 

sibogae kept under different conditions. 

A. Fresh samples- Extraction carried out with different extraction media 

~ Distilled water, 

~ Borate Buffer 0.2 M, pH 7.5 

~ Phosphate Buffer 0.2M, pH 6.5. 

B. Samples under ice stage by three methods (Chapter 3- 3.3). 

~ With GMP and with out direct contact with ice and water. 

~ WithGMP 

~ Without GMP 

Sampling was done at first day and eighth day of ice storage. 
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C. Samples under super cooling by two methods (Chapter 4- 4.3.1.) 

D. Samples at various processing steps (Chapter 4- 4.3) 

~ Before treatment. 

~ After treatment. 

~ Before freezing. 

~ After freezing. 

~ After 24 hours frozen storage. 

E. Samples under frozen storage (Chapter 5 -5.3). sampling done at 

~ 30 days 

~ 60 days 

~ 90 days 

~ 120 days 

~ 180 days of storage. 

F. Samples after various treatments (Chapter 6- 6.3) 

~ Treatment Control 

~ Acetic acid 

~ Acetic acid +citric acid 

~ Acetic acid + STPP 

~ Ascorbic acid 

~ Lime Juice 

7.3.2. Preparation of aqueous extract 

Sample (lg) was homogenized in a high-speed homogenizer with 20 

volumes of cold distilled water at 4 QC. After centrifugation of the 

homogenate at 5000 X G for 20 minutes, the supernatant was diluted in the 

ratio 1:4 with the sample buffer containing SDS (anionic detergent), 
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Mercaptoethanol, bromophenol blue dye and glycerol and heated at 100°C 

for 1 minute. 

SDS -PAGE was performed by the method of Laemelii (1970) using 10% 

separating gel and 4% stacking polyacrylamide gel. Gels were stained with 

Coommassie brilliant blue R-2S0. The detailed procedure is as given below. 

7.3.3.Reagents and gel preparation of SDS - PAGE 

y Stock solutions 

160 

a. Acrylamide Ibis (30% T, 2.67% C) 

87.6gms acrylamide (29.2g1100ml) 

2.4gofN'N' -bis-methylene-acrylamide (0.8g1100ml) 

Made up to 300ml of solution with deionised water. Filtered and 

stored at 4°C in dark. 

b. I.SM Tris - HCl buffer (pH 8.8) 

27.23g of Tris base (18.1SglI00ml) in 80ml of de ionized water 

Adjusted to pH 8.8 with 6N HC!. Made up to IS0ml with 

deionised water and stored at 4°C. 

c. O.SM Tris HCl pH 6.8 

6g Tris base in 60ml-deionised water 

Adjusted to pH 6.8 with 6N HC!. Made up to 200ml with 

deionised water and stored at 4°C. 

d. 10% SDS. 

Dissolved 109 of SDS in 90ml with gentle stirring and brought to 

100ml with distilled water. 
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e. Sample buffer (SDS reducing buffer). Mix the following and 

stored at room temperature 

Deionised water 3.S ml 

O.SM Tris-HC1, pH 6.S 1.0 ml 

Glycerol O.Sml 

10% (w/v) SDS 1.6 ml 

2-mercaptoethanol 0.4 ml 

1 % (w/v) bromophenol blue 0.4 ml 

Diluted the sample with the sample buffer in the rationl:4 and 

heated at 9SoC for 4 minutes. 

f. S X electrode (running buffer) pH S.3 

Tris base 

Glycine 

SDS 

9.0 g 

43.2 g 

3.0 g 

Dissolved in 600ml of deionised water. 

Stored at 4oC. Warmed to room temperature before use if 

precipitation occurs. Diluted 60ml S X stock with 240ml 

deionised water. 

~ Separating gel preparation 

During this study, the gel strengths 7.S%, 10% and 12% were tried 

and 10% gel was accepted for the best results. 

Deionised water 

I.SM Tris HCl buffer (pHS.S) 

10% SDS stock 

Acrylamidel Bis (30% stock) 

4.1ml 

2.Sml 

100111 

3.2Sml 

(This mixture was degassed for IS minutes at room temperature) 
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10% ammonium per sulphate (fresh daily) 50111 

TEMED (NNN'N' -Tetramethylethylenediamine) 5 III 

~ Stacking gel preparation (4%) 

Deionised water 

1.5M Tris Hel (pH8.8) 

10% SDS stock 

Acrylamide IBis (30% stock) 

6.1 ml 

2.5 ml 

100.0 III 

1.33 ml 

(This mixture was degassed for 15 minutes at room temperature) 

10% ammonium per sulphate (fresh daily) 50111 

TEMED 10111 

~ Destaining solvent 

Prepared by mixing methanol and glacial acetic acid and distilled 

water in the ratio (1: 1.5: 17.5). 

7.3.4.Gel Preparation 

The acrylamide mixture was polymerized in glass tubes usually with an 

internal diameter of 5mm and 7-1 Ocm long. The bottom ends of the tubes were 

temporarily sealed before introducing the gel solution usually. The tubes were 

put vertically into a rack and separating gel solution was introduced into each 

tube with a syringe or pasteur pipette. Within 5 minutes the top layer was 

sealed with water. This water level reduces the surface tension forces at the top 

and gives a flat surface. After polymerization of separating gel, a small amount 

of stacking gel was added to the top and sealed with water as explained above. 

The gel tube were inserted into the grommets of the upper buffer tank and 

placed over the lower buffer tank containing the electrode buffer. Electrode 

buffer was also added to the upper buffer tank. 

162 



SDS-PAGE 

50111 of the sample was applied to the top of the gel tube using syringe 

or pasteur pipette. Upper buffer tank was closed with a lid and electrical 

connections were made. The power pack was adjusted to pass current at 

3mNgel tube for half the run. Then the power was increased so as to get 

4mNtube till the end of the run denoted by the tracker dye. The gel from 

each tube was removed after switching off the power. 

Before staining, gel was prefixed with 10% TCA for half an hour 

(Andrews, 1986). Then the gel was transferred to the staining solution of 

Coomassie blue R250 in ethanol and water mixture. The staining process 

was being carried out overnight and the gels were transferred into destaining 

solution. Photographs of the electropherograms were taken. 

PAGE of whole extract (WE) of fresh raw sample of both the species 

was also carried out simultaneously for comparison. Two standards (Broad 

range and Short range) as protein markers were also run simultaneously to 

compare the molecular weights. 

Protein markers used for the study 

SI.No. Name of the protein Molecular weight kDa 
I. Myosin 205 

2. Phosporylase b 97.4 

3. BSA Bovine serum albumin 66 

4. Ovalbumin 43 
5. Carbonic anhydrase 29 

6. Soybean trypsin inhibitor 20.1 

7. Lysozyme 14.3 

8. Aprotinin 6.5 

9. Insulin 3.0 
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7.4. Results 

A preliminary experiment was conducted to investigate the protein 

solubility in three extracting media: water, borate buffer and phosphate buffer. 

The electrophoretic pattern of the protein extracted in the two species Loligo 

duaucelii and Doryteuthis sibogae (needle squid) are shown in plate 3. 

In both the species, water extraction showed the maximum number of 

protein bands having molecular weights in the range 200 kDa to 29 kDa. 

Distinct differences in the number and the intensity of the bands were 

observed between the two species of squid. In needle squid, the high 

molecular weight proteins (200 kDa - 50 kDa) pattern were similar in all the 

three extraction media, while in loligo the number of bands extracted in this 

range showed difference. Moreover, borate buffer could not extract low 

molecular weight proteins. 

The electrphoretic protein profiles of ice-stored sample of loligo and 

needle squid kept under three methods of storage are shown in plate 4. 

Samples of both the species iced under ideal conditions (with GMP and 

without direct contact with ice), retained the protein bands even after 8 days 

of ice-storage. But sample with GMP with direct contact with ice (lanes 3 and 

4 for loligo and 9 and 10 for needle) showed lesser bands after 8 days of ice 

storage, with needle showing more leaching. In samples without GMP (Lane 

5 and 6 for loligo and 11 and 12 for needle) the protein bands were less and 

after 8 days storage only few faint bands were visible, with needle showing a 

faint band of actin. In all the cases MHC (myosin heavy chain) bands 

gradually became faint, with MLC (myosin light chain) becoming prominent 

in the first two methods of storage. In needle squid one or two bands in 43 
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SDS-PAGE 

kDa ranges were visible which might due to the actin component. Bands 

corresponding to paramyosin (98 kDa) were visible in all methods of storage 

in loligo, but only in the ideal method for ones in needle squid. 

Changes in electrophoretic protein profile during super cooling of 

loligo and needle are shown in Plate 5. In this, one set of storage was with 

GMP and the other without GMP, both in direct contact with ice. In both the 

methods, most of the protein bands disappeared by 8days of storage in both 

species of squids. Here also, as in the case of ice storage, needle squid 

showed bands at 43kDa. 

Plate 6 shows the differences in the protein profile of loligo and 

needle squid sampled at various steps during processing. Here also gradual 

disappearance of bands was observed. In needle squid, band corresponding 

to actin was extracted into the water in all the steps, A prominent band at 

29kDa, (probably MLC) was seen in loligo till the stage before freezing, 

while in needle, the corresponding protein was not visible after the 

treatment. 

During frozen storage, number of protein bands in loligo and needle 

squid (Plate 7) becomes feeble and lesser in number as the frozen storage 

advanced. On the 30th day of frozen storage, the MHC band was fainter than 

that of squid muscle super cooled for one day, this could be due to the freeze 

induced aggregation of MHC and hence lesser extraction into soluble 

medium. New bands around 90kDa seen in loligo squid may be product of 

proteolysis. Paramyosin (98kDa) band was visible in frozen stored loligo 

squid. A distinct species-difference in the pattern of protein profile was 

visible during frozen storage. In needle squid, MHC and bands around 90-

98kDa were totally absent. The component actin was found to be stable in 
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needle squid during frozen storage days. In all the days of frozen storage, 

the sarcoplasmic protein (around 3.SkDa) retained the same intensity. 

Plate 8 and 9 show the protein profile of soluble extract from loligo 

and needle respectively after various treatments. Visible differences in the 

number and intensity of bands were observed between different treatments. 

In acetic acid treatment sample, very feeble bands were visible, with needle 

showing more number of protein bands compared to loligo squid. In all 

other treatments in needle squid, a shift in the position of protein bands from 

untreated raw sample was observed, may be due to the different degree of 

proteolytic activity. 

7.5. Discussions 

As with all contractile muscle, fish flesh contains three main groups of 

proteins, the sarcoplasmic or water-soluble proteins, the myofibrillar and the 

connective tissue proteins, which are readily separated by fractional 

extraction technique with water and salt solutions. Sarcoplasmic proteins are 

of low molecular weight (40-60kDa) is readily extractable with water. The 

unique nature of sarcoplasmic proteins of each species is such that the 

electrophoretic profile can be used for species identification (Mackie, 1969). 

During iced and chill storage changes, in the composition of sarcoplasmic 

proteins may occur as a consequence of proteolysis by endogenous or 

bacterial enzymes. In addition, proteins can be leached out by melting ice. 

But sarcoplasmic proteins are established to be more resistant to denatuarion 

during frozen storage, compared with myofibrillar proteins (Mackie, 1979). 

Myofibrillar proteins consist of thick and fine filaments running in the 

longitudinal axial direction in the oblique muscle myofibrils of squid. The 
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thick filaments contain myosin and fine filaments contain F-actin, G-actin 

and tropomyosin. Thus, the myofibrils of squid act in the same way as 

vertebrate skeletal muscles. However, the thick filaments of squid have a 

core of paramyosin which is a protein unique to invertebrates, the filaments 

are thicker and longer in vertebrates. 

The molecular weight of myosin in T pacificus was approximately 

450 kDa and composed of heavy chains of 180 kDa to 200 kDa. It is similar 

to that of vertebrates such as fish and rabbit. While three types of light 

chains are seen in vertebrates, only two types are seen in squid, Tpacificus. 

The major constituent of thin filament is G- Actin and in T pacificus, G 

actin had a molecular weight of 43 kDa (Tsuchiya et aI., 1977) 

Paramyosin is a specific protein of invertebrates. This protein exhibits 

the highest content after myosin and actin in myofibril protein in Tadarodes 

pacificus. It is composed of two subunits with molecular weight (98 kDa), 

which was similar to that in shellfish, clams and scallops, and other 

invertebrates like horseshoe crab, sea urchin and insects. Tropomyosin of 

Tpacificus is composed of two different subunits with a molecular weight 

of37 kDa to 35 kDa. 

According to Collignan and Montet (1998) the profile obtained for 

unprocessed broad tail short finned squid showed three major bands, which 

consists of myosin, paramyosin and actin ranging from 205 kDa to 42 kDa. 

According to Konno and Fukazawa (1993), squid mantle consists of myosin 

heavy chain (a -band) b & c band corresponding to the protein with 

molecular weight around 95 and 42 kDa respectively. Sakai and Matsumotto 

(1981) had previously noted the instability of myosin, which is the target of 

enzymes that are active at neutral pH and room temperature. 
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According to Matsumoto (1958), nearly 85% of the total protein in 

squid muscle could be solubilized with distilled water by exhaustive 

extraction with water. The result of this study is fully agreeing with this 

finding and observed the solubility of proteins is maximum in water when 

compared with other media. Almost all the proteins were extracted using 

water in both the species. 

During ice storage, composition of sarcoplasmic protein may change 

as a consequence of proteolysis by endogenous and bacterial enzymes. In 

addition, protein can be leached out by melting ice (Mackie, 1979). The 

effect of ice storage in this study on the solubility of proteins has shown a 

similar trend in the case of samples with direct contact with ice. The non

protein nitrogen also showed a sharp decrease when stored in ice. 

Raghunath (1984) observed that WEN and NPN reduced considerably in 

squid mantles stored in crushed ice and melt water after 8 hours. Squid kept 

in contact icing were decolourised in less than 12 hours and could not be 

considered acceptable for consumption after two days. But non-contact ice 

stored squid could hold the freshness for a longer time (Ke et aI., 1991). 

Water extractable nitrogen and NPN gradually decreased and squid lost its 

characteristic sweetness and finally became bland in taste (Lakshmanan, et 

aI., 1993). The electrophoretic study on ice storage revealed similar results 

in both the selected species. 

During super cooling, the loligo sample without GMP showed a 

greater loss of bands, which indicated the loss of proteins, especially of 

molecular weight from 97.4 to 3.5 kDa. But in the case of samples with 

GMP, MLC retained till the end of the storage. In needle squid, MHC and 

other proteins in higher molecular weight were less and feeble. This may be 
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the remit of proteolytic degradation and subsequent loss into melt water due 

to leaching during storage. These findings are fully supportive with the 

result of the Power, et aI., (1969) that showed a higher rate of leaching of 

protein in super cooling. The samples stored in ice showed a lesser amount 

of protein denaturation than in super cooling. The rate of protein 

denaturation in super cooling as measured by the percentage of extractable 

protein nitrogen, dropped rapidly after first week in storage (Power & 

Morton, 1965). 

In cephalopods, MHC is the primary myofibrillar protein followed by 

paramyosin. According to Hurtado et aI., (1999), MHC in chill stored 

octopus was hydrolyzed during autolysis but actin showed no signs of 

hydrolysis. In frozen storage of squid (Loligo vulgaris), MHC band was 

found to be fainter than that of super cooled squid muscle (Gomez-guillen et 

aI., 2003). This protein was not present in the soluble fractions because it 

was retained in the precipitate as a result of freeze-induced aggregation. 

Their study also confirm that paramyosin and actin remained much more 

stable and unaffected by the storage. Extensive degradation during frozen 

storage in North American squid also has been reported by Stanley and 

Hultin, (1984). They found that actin was the component most resistant to 

break down. This agrees to our present observations with chilled and frozen 

stored squid, although slight differences were observed between loligo and 

needle squid. 

Mild acid induced gelation of fish meat is associated with decrease in 

sulphydryl contents and formation of disulphide bonds. This has been 

verified with respect to shark and threadfin bream gel (Chawla et aI., 1996). 

Decrease in SH groups in the proteins is comparable with conventional 
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surimi gelation (Stone and Stanley, 1992). In the study of Sakai and 

Matsumotto (1981) on proteolytic activity of squid mantle muscle, the SDS

PAGE pattern of whole extract of squid showed a very few bands at pH 4.3 

which is similar to our findings in loligo species. But acetic acid treated 

needle squid showed a more number of bands. The results of the study of 

Collignan and Montet (1998) showed that the tenderization of squid mantle 

rings processed at pH 2 and 45°C was the result of proteolysis, which 

nonspecifically broke down muscle proteins (especially myosin) into many 

small fragments 

Another change was the disappearance of my os in heavy chain (MHC). 

SDS-P AGE data was characterized by predominant band of MHC in 

unacidified meat while, it was feeble in the case of acidified gel, suggesting 

degradation of MHC during gel formation (Venugopal et aI., 2002). This 

study suggests the formation of gel on acidifying myofibrillar protein to pH 

4.5 using acetic acid. The gel formation is a result of initial denaturation 

causing protein unfolding, protein-protein interaction and aggregation 

(Mulvihill and Kinsella, 1987). The lesser number of protein bands in SDS

P AGE of acetic acid treated sample may be due to the above phenomenon, 

hence the lesser extractability into aqueous solution. 

7.6. Conclusion 

The bands obtained were characterized by comparing with protein 

molecular weight markers. The extractability of the proteins in water, 

phosphate buffer and borate buffer were also compared. Characterization of 

the proteins in samples from various storage systems and treatments were 

also carried out. From the protein profile, it was observed that the rate of 
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extraction of proteins from needle squid was more compared to loligo. 

Leaching of protein in the sample kept in direct contact with ice and water 

was confirmed by the loss of protein bands. Myosin, which is a component 

of myofibrillar protein, was also solublised in aqueous extract. Mild acid 

treated sample showed feeble bands of Myosin Heavy Chain (MHC) 

suggesting possible disappearance due to acid-induced gelation. 
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ChapterS 

S.l. Introduction 

Squids are known to have only one to two years of life span and some 

species of squid grow very fast from spring till autumn and die after 

spawning. In order to achieve its rapid growth, the protein turnover must be 

very fast which usually results from an active proteolytic system. Active 

protenases were found not only on the visceral part of the squid but also in 

the mantle muscle as well. On post-mortem, squid enters a state of 

uncontrollable protein degradation from both natural and bacterial sources. 

Rough handling and pressure due to icing apparently facilitates subsequent 

release of proteolytic enzymes. Proteins of squid muscle differ significantly 

from those of fish muscle with specific catheptic activity, approximately 

twice as high as that found in other finfishes. Proteolytic degradation is 

probably the single most important characteristic relating to the eating 

quality of the squid. Little information is known on the proteolytic activities 

in muscle of squids and other cephalopods from tropical waters. It is being 

noticed that the needle squid underwent softening even during thawing, 

while the loligo squid was rather stable. A comparison of their autolysis 

seemed to be a logical approach to look for the reasons for the above 

difference between the two squids. 

S.2. Review of Literature 

The squid mantle showed extensive protease activity and observed 

that squid mantle actomyosin was much less stable than those of carp and 

rabbit (Magita et aI., 1958). The intact squid myosin was successfully 

isolated only when proteinase inhibitors like trasylol and soybean trypsin 

inhibitor, or ethylene diamine tetra acetic acid (EDTA) were added to the 
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extraction media (Tsuchiya et ai., 1978). Sakai and Matsumotto (1980) 

studied the assay of proteolytic enzymes of squid Ommastreohes sloani 

pacificus in the presence of inhibitors. 

A comparative study of autolysis of Argentina squid (Illex argentinus) 

and Falkland squid (Martilia hyagesi) was done by Lee and Bonnie, (1990) 

in which the optimum temperature for autolysis and the optimum pH have 

been found out. The visceral proteinase activity was studied by Hameed and 

Haard (1985). Doke and Ninjoor (1987) have studied the alkaline 

proteinases and exopeptidases from shrimp muscle. The effect of alkaline 

protease activity on some properties of comminuted squid (Loligo lorhesi) 

was studied by Roger et ai., (1984). Luten et ai., (1992) studied the 

proteolytic enzyme activity as a measure of cooking of tropical shrimps and 

found that cooking time was inversely proportional to the enzyme activity. 

Schober et ai., (1992) studied the isolation, characterization and application 

of proteolytic enzymes from fish viscera. Mateos et ai., (2002) studied the 

thermal gelation profiles of frozen squid with added proteinase inhibitors. 

Visessanguan et ai., (2000) suggested porcine plasma proteins as a surimi 

protease inhibitor and found effective on actomyosin gelation. 

Characterization of proteolytic activity in octopus arm muscle was 

studied by Hurtado et ai., (2000). Yamashita and Konagaya (1991) analyzed 

the participation of cathepsin L into extensive softening of muscle of Chum 

salmon caught during spawning migration. Mireles-DeWitt and Morrissey 

(2002) suggested the parameters for the recovery of proteases from surimi 

wash water. The effect of proteinases on meat texture and seafood quality 

was described by Shann (2000). Ayensa et ai., (2000) studied the proteolytic 
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activity of squid muscle (Todaropsis eblanae) in the presence of various 

chemical inhibitors. 

Aoki and Ueno (1999) explained the involvement of cathepsins B and 

L in the post-mortem autolysis of mackerel muscle. The cathepsin-D like 

proteinase has a maximum activity at pH 3.1 in the mantle muscle of 

Ommastreohes sloani pacificus (Sakai and Matsumotto, 1985). Cathepsin-D 

and E were present in the Atlantic short finned squid (Illex Illecebrosus) and 

long finned (Loligo plealeii leseur) (Leblanc and Gill, 1982). The effect of 

temperature on alkaline protease was studied by Deng (1981). Warrier et aI., 

(1972) has studied the effect of cold storage on the proteolytic enzyme of 

fish muscle. Rodger et aI., (1984) also studied the effect of alkaline protease 

activity on some properties of squid Loligo forbesi. The proteolytic activity 

of Atlantic croaker was studied in minced fish gel by Cheng et aI., (1979) 

using casein as a substrate. Work on proteolytic inactivation using protease 

inhibitors to improve the quality of fish surimi has been carried out by Jiang 

et aI., (2000). Cao et aI., (1999) studied the proteolysis of a myofibril bound 

serine proteinase from Cyprinus carpio on myofibrillar proteins and their 

gel formation ability. 

Simpson et aI., (1991) have made a through review of these enzymes 

In fish. Endogenous proteinases in seafoods in particular have been 

reviewed exhaustively by Haard (1992). 

8.3.Materials and Methods 

8.3.1. Sampling method 

Squid mantle muscle of both the species of squid, Loligo duvaucelii 

and Doryteuthis sibogae were used for the study. For the study of 
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proteolytic enzymes, sampling was done from fresh stored and treated 

samples, the methods being given in the previous chapters. 

;;. Fresh sample (2.3.) 

;;. Samples ice-stored with GMP and without GMP (3.3.1.) 

;;. Frozen stored samples (5.3.1.) 

;;. Samples after treatment (6.3.) 

8.3.2. Preparation of Enzyme extract 

The samples of squid mantle tissue was cut into small pieces and 

homogenized in four volumes of cold distilled water using a high-speed 

homogenizer for 3-4minutes, keeping the container in an external pack of 

ice. The homogenate was centrifuged at 15000g for 30 minutes in a 

refrigerated centrifuge at -5°C. The supernatant was used immediately for 

the detennination of enzyme activity. 

8.3.3. Proteolytic enzyme assay 

Enzyme activity was assayed by the method of Leblanc and Gill, 

(1981) using 2% haemoglobin in appropriate buffers. To cover the test pH 

range, the following buffers were used: 0.2M glycine HC1 buffer for pH 2.2 

and 3.0, acetate buffer for pH 4.2 and 5.6, phosphate buffer for pH 6.0 and 

7.0, boric acid borate buffer for pH 8.0 and 9.0 and glycine NaOH buffer for 

pH 9.5, 10.0 and 10.5 (Gomori, 1955). 

1ml of aliquot of the extract was added to 2ml of buffer containing 2% 

hemoglobin and incubated for two hours at 37°C. The activity was 

tenninated by adding 2ml of freshly prepared 10% TCA. Controls were 

prepared by the addition 10% TCA to the buffered Hb substrate. After 
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mlxmg, Iml extract was added immediately and incubated for 2 hours at 

37°C. These terminated mixtures were stored overnight at 0-4°C and then 

filtered through Whatman No.4 filter paper. The liberated TCA soluble 

peptides were determined by the method of Lowry et aI., (1951). The 

enzyme activity was expressed in J.!g of tyrosine per ml per minute. The 

specific activity was expressed as in J.!g of Tyrosine per mg protein per 

minute. Enzyme assays were conducted in triplicate. 

8.3.4. Optimization of pH, Temperature and Time 

After determining the pH optima, a separate experiment was 

conducted to study the effect of in temperature of incubation (30°C-75°C) 

on the activity of proteases. Separate enzyme assay was carried out to 

optimize the time. 

8.3.5. Enzyme assay in the presence of inhibitors 

The inhibitors and their concentration in the incubation mixture were as 

follows: 

PM SF (Phenyl Methane Sulphonyl Fluoride), ImM; 

Soybean trypsin inhibitor, 100J.!g/ml; 

Iodoacetic acid, 1 mM; 

EDTA (Ethylene diamine tetra acetic acid) 2mM 

lml of the inhibitor solution was added to lml of extract and 2ml of 

buffered substrate haemoglobin and incubated for 2 hours at 37°C. The 

incubation tests were carried out at pH 3.0, 6.0 and 8.0/9.0 with the buffers 

described above. The activity was arrested by adding 2ml of 10% TCA. 
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This was filtered and liberated acid soluble peptides were estimated by 

Lowry's method. 
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Figure 8.l.Proteolytic activity of both species of squid at various pH 

Figure 8.1. shows the proteolytic activity at various pH in both the 

species of squid. The optimum pH was determined from the above figure. 

Both the species showed a high degree of proteolytic activity .. But needle 

showed a higher activity than loligo at all the pH range. A high activity was 

found in the acid pH range with a maximum at pH 3.0 in both the species 

(Ioligo 0.95 units and needle 1.61 units). In loligo, there were two peaks for 

enzyme activity, at pH 3.0 and 8.0. At pH 6.0 also showing a slight increase 

in the activity was observed. A significant observation in this study was that 

at pH 4.2, there was a sharp dip in the activity of both the species with 
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loligo showing least activity of 0.28 units. The pH, 4.2 is same as the 

effective pH of the tissue in acetic acid treated squid mantle. 
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Figure 8.4. Proteolytic activity of both species at 

pH 8.0/9.0 and various temperatures 

The optimum temperature for protease activity was found to be 40°C 

for both the species at pH 6.0. At pH 3.0 and pH 9.0/8.0 two peaks were 

observed (40°C and 65°C), where the maximum activity was obtained at 

65°C (Figure 8.2, 8.3 and 8.4). 

pH optimization was repeated at 40°C and 65°C. The trend in the 

enzyme activity was found to be same in both temperatures. 

To determine the optimum time for incubation, the reaction media was 

incubated at 40°C for various time intervals (pH 3.0). The minimum time to 

reach maximum activity was found to be 2hours after which, a gradual 

decrease in the activity was observed (Figure 8.5). 
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Figure 8.6. Proteolytic activity of both species of squid 

Ice-stored with GMP/without GMP with varying pH. 

The proteolytic activity of both the species ice stored with GMP and 

without GMP at various pH were studied (Fig 8.6.). In the case of loligo, with 
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GMP and without GMP, the enzyme activity was found to be minimum at pH 

4.2. In all the cases the activity showed a maximum pH 3.0. In both the 

species, the pattern of proteolytic activity changes in the pH range were 

specific, with samples without GMP, showing higher activity than with GMP. 
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Figure 8.7. Proteolytic activity of both species of 

squid during frozen storage 

Figure 8.7 shows the proteolytic activity of loligo and needle squid 

mantle tissue during frozen storage. The protease activity showed a gradual 

decrease during the period of 8 months frozen storage. The change in the 

activity in both the species were almost equal. 

Table 8.1. Proteolytic activity in the drip of frozen stored samples 

Storage Needle Loligo 

Months E.A. E.A. 

I 34.95 26.09 

2 11.10 8.03 

3 9.53 6.86 
t 4 7.40 6.40 

5 3.63 3.17 

6 2.45 0.17 
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E.A. - Enzyme activity 

The drip of frozen stored sample was collected by thawing the frozen 

samples. In both the species, the enzyme activity showed a decreasing trend 

and the drip from six months stored sample, showed a very low activity 

(Table 8.1). 

Table 8.2. Effect of treatments on proteolytic enzyme activity 

Needle Loligo 

Treatments E.A. Protein mg/ml S.E.A. E.A. Protein mg/ml S.E.A. 

A 90.76 1.63 55.82 78.27 1.95 40.17 

B 9.86 3.01 3.27 4.96 3.80 1.31 

C 27.36 2.33 11.76 21.16 2.93 7.21 

D 26.42 3.01 8.78 16.96 3.54 4.79 

E 18.03 2.38 7.59 16.43 2.79 5.90 

F 30.49 1.98 15.39 24.96 2.17 11.51 
.. 

E.A. Enzyme actlVlty (J.!g tyrosme/mllhr) 

S.E.A. = Specific enzyme activity (J.!g tyrosine/mg proteinlhr) 

A-Control 

B-Acetic acid alone 

E-Ascorbic acid 

C-Acetic acid citric acid mixture 

D-STPP acetic acid mixture 

F -Lime Juice 

The effect of various treatments (as described in 6.4.6) on the proteolytic 

activity is given in the table 8.2. The samples treated with acetic acid showed 

the minimum activity in both the species while the untreated sample showed 

maximum activity. Among all the treatments, limejuice treated sample showed 

maximum activity. The specific enzyme activity also showed a minimum value 

in acetic acid treated sample ofloligo and needle squid. 
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Table 8.3. Effect of inhibitors on the residual protease activity (%) of 

autolysis of the mantle muscle of both species of squid at 40°C 

Needle 

pH3.0 pH 6.0 pH 9.0 

Inhibitors S.E.A. RE.A. S.E.A. RE.A. S.E.A. RE.A. 

PM SF 15.73 45.83 12.98 34.09 24.08 48.61 

Soy try 15.19 44.26 25.59 67.20 18.22 36.78 

Iodo acetate 26.40 76.94 19.90 52.26 20.16 40.69 

EDTA 31.61 92.13 10.39 27.29 9.62 19.42 

Control 34.31 100 38.08 100 49.54 100 
I Loligo 

pH 3.0 pH 6.0 pH 8.0 

Inhibitors S.E.A. R.E.A. S.E.A. R.E.A. S.E.A. R.E.A. 

PM SF 9.20 40.68 8.27 37.06 17.01 57.78 

Soy try 9.63 42.56 11.88 53.26 16.04 54.50 

Iodo acetate 10.99 48.61 11.76 52.70 17.51 59.49 

EDTA 26.54 , 117.37 3.20 14.34 4.29 14.58 

Control 22.61 100 22.31 100 29.43 100 

S.E.A. Specific enzyme activity 

RE.A. Residual enzyme activity -Value represent the percentage relative to 

the activity of control 

Table 8.4. Inhibitors and inhibiting enzyme 

Inhibitors Proteinases 

PMSF and Soy bean trypsin inhibitor Inhibit Serine Proteinases 

Iodo acetic acid, PCMB and Leupeptin Inhibit Thiol Proteinases 

Pepstatin Inhibit Carboxyl Proteinases 

EDTA Inhibit Metalloproteinases 

189 



Chapter 8 

The proteolysis at pH 3.0, pH 6.0 and pH 8.0/9.0 was carried out in the 

presence of inhibitors, to investigate what kind of proteinases function at 

those pH. Based on the essential catalytic group of the enzymes, Hartley 

(1960) classified proteinases in the four classes namely Senne, Thiol, 

Carboxyl and Metalloproteinases. Barrett (1977) has suggested that the class 

assigrunent can be done on the basis of different sensitivities to different 

inhibitors. The inhibitors and inhibiting enzymes are given in the Table 8.4 by 

different inhibitors. At an optimum temperature of 40°C, the inhibition of 

various inhibitors of the protease enzymes varied with pH (Table 8.3). 

The residual activity in loligo was found to be very low when PM SF 

and soy trypsin inhibitors were added. In other words, at pH 3.0 the 

cathepsin D like proteinases (with an optimum pH 3.0) was very likely to be 

present in the aqueous extract of both the species studied. At physiological 

pH, (6.0-7.0) PMSF inhibited the proteolysis to a residual activity of 37.06 

% in loligo and 34.09% in needle. The inhibition due to soy trypsin inhibitor 

was not much effective at this particular pH for both the species. A 

chymotrypsin - like serine proteinase was likely to be present in the muscle 

of both the species. At this pH, EDTA was more effective in suppressing the 

protein degradation. Iodoacetic acid inhibition was not significant when 

compared with inhibition due to EDT A. To some extent, iodo acetic acid 

inhibited the proteolysis in both the species (Needle squid -52.26% and 

Loligo -52.70%) indicating the presence of a thiol proteinases. EDTA was 

found to be a very effective inhibitor at neutral and alkaline pH. Suggesting 

that, there exist highly active metalloproteinases. 

In contrary to this, at pH 3.0, EDT A did not inhibit but rather 

increased the activity (117% of residual activity in loligo and 92.3% in 

needle squid), 
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8.S.Discussion 

The activity - pH profiles of squid mantle muscle aqueous extract, 

exhibited a high proteolytic activity in the acid pH range, with a low activity 

in neutral and alkaline pH ranges. A similar observation was reported by 

Sakai and Matsumotto (1980) in squid Ommastrephes sloani pacijicus. In 

the mantle muscle of Falkland squid, optimum temperature for autolysis was 

55°C to 60°C and at 25°C, optimal pH was 6.8 (Lee and Bonnie, 1990). 

Drabikowski et aI., (1977) has observed a similar profile in the skeletal 

muscle of various vertebrates. 

The activity at pH 3.1 was strongly inhibited by pepstatin (Sakai and 

Matsumotto, 1980, Lee and Bonnie, 1990), which was specific to the 

carboxyl proteinases such as pepsin and cathepsin D (Aoyagi et aI., 1972, 

Barrett, 1977). Thus the results indicate that a cathepsin D like proteinase 

contributes mainly to the protein degradation in the squid mantle muscle at 

this pH. Since cathepsin D is believed to constitute the major proteolytic 

activity in the lysosomes, (Barrett, 1972), lysosomes may be involved in 

protein degradation of the squid mantle muscle. The autolytic activity at pH 

3.0 was also inhibited by other inhibitors to some extent, a thiol proteinases 

was inhibited by Iodo acetic acid. cathepsin B is thiol proteinase, which can 

be inhibited by Iodo acetic acid. The inhibition of activity by iodo acetic 

acid may be due to a presence of an identical enzyme other than cathepsin B 

in the squid mantle. Inaba et aI., (1978, 1976) established presence of 

cathepsin B in various species of squid. 

In fish skeletal muscle, several of these proteinases such as cathepsin 

D (Doke et aI., 1980), neutral proteinases (Makinodan et aI., 1983), 

cathepsin B (Chen and Zal, I 1986), alkaline proteinase (Makinodan et aI., 
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1983) and some peptidases (Osnes and Mohr, 1985) have been identified 

and characterized. Among these, alkaline proteinases seemed to mediate 

changes in the muscle texture when processed at 50°C to 70°C (Makinodan 

et aI., 1985) apparently due to its heat stability. A comparative result was 

obtained in the present study, where a significantly active enzyme was 

observed in both squid at pH 8.0 with optimal temperature of 65°C. 

Although alkaline proteinase has been purified from the muscle fish 

varieties such as Anartic kriIl (Osnes and Mohr, 1985), Atlantic croaker (Lin 

and Lanier, 1980), White croaker (Busconi et aI., 1984) and carp (Iwata et 

aI., 1973), information on the enzymes from crustacean's species is scarce. 

While some investigators (Lin and Lanier, 1980, Busconi et aI., 1984) 

suggested that the enzyme is sulphydryl dependent, others showed to be 

either a metaIlo or a serine proteinase (Kozlovskoya and Elvakova, 1975; 

Busconi et aI., 1984). Tissue proteinases have been implicated as adversely 

affecting the quality of stored muscle foods due to the sustained action of 

endopeptidases and exopeptidases that are involved in the complete break 

down of tissue proteins (GoIl et aI., 1983). 

In this study also, an attempt was made to assay the tissue proteolytic 

enzyme of squid mantle at various pH and to characterize these proteases by 

using specific inhibitors. Between the loligo and needle squid, a distinct 

variation in the enzyme activity of various proteases was observed which 

might be due to the species-specific differences. The result obtained for the 

protease activities in the samples with and without GMP, frozen-stored 

sample and treated sample are comparable with the pattern of protein bands 

in SDS-PAGE (Chapter 7). The fluctuation in the endogenous muscle 

proteinase content and their activity observed at various storage conditions 
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are affected by post-rigor condition and consequent softening of muscle. 

The release of lysosomal proteases in the squid at acidic pH and their 

activity as a result of various treatments, will be discussed in the next 

chapter 

SUbjecting to various pre-treatments to extent the quality of frozen 

stored squid, had significant difference in the proteolytic activity of which, 

acetic treated sample showed a very low protease activity compared to all 

other treatments. Venugopal et aI., (1994) had reported that acid protease 

activity of shark protein dispersion at pH values of 3.8, 6.0 were l3.6 and 

15.3 units respectively, which decreased to 8.5 units when the pH was 

lowered to 4.5 by addition of acetic acid. The sharp decrease in the protease 

activity at pH 4.2 observed in the squid mantle, specifically in loligo, is in 

agreement with the above observation. The acetic acid treated sample were 

thus found to be organoleptically and physico-chemically of the best quality 

(6.4). In addition, the presence of pro teases of microbial origin could also be 

inactivated due to the anti-microbial effect of acetic acid. 

8.6.ConcIusion 

Optimal pH of the autolysis was found to be at three different Points 

pH 3.0, pH 6.0 and pH 8.0 in the case ofloligo and pH 3.0, pH 6.0 and pH 

9.0 in the case of needle. In loligo squid, the protease activity was found to 

be minimum at pH 4.2 (acetic acid alone treated sample pH). Optimum 

temperature for protenase activity was found to be 40°C at pH 6.0 and 65°C 

and 40°C at both pH 3.0 and pH 8.0/9.0. The optimum time of incubation 

for the enzymal assay was found to be 2 hours. 
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Between the two species studied, needle squid showed higher protease 

activity than loligo. But samples iced with GMP showed a lesser activity 

than samples without GMP. During frozen storage a gradual reduction in the 

activity was observed and it may due to freeze denaturation of the enzymes. 

The quantity of protein was gradually reduced in the drip, which also 

indicated the denaturation of proteins during frozen storage. Among 

treatments, acetic acid treated sample was found to be the best, which offers 

minimum proteolytic activity and high degree of protein retention. The 

proteolytic activity was strongly inhibited by specific protease inhibitors, 

suggesting the presence of serine proteinase, thiol proteinase, cathepsin D 

and metallo proteinase in the squid mantle tissue. 
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Chapter 9 

9.1. Introduction 

The problem that could anse out of stored flesh foods are the 

tenderisation, change in colour and texture, production of undesirable 

flavours and spoilage by microorganisms. 

The spoilage of flesh foods stored at refrigerated temperatures and 

freezing temperatures has been attributed to intracellular autolysis. The 

autolytic enzymes comprise proteases, including lysosomal hydrolases. 

These enzymes are known to tenderise the meats, and the hydrolytic 

products released may also influence the acceptability of the stored flesh 

foods. The release of lysosomal enzymes occurs at a faster rate when the 

samples are stored at ambient temperature. Storage in freezer and 

subsequent thawing facilitates the release of hydrolases. Hence it is very 

important to consider the role of lysosomes in the preservation of fish and 

fishery products that are stored either in iced storage or in freezer. 

In this chapter studies are undertaken regarding the stability of 

lysosomes of two species of squid, loligo and needle squid under various 

processing variables, using the enzyme acid phosphatase as an indicator. 

Assessment of the total lysosomal enzyme activity of the squid muscle was 

done using mantle homogenate in 0.2SM sucrose containing EDTA in the 

presence of a non-ionic detergent like Triton X-lOO. Latent and free activity 

of the enzyme was determined in a homogenate in a manner wherein the 

integrity oflysosomal particles was maintained as much as possible. 

9.2. Review of Literature 

Various factors are capable of altering the structure of the lysosomal 

membrane and releasing the hydrolases. The occurrence, distribution and 
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properties of lysosomes were reviewed by Ninjoor, et al.,(1969). The storage 

stability of cattle spleen lysosomal enzymes was investigated usmg 

refrigerated storage and frozen storage by Melendo et aI., (2001). Shann 

(2000) recommended that the lysosomal cathepsins and calpains, and their 

endogenous inhibitors were considered to be involved in meat tenderisation 

and deterioration of fish protein gel. Characterisation of crude lysosomal 

extract from bovine spleen for its use in processing muscle foods, was studied 

by Melendo et aI., (1999) and (1998). Lysosomal cathepsins are calcium

activated muscle proteinases, involved in the post-mortem rheological 

changes in tissues of fish and marine invertebrates (Kolodziejska and 

Sikorski, 1996). Assessment of lysosomal nature of hydrolytic enzymes of 

skeletal muscles is rendered difficult for different variety of fish, owing to 

drastic homogenisation procedures required to obtain a uniform homogenate 

and need for prolong incubation periods. Such treatments cause 

disorganization of intact Iysosomes and hence the latency of these enzymes 

cannot be established (Duve, 1959; Weinstok and Iodice, 1969). 

The lysosomal enzymes in drip and the muscle of Harpadon nehereus 

were studied during repeated freezing and thawing in the presence of non

ionic detergent before and after irradiation. Irradiation and freezing and 

thawing treatments bring about increased exudation of soluble proteins of 

Bombay duck into the drip, possibly by the denaturation of myofibrillar 

proteins (Warrier et aI., 1972). This treatment may also enrich the solubility 

of enzymes in the drip. Hari Kumar et aI., (1974) have developed a method 

for evaluation of latency of lysosomal enzymes from chicken skeletal 

muscle tissue. Several mechanisms have been put forward to explain the 

increase in acid phosphatase activity. A direct correlation was noticed 
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between the duration of exposure to mercury and activity of acid 

phosphatase in catfish (Rema and Philip, 1999). 

Lesly et aI., (1996) investigated the role of myosin in the endosomal 

traffic and lysosomal system. The biosynthetic pathway for lysosomal 

hydrolysis has been extensively characterised by Cardelli (1993). The 

transport of materials to and from lysosome requires the proper movement 

and fusion of membrane vesicle. 

Since cathepsin D is believed to constitute the major proteolytic 

activity in lysosomes (Barrett, 1972), lysosomes may also be involved in the 

protein degradation of squid mantle muscle. The activity at pH 3.0 is mainly 

contributed by carboxyl proteinases such as pepsin and cathepsin D. Migita 

et aI., (1958) has observed that the squid mantle muscle actomyosin was 

much less stable than that of carp and rabbit. Sakai et aI., (1986) have 

purified and characterised the acid cysteine proteinase from squid mantle. In 

studies on the proteinases of the squid mantle muscle, authors have found 

that there is high autoproteolytic activity in squid muscle. The activity was 

observed in both acidic and alkaline pH ranges with a maximum pH 3.0 

(Sakai and Matsumotto, 1981). Sub cellular distribution study revealed that 

the acid proteinase activity is localised in lysosomes. These studies 

indicated the presence of a cathepsin D like proteinase and a cysteine 

preoteinase in squid mantle muscle, the former being the major enzyme in 

lysosomes. When the extraction was carried out in the presence of 

Dithiotritol (DTT), the acid proteinase activity increased, indicating that the 

squid mantle muscle contains a considerable amount of cysteine proteinase, 

thus refuting the presence of cathepsin B, Hand L in the squid mantle 

muscle. The cathepsin D-like proteinase and cysteine proteinase were 
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separated by Diethylaminoethane (DEAE)-Sephadex A-50 column 

chromatography. 

9.3. Materials and Methods 

The analyses of lysosomal enzymes were done as per the method of 

Warrier, et aI., (1972). 

9.3.1. Reagents 

• 0.25M sucrose containing ImM EDTA (8.5575g of sucrose and 40mg 

of EDTA in 100ml of distilled water). 

• 0.25M sucrose containing ImM EDTA with 0.1 % Triton X-lOO. 

• Citrate buffer (lOOmM, pH 4.8) 4.1g of citric acid and 11.25g of 

sodium citrate. Dissolved and made up to 500ml with distilled water 

and stored at 4°C. 

• Substrate- p-nitro phenyl phosphate (400mg dissolved III 100ml of 

distilled water). 

• O.INNaOH 

• Standardp-nitro phenol-lmM, 0.13911 g/lOOOml. 

9.3.2. Preparation of tissue homogenate 

>- Total Activity 

Fresh and treated samples of both species of squid, loligo and needle, 

as explained in 8.3 were taken for this study. The sample tissues were finely 

minced with scissors and 10% (w/v) tissue suspension was prepared in 

0.25M sucrose containing ImM EDTA using a homogeniser set at minimum 

speed for 20 sec. The homogenates were centrifuged at 4°C and collected 
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the supematant. The residue was washed twice In the same media and 

washings were combined with the supematant. A similar homogenate was 

also prepared by thorough homogenisation of the sample (10% w/v) in the 

above solution with 0.1 % Triton X -100 and taken as total activity. 

For each assay, samples were taken in triplicate. 

~ Free Activity 

The free activity was determined from 10% w/v tissue cut into small 

pieces using scissors and suspended in cold 0.25 M sucrose solution 

containing I mM. EDTA. The suspensions were passed through a single 

layer of surgical gauze and the residue obtained were washed 2 or 3 times 

with the same media and the washings were added together. 

~ Drip 

The frozen samples were thawed and the exudate or drip was 

collected. 

~ Bound Activity 

Bound Activity (Latent activity) was determined by subtracting free 

activity from total activity. 

01 B d A .. Total activity Free activity 100 
10 oun ctlVlty = x 

Total Activity 

9.3.3. Assay of Acid phosphatase 

0.5ml of Buffer was taken in a test tube, added 0.5ml of substrate and 

0.5ml ofthe enzyme extract. Incubated the test tubes at 37°C for 30 minutes 

and stopped the reaction by adding 4ml of O.IN NaOH. To the control 

extract was added after adding the NaOH. The optical density was read at 
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405nm along with standards and blank. The protein in the extracts was 

estimated by Lowry, et aI., (1951). 

The lysosomal enzyme activity was expressed in terms of acid 

phosphatase activity as micro grams of p-nitro phenol liberated per minute 

per ml (EU) and specific activity as micrograms of p - nitro phenol liberated 

per minute per mg protein. 

9.3.4. Protease activity 

Protease (cathepsin-D like) activity in all the above extracts- total, latent 

and free were assayed according to the method described in 8.3. The pH of 

the medium was 3.0. Here also enzyme assays were conducted in triplicate. 

The protease activity was expressed as J.!g of tyrosine per ml per minute. 

9.4. Results 
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1-Control, 2-Acetic acid alone, 3-Acetic acid citric acid mixture

4-STPP acetic acid mixture, 5-Ascorbic acid, 6-Lime Juice

Profiles of lysosomal activity of both the species studied under various

treatments are given in Fig 9.1 and 9.2. The activity was observed to be

higher in needle squid when compared with loligo. As in the case of

proteolytic enzymes, lysosomal enzymes also showed a very low activity in

samples treated with acetic acid alone. Untreated sample showed maximum

activity followed by limejuice. Sample treated with acetic acid citric acid

mixture and acetic acid STPP mixture exhibited almost similar activity in

both the species. The samples treated with ascorbic acid showed a better

result when compared with the above treatments
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Profiles oflysosomal activity of both the species studied under various 

treatments are given in Fig 9.1 and 9.2. The activity was observed to be 

higher in needle squid when compared with loligo. As in the case of 

proteolytic enzymes, lysosomal enzymes also showed a very low activity in 

samples treated with acetic acid alone. Untreated sample showed maximum 

activity followed by limejuice. Sample treated with acetic acid citric acid 

mixture and acetic acid STPP mixture exhibited almost similar activity in 

both the species. The samples treated with ascorbic acid showed a better 

result when compared with the above treatments 
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in samples treated with acetic acid STPP mixture, but the drip showed a 

high activity. Acetic acid alone treated sample showed minimum activity in 

the drip also. The quantity of drip in samples treated with acetic acid alone 

was less when compared with other treatment systems, but more than the 

samples treated with acetic acid STPP mixture. The quantity of drip and the 

enzyme activity was maximum in the untreated samples. Ascorbic acid 

showed favourable results in the drip also. In all the treated samples, acid 

phosphatase activity was slightly higher in needle squid than loligo, while 

the untreated samples showed significant difference between the two 

species. 

Table 9.1. Profile of percentage of bound activity 

(latent activity) of lysosomal acid phosphatase 

and protease in the squid mantle tissue 

Protease Acid phosphatase 

Treatments Loligo Needle Loligo Needle 

1 66.72 61.49 85.72 84.83 

2 79.83 75.25 85.73 95.72 

3 67.61 65.19 84.00 84.68 

4 62.3 72.02 85.01 87.19 

5 80.75 79.85 88.84 93.65 

6 67.81 63.61 82.50 86.70 

The bound activity of cathepsins in loligo and needle ranged from 

60%-80% (Table 9.1). In needle squid the latent protease activity was less 

compared to loligo in all treatments except sample 4. Among treatments 

sample 5 and 2 showed the highest values. In needle, the sample 4 (STPP 

treated samples) resulted in higher retention of lysosomal bound enzyme 

activity compared to loligo. 
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The latent activity in tenns of acid phosphatase showed higher values 

in needle compared to loligo in all the treated samples, while in untreated 

samples needle showed a lower value. 

Table 9.2 Lysosomal Protease activity in the mantle 

tissue and the drip of both species of squid after treatments. 

(EU microgm of tyrosine / ml / minute) 

Treatments 
Loligo (EU) Needle (EU) 

I I 

1 

2 

3 

4 

5 

6 

A B c D A' B' C' 

63.04 90.76 34.95 7.89 46.38 78.27 26.09 

5.76 9.86 2.45 0.84 4.76 4.96 0.17 

15.59 27.36 9.53 3.06 15.23 21.16 6.86 

15.49 26.42 7.40 3.83 14.73 16.96 6.40 

14.63 18.03 3.63 1.78 12.99 16.43 3.17 

19.89 30.49 11.10 4.20 16.53 24.96 8.03 

A, A'- without Triton XIOO, B, B' - with Triton XIOO, 

C, C'-Free activity, D, D'- Drip 

D' 

5.35 

0.81 

3.78 

3.86 

2.33 

2.97 

Table 9.2 shows the lysosomal protease activity in the mantle tissue 

and the drip in both species of squid. In this also, a same trend was obtained 

as in the case of protease activity, which showed a minimum activity in 

sample 2 and maximum activity in sample 1. Sample 2 and 5 showed 

significantly lower activity than the other treatments. 

9.5. Discussions 

Sakai et aI., (1983) have separated a cysteine proteinase and cathepsin 

D like proteinase from squid mantle muscle by using a buffer containing 

Triton X-lOO, acid treatment, ammonium sulphate fractionation and column 
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chromatography. The latter proteinase has been recently purified and 

confirmed to be cathepsin D. The optimwn temperature was at 45°C and pH 

3.0 and the activity was almost zero at pH 5.0 (Sakai, 1986). Most of the 

cathepsin D activity was removed by pepstatin and leupeptin, which strongly 

inhibited the squid cysteine proteinase activity (Umezawa and Aoyagi, 1977). 

From the study, it was clear that cathepsin D is present in the squid meat, 

which was taken for the present study. Thus the result indicated that cathepsin 

D like proteinase contributed mainly to the protein degradation in squid 

mantle muscle at this pH. Since cathepsin D is believed to constitute the 

major proteolytic activity in Iysosomes (Barrett, 1972), Iysosomes may be 

involved in the protein degradation of squid mantle muscle. 

When 10% homogenate of the mantle tissue prepared III 0.25M 

sucrose containing ImM EDTA using a homogeniser at minimum speed for 

20 seconds were employed for assessing the free and bound activity of 

Cathepsins (EC 3.4.4.2) and acid phosphatase (EC 3.1.3.2), it was observed 

that these enzymes were mostly in free form in muscle homogenate. The 

tissue was subjected to homogenisation with Triton XIOO to solublize the 

lysosomal membrane lipoproteins and to liberate all enzyme into solutions. 

Treatment such as blenderisation, repeated freeze -thaw cycles, addition of 

Triton XIOO etc. bring about almost complete release of the enzymes. 

Homogenisation technique due to limitations could give high free 

activities, as evidenced by the high activity in the homogenate prepared without 

Triton X 100, in control as well as test samples. Therefore using 

homogenisation technique to monitor endogenous free activity will be 

misleading. A method reported by Hari kumar et aI., (1974), using tissue slices 

was used to study the invivo changes occurring in the lysosome due to various 
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treatments. The difference in the total and free activities is computed as bound 

or latent activity thus accounting for 60-80% for cathepsins and 82-95% in acid 

phosphatase. The results on acid phosphotase activity (both total and free) show 

significant variation in the release or solubilisation of the enzymes under 

various treatments in both the species of squid. The homogenisation with and 

without triton X 100 showed almost similar values confirmed the high 

solubility of squid proteins including enzymes into the extracting medium. 

Irradiation or freezing of muscle of Harpodon nehereus (Bombay duck) 

enhanced the levels oflysosomal activities (Warrier, et aI., 1972). 

9.6. Conclusion 

The presence of cathepsin D like proteases of lysosomal ongm IS 

involved in the protein degradation in squid mantle muscle. Treatment is 

inevitable in the case of squid in order to maintain the storage quality. The 

treatment with acetic acid, acetic acid STPP mixture reduced the quantity of 

drip, while acetic acid STPP mixture treated sample showed a higher 

lysosomal enzyme activity in the drip than the acetic acid treated sample. In 

the present study, the level of lysosomal enzyme released into the medium 

was reduced by various treatments. The reduced amount of lysosomal 

enzymes in the drip of acetic acid treated sample and their low activity in 

the drip confirm the ability of acetic acid to maintain the inter-protein 

network and retain proteins including water soluble enzymes in the gel 

matrix to the maximum. The difference in the rates of release of enzymes 

could be due to the difference in the binding of these enzymes to the 

lipoprotein membrane matrix. This is very well supported by the increased 

bound activity in the respective samples. 
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Chapter 10 

SUMMARY AND CONCLUSION 

The thesis on the topic "Influence of processing variables on protein 

quality and frozen storage stability of two commercially important species 

of squid (Loligo duvaucelii and Doryteuthis sibogae)" is presented in 10 

chapters. 

Chapter 1. This chapter gives a brief account of the present export 

status of seafood from India and the role played by squid in the export. This 

chapter also describes the significance of the research work undertaken and 

the objectives to which the study is focusing. 

Chapter 2. The protein content of the squid was compared with other 

marine cephalopods and thereby to emphasize the nutritive value of squid. 

Proximate composition of both species of squid was compared with other 

cephalopods. The variations in protein during various months were also 

studied in different species. The fractions of proteins namely sarcoplasmic, 

myofibrillar, denatured and stroma proteins were extracted and analyzed. 

From the results, the squid was evaluated to be a good source of protein. 

The repeated washing resulted in the loss of proteins along with the other 

soluble substances, thus reducing the quality. The time in between the 

landing and the processing factory is found to be very crucial, since it 

directly reduces the quality of squid. Utmost care is to be taken to reduce the 

hazards. Thus practice of storing squid directly in slush ice at any point 

from landing to processing is not advisable due to the high dissolution of 
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myosin fraction and other proteins in water. The loss of proteins as well as 

Non-protein nitrogen (NPN) fraction could affect the organoleptic quality of 

squid in general. The sweet taste of squid is linked to the NPN fraction. The 

leaching rate of needle squid was found to be much higher than that of 

loligo squid. This leads to a considerable loss of nutrients and higher rate of 

degradation in needle squid compared to loligo squid. Hence further 

investigations were undertaken to reduce this nutritional loss and quality 

degradation. The microbiological study was done for total plate count, 

sanitary significant bacteria like Escherichia coli, Coagulase positive 

staphylococcus and pathogens like Salmonella and Vibrio cholerae. 

Chapter 3. In this chapter various changes in quality parameters 

during different methods of ice-storage were studied in detail. The methods 

adopted for the icing were with GMP, without GMP and without direct 

contact with ice and water. In method-I- with GMP, (Good Manufacturing 

Practices) flake ice was used and the ice was changed with fresh ice daily. 

In method-2- without GMP, block ice was used for icing and samples were 

kept in slotted boxes, allowing the melt water to flow out. In this case, the 

ice was not changed daily but was replenished as required. In Method-3-

without direct contact with ice and water, the samples were packed in 

polythene covers and kept in ice (with GMP) to avoid direct contact with ice 

and water. In all the three methods insulated boxes were used. 

Moisture, fat and ash were calculated and statistically compared 

between methods, species and days of storage using students t test. The 

chemical indices like trimethyl amine (TMA), total volatile base nitrogen 

(TVBN) and alpha amino nitrogen were estimated using trichloro acetic acid 

extract. Organoleptic quality and pH of the tissue were monitored in all the 
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above methods. Organoleptic assessment was done by sensory test and the 

degree of excellence was given by hedonic scale. Microbiological quality 

changes were also studied during ice- storage. 

Needle squid showed a faster rate of deterioration than loligo. 

Leaching rates of protein and alpha amino nitrogen were more in needle 

squid than in loligo. Non-contact ice-stored material showed a low rate of 

leaching. As per the results, the ice-storage was not found to be advisable 

beyond 6 days even with GMP. The storage time could be prolonged using 

non-contact ice. 

Chapter 4. The material was kept at _2° e for 8 days. The 

temperature was maintained by mixing 3% sodium chloride with ice and the 

material was layered with the ice in the ratio 1:2 and the samples were kept 

in a chill store maintained at -Iooe. The physical, chemical and 

microbiological indices were estimated and statistically compared between 

species, methods and days of storage using 3-way ANOV A. The results 

showed that the samples kept with GMP had a better quality than the 

samples without GMP. 

A similar lot with GMP was frozen by IQF (individually quick frozen) 

and the samples were drawn at different points of the processing line for 

analyses. Results showed that the repeated washing of squid tube during 

processing should be avoided in order to minimize the nutrient loss during 

the process. The time of direct contact with ice during processing also 

should be reduced. Leaching of protein showed significant difference 

between species, steps and days of storage. Fractions of protein also showed 

significant difference in leaching. From the study, it is also suggested to 

adopt a proper treatment to reduce the leaching effect. 
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Chapter 5. Frozen samples were stored at -20°C to -25°C and 

samples were drawn at every 30 days for six months of frozen storage to 

evaluate physical, chemical and microbiological parameters. 2-way 

ANOV A was used for comparison of different quality parameters between 

species and days of storage. The variations in water soluble and salt soluble 

fractions of protein were very significant during the storage. But the 

difference in denatured protein was not significant between days and 

species. Among the various storage systems, the storage without direct 

contact with ice is proved better for short period preservation, while frozen 

storage is advised for longer periods. 

Chapter 6. The effects of six treatments in the two species of squid 

were assessed by physico-chemical, microbiological and organoleptic 

studies. The systems used were (a) 0.3% Citric acid (b) 0.3%Citric acid + 

3%acetic acid (c) 3% Acetic acid (d) 3% Sodium tripolyphosphate (STPP) 

+ 3 % acetic acid (e) O.3%Ascorbic acid (t) O.3%Limejuice. A control was 

also taken without any treatments. All the samples were mixed with 3% salt 

and material to ice in the ratio 1 :2. These were kept for 20 minutes. After 

the treatment, the samples were kept in non-contact ice with GMP for 3 

days and samples were drawn for various analyses. The results were 

compared using 2-way ANOV A. 

Another set of treated samples were immediately frozen and stored for 

6 months at -20°C to -25°C and analyzed for physico-chemical, 

microbiological and sensory evaluation at thirty days of interval. The results 

were analyzed using 3way ANOV A. Even though the leaching rate was 

minimum in STPP acetic acid mixture treated sample, its bacteriological and 

organoleptic qualities were inferior to that of the sample treated with acetic 
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acid alone. The effect of cooking was studied at various temperatures from 

40°C to 100°C. Even though STPP treated sample reduced the drip loss in 

the sample, the organoleptic quality was found to be lost while cooking. 

Among all the treatments, acetic acid treated sample was most acceptable in 

both the species. The treatments like citric acid treatment, STPP treatment 

were avoid due to the poor quality standards ofthe products. 

Chapter 7. Aqueous extract of mantle was used for the study and 

P AGE was done using disc electrophoretic apparatus according to the 

method of Laemmli. The samples selected for this study included ice stored 

(with GMP, without GMP and without direct contact with ice and water), 

chill stored (with and without GMP), from various processing steps, frozen 

stored and the treated sample. PAGE was carried out in the presence of 

sodium dodecyl sulphate (SDS). It was found that 10 % gel strength was 

appropriate for a distinct separation of squid proteins. 

The bands obtained were characterized by comparing with protein 

molecular weight markers. The extractability of the proteins in water, 

phosphate buffer and borate buffer were also compared. Characterization of 

the proteins in samples from various storage systems and treatments were 

also carried out. From the protein profile, it was observed that the rate of 

extraction of proteins from needle squid was more compared to loligo. 

Leaching of protein in the sample kept in direct contact with ice and water 

was confirmed by the loss of protein bands. Myosin, which is a component 

of myofibrillar protein, was also solublised in aqueous extract. Mild acid 

treated sample showed feeble bands of Myosin Heavy Chain (MHC) 

suggesting possible disappearence due to acid-induced gelation. 
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Chapter 8. Squids are known to have only one to two years of life 

span. In order to achieve this rapid growth, the protein turnover rate must be 

very fast which usually results from an active proteolytic enzyme activity in 

the squid muscle. In this chapter tissue proteolytic enzyme activity of squid 

muscle was determined using haemoglobin as substrate. The effect of pH, 

temperature and the period of incubation time on proteolytic enzyme 

activity was studied and arrived at the optimum conditions with respect to 

specific proteases present. The influence of GMP and various treatments on 

the proteolytic enzyme activity was studied in both the species. The protease 

enzymes in squid mantle were also characterized by studying the effect of 

vanous inhibitors like phenylmethylsulphonil fluoride (PMSF), soybean 

trypsin inhibitor, iodo-acetic acid and ethylenediaminetetraacetic acid 

(EDTA). The proteolytic activities were considerably high at pH 3.0, 6.0 

and 8.0. Maximal proteolytic activity in squid muscle extract at 

physiological pH was observed at 40·C. Between the two species the needle 

squid exhibited a higher proteolytic activity compared to loligo. 

Chapter 9. A detailed study was done on lysosomal enzyme activity 

of squid muscle as an index of autolysis. The lysosomal stability of both the 

species of squid under various processing variables adopted was studied in 

detail. The enzyme acid phosphatase was used as an indicator for lysosomal 

stability. The lysosomal activity of the drip from freezing and thawing 

procedure was done. The results showed that the lysosomal activity was 

higher in needle squid than in loligo. Among the various treatments acetic 

acid treatment reduced the lysosomal activity considerably. The presence of 

cathepsin D like proteases of lysosomal origin is involved in the protein 

degradation in squid mantle muscle. Treatment is inevitable in the case of 
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squid in order to maintain the storage quality. In the present study, the level 

of lysosomal protease enzyme released into the medium was reduced by 

various treatments. Reduced amount of lysosomal enzymes in the drip of 

acetic acid treated sample and their low activity in the drip confirm the 

ability of acetic acid to maintain the inter-protein network and retain 

proteins including water soluble enzymes in the gel matrix to the maximum. 

The difference in the rates of release of enzymes could be due to the 

difference in the binding of these enzymes to the lipoprotein membrane 

matrix. This is very well supported by the increased bound activity in the 

respective samples. 

If fishermen, processor and retailers understand the factors, which 

affect seafood quality and make a conscientious effort to control these 

quality factors, problems associated with autolytic and microbial changes 

could be significantly minimized. Every stage of handling from harvest to 

consumption affects quality. In the processing plants and at retail outlets 

good sanitary conditions and strict temperature conditions must be 

maintained so as to provide high quality products to the consumer. The 

time- temperature management throughout the process line should be 

strictly followed. 
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Appendix C 

APPENDIX c.o. 

Product Overall quality 
Range of 

Criteria 
score 

Whole squid Excellent/ 
10-> 7 

Squid odour, sheen white colour with 
(raw) very good red spots firm elastic texture. 

Good to fair 7-5 
Slight squid odour, red brown spots 
firm and elastic texture 

Unacceptable Below 5 
Offensive odour moderate to intense 
pink spot flabby texture. 

Processed Excellent! 
10-> 7 

Squid odour, sheen off-white colour 

squid very good firm elastic texture. 

Slight cabbage odour, creamy to 
Good to fair 7-5 yellowish appearance. Rubbery firm 

texture 
Slight to intensive ammoniacal 

Unacceptable Below 5 odour. Slight to intense yellow 
discolouration. Curdy texture. 

Whole squid Excellent!very 
Fresh Squid odour, Off-white or 

10-> 7 cream white. Firm and juicy texture. 
cooked good 

Sweetmeat flavour. 

Cooked cabbage odour, No 

!Good to fair 7-5 
discolouration. Firm and slightly 

I tough texture. Slight squid to 
I I 

I j Icabbage flavour. 

Ammoniacal to foul odour. Yellow 

Unacceptable Below 5 
or brown discolouration. Mushy or 

I Curdy texture. Slight to very bitter 
flavour. J 

Processed 
Excellent!very 

Fresh Squid odour, Off-white or 
I 

squid 
good 

10-> 7 cream white. Firm and juicy texture. 
(cooked) Sweetmeat flavour. 

Cooked cabbage odour, No 

IGOOd to fair 
I discolouration. Firm and slightly I 7-5 

tough texture. Slight squid to 
cabbage flavour. 

Ammoniacal to foul odour. Yellow 

!unacceptable Below 5 
or brown discolouration. Mushy or 

i 
Curdy texture. Slight to very bitter I 

! 
, 

I flavour. 



Appendix C 

Appendix C.l. 
ANOV A table for moisture content during ice storage 

Source SS df ms F significance 

Total 109.26 47 

btsps 20.66 I 20.66 52.24 p< 0.001 

bt mthds 39.28 2 19.64 49.66 p< 0.001 

bt dys 34.69 7 4.96 12.53 p< 0.001 

error 14.63 37 0.40 

Appendix C.2. 

ANOVA table for fat content during ice storage 

Source SS df rns F significance 

Total 2.706037 47 

btsps 0.153567 I 0.153567 5.49259165 p<0.05 

bt rnthds 0.232489 2 0.116244 4.15767406 p<0.05 

bt dys 1.285499 7 0.183643 6.56829647 p<0.05 

error 1.034482 37 0.027959 

Appendix C.3. 
ANOVA table for ash content during ice storage 

Source SS Df rns F significance 

Total 2.915 47 I 

bt sps 0.587 1 0.587 38.304 p< 0.001 
I bt rnthds 0.847 2 0.424 27.615 p< 0.001 

bt dys 0.914 7 0.131 8.510 p< 0.001 

error 0.567 37 0.015 

Appendix C.4. 
ANOVA table for protein leaching during ice storage 

Source SS df rns F significance 

Total 552.91 47 

btsps 9.50 I 9.50 6.94 p< 0.001 

bt slps 240.76 2 120.38 87.96 p< 0.001 

bt dys 252.02 7 36.00 26.31 p< 0.001 

error 50.64 37 1.37 
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Appendix CS. 
ANOV A table for TVN with or without direct contact with ice on storage 

Source SS 

Total 9141.12 

btsps 141.80 

bt stps 3637.01 

bt dys 3583.53 

error 1778.78 

LSD for methods = 11.44 

LSD for days = 7.006 

df ms F 

47 

1 141.80 2.95 

2 1818.51 37.83 

7 511.93 10.65 

37 48.08 

Appendix C6. 
ANOV A table for TMA during ice storage 

Source SS 

Total 5953.41 

btsps 204.8477 

bt stps 2321.923 

bt dys 2075.754 

error 1350.885 

LSD for methods = 9.97 

LSD for days = 6.1058 

df ms F 

47 

1 204.8477 5.611 

2 1160.962 31. 798 

7 296.5363 8.122 

37 36.510 

Appendix C.7. 

significance 

NS 

p< 0.001 

p< 0.001 

significance 

p< 0.01 

p< 0.001 

p< 0.001 

ANOV A table for alpha amino nitrogen during ice storage 

Source SS df ms F significance 

Total 119513 42 

btsps 277.4673 1 277.4673 0.29976757 ns 

bt stps 76703.35 2 38351.68 41.4340317 p< 0.001 

bt dys 12912.72 7 1844.674 1.99293225 ns 

error 29619.46 32 925.6081 

LSD for methods = 47.9 
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Appendix CS. 
ANOV A table for changes in sarcoplasmic protein during ice storage 

i 
, 

I 

Source SS 

Total 304.3354 

btsps 21.18692 

bt mthds 160.6548 

bt dys i 110.1335 

error 12.36017 

LSD for methods = 0.9438 

LSD for days = 0 .5779 

i 

df ms F significance 

47 

I 21.18692 63.4227582 p< 0.001 

2 80.32741 240.459042 p< 0.001 

7 15.73335 47.0975864 p< 0.001 

37 0.334059 

Appendix C.9. 

ANOV A table for myofibrillar protein leaching during ice storage 

i 

Source SS 

Total 7l.2046 

bt sps 14.509 

bt mthds 10.77263 

bt dys 43.68718 

error 2.235785 

LSD for methods = 0.4014 
LSD for days = 0 .2458 

df ms F significance 

47 

1 14.509 240.109392 p< 0.001 

2 5.386315 89.1380891 p< 0.001 

7 6.241026 103.282702 p< 0.001 

37 0.060427 

Appendix C.l0. 
ANOV A table for changes in denatured protein during ice storage 

Source SS 

Total 0.3108 

btsps 0.0169 

bt mthds 0.0890 

bt dys 0.1767 

error 0.0283 

LSD for methods = 0.0451 
LSD for days = 0 .02765 

df 

47 

1 

2 

7 

37 

ms F significance 

0.0169 22.059473 p< 0.001 

0.0445 58.14169 p< 0.001 

0.0252 32.9903893 p< 0.001 

0.0008 i i 
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Appendix C.Il. 
ANOVA table for changes in stroma protein during ice storage 

Source SS 

Total 0.3888 

btsps 0.0690 

bt mthds 0.0079 

bt dys 0.2984 

error 0.0135 

LSD for methods = 0.03119 
LSD for days = 0.0191 

df ms F 

47 

I 0.0690 188.842527 

2 0.0040 10.8149461 

7 0.0426 116.637552 

37 0.0004 

Appendix e12. 
ANOV A table for TPC during ice on storage 

source Ss 

total 15.504 

btsps 0.000185 

bt metds 15.008 

bt days 0.456 

error 0.040 

LSD for methods = 0.04166 
LSD for days = 0.02001 

df ms F 

77 

1 0.000185 0.283 

2 7.504024 11520.694 

12 0.03798 58.310 

62 0.000651 

significance 

p< 0.001 

p< 0.001 

p< 0.001 

significance 

NS 

P < 0.001 

P < 0.001 
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Appendix D.l. 

ANOVA table for TVN changes dnring chill storage 

Source ss df ms F significant 

Total 7902.035 31 

between 
2346.125 1 2346.125 20.61 p< 0.001 

species 
between 

42.32 1 42.32 0.37 NS 
methods 

between days 3009.545 7 429.935 3.78 NS 

error 2504.045 22 113.82 

Appendix D.2. 
ANOVA table for TMA changes during chill storage 

Source ss df ms F significant 

Total 11405.33 31 

btsps 346.3712 1 346.37 2.12 NS 

bt methods 4459.584 1 4459.58 27.33 p< 0.001 

bt days 3009.545 7 429.94 2.63 NS 

Error 3589.828 22 163.17 

Appendix D.3. 
ANOVA table for alpha amino nitrogen changes during chill storage 

Source ss df ms F Significant 

Total 32040.29 24 

bt sps 1982.005 1 1982.01 7.29 p< 0.01 

bt methods 1344.289 1 1344.29 4.94 p< 0.05 

bt days 24633.37 7 3519.05 12.94 p< 0.001 

Error 4080.63 15 272.04 

LSD 22.59 
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Appendix 0.4. 

ANOVA table for leaching of protein during chill storage 

Source ss df ms F significant 

Total 314.4756 31 

btsps 35.57 1 35.57 34.84 p< 0.001 

bt methods 25.96 1 25.96 25.42 p< 0.001 

bt days 23D.48 7 32.93 32.24 p< 0.001 

Error 22.47 22 1.021 

LSD 1.099 

Appendix D.S. 

ANOV A table for leaching of sarcoplasmic protein during chill storage 

Source ss df ms F significant 

Total 171.96 31 

bt sps 15.11 1 15.11 87.37 p< 0.001 

bt methods 51.94 1 51.94 300.34 p< 0.001 

bt days 101.11 7 14.44 83.51 p< 0.001 

Error 3.80 22 0.172947 

LSD for days 0.609 

Appendix 0.6. 

ANOV A table for leaching of myofibrillar protein during chill storage 

Source ss df ms F significant 

Total 20.00875 31 

btsps 0.845 I 0.845 8.28 p< 0.001 

bt methods 8.82 I 8.82 86.43 p< 0.001 

bt days 8.099 7 1.156964 11.34 p< 0.001 

Error 2.245 22 0.102045 

LSD 0.4684 
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Appendix 0.7. 
ANOVA table for changes in denatnred protein during chill storage 

Source ss df ms F significant 

Total 0.175822 31 

btsps 0.038503 1 0.038503 59.68 p< 0.001 

bt methods 0.018528 1 0.018528 28.72 p< 0.001 

bt days 0.104597 7 0.014942 23.16 p< 0.001 

Error 0.014194 22 0.000645 

LSD 0.3724 

Appendix D.S. 
ANOVA table for leaching of stroma protein during chill storage 

Source ss df ms F significant 

Total 1.009097 31 

btsps 0.073153 1 0.073153 31.38 p< 0.001 

bt methods 0.093528 1 0.093528 40.11 p< 0.001 

bt days 0.791122 7 0.113017 48.47 p< 0.001 

Error 0.051294 22 0.002332 

LSD 0.0708 

Appendix 0.9. 
ANOV A table for TPC on Chill Storage with or without GMP. 

Source ss df ms F significant 

Total 1.8177 51 

btsps 0.0003 1 0.00029 0.03939 NS 

bt methods 0.5508 1 0.55082 75.19154 P <0.001 

bt days 0.9955 12 0.08296 11.32481 P <0.001 

Error 0.2710 37 0.00733 

LSD between days 0.1223 
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Appendix D.lO. 
ANOV A table for TVN changes on chill storage dnring varions processing steps 

Source ss df Ms F significant 

Total 673685.3 79 

btsps 10026.24 I 10026.24 1.013 NS 

bt steps 559.667 4 139.92 0.014 NS 

bt days 258.68 7 36.95 0.004 NS 

error 662840.8 67 9893.15 

Appendix D.ll. 
ANOV A table for TMA changes on chill storage during varions processing steps 

Source ss df ms F significant 

Total 11544.62 79 

btsps 4367.195 1 4367.19 103.18 p< 0.001 

bt steps 654.6513 4 163.66 3.87 NS 

bt days 3687.046 7 526.72 12.44 p< 0.001 

error 2835.728 67 42.32 

LSD between days -12.93 

Appendix D.12. 

ANOV A table for alpha amino nitrogen changes on chill storage 

dnring various processing steps 

Source ss df Ms F significant 

Total 74907.6 60 

btsps 741.99 1 741.99 1.48 NS 

bt steps 546.61 4 136.65 0.27 NS 

bt days 49476.17 7 7068.02 14.05 p <0.001 

error 24142.82 48 502.98 

LSD between days -22.4271 
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Appendix D.13. 

ANOVA table for protein content on chill storage during 

various processing steps 

Source ss 

Total 547.46 

btsps 73.73 

bt steps 49.72 

bt days 402.00 

error 22.01 

LSD between steps- 0.8105 
between days - 0.5731 

df Ms F significant 

79 

I 73.73 224.46 p<O.OOI 

4 12.43 37.85 p<O.OOI 

7 57.43 174.84 P <0.001 

67 0.33 

Appendix D.14. 
ANOV A table for sarcoplasmic protein on cbill storage during . . vanons processmg steps 

Source ss df Ms 

Total 420.60 79 

btsps 36.71 I 36.71 

bt steps 98.33 4 24.58 

bt days 273.52 7 39.07 

error 12.04 67 0.18 

LSD between steps-0.5362, between days-0.4239 

Appendix D.1S. 

F 

204.23 

136.78 

217.40 

ANOVA table for myofibrillar protein on chill storage 

during various processing steps 

Source ss df ms F 

Total 44.28 79 

bt sps 0.26 1 0.26 4.74 

bt steps 21.89 4 5.47 98.12 

bt days 18.38 7 2.63 47.08 

error 3.74 67 0.06 

LSD between steps- 0.2987, between days-0.2357 

significant 

p<O.OOI 

p<O.OOI 

P <0.001 

significant 

p<O.OI 

p<O.OOI 

P <0.001 



Appendix D 

Appendix D.16. 
ANOVA table fr TPC on chill storage dnring varions processing steps. 

source ss df ms F significant 

total 28.31 129 

btsps 1.02 1 1.02 103.51 P <0.001 

bt steps 21.90 4 5.47 553.77 P <0.001 

bt days 4.28 12 0.36 36.09 P <0.001 

error 1.11 112 0.01 

Isd between 
0.07799 

Isd between 
0.08892 steps days 



Appe1Jdix E 

Appendix E.1 

ANOVA Table for changes in TVN during Frozen storage 

source total df rus F Significant 

ss 266.69 13 

btsps 35.52 I 35.52 14.59 P < 0.001 

bt days 216.56 6 36.09 14.83 P < 0.001 

error 14.60 6 2.43 

LSD 3.817 

Appendix E.2. 
ANOVA Table for changes in TMA dnring Frozen storage 

source total df rus F Significant 

ss 190.86 13 

btsps 25.52 I 25.52 15.29 P < 0.001 

bt days 155.33 6 25.89 15.52 P < 0.001 

error 10.01 6 1.67 

LSD 3.18 

Appendix E.3. 
ANOVA Table for changes in Alpha amino nitrogen during Frozen storage 

source total df rus F Significant 

ss 8505.46 13 

bt sps 16.94 I 16.94 0.5090144 NS 

bt days 8288.84 6 1381.473 41.510617 P < 0.001 

error 199.68 6 33.28 

LSD 14.11 



Appendix E 

Appendix E.4. 

ANOV A Table for changes in protein during Frozen storage 

source total df ms F Significant 

ss 66.66 13 

bt sps 16.26 I 16.26 20.45 p < 0.001 

bt days 45.63 6 7.60 9.56 P < 0.001 

error 4.77 6 0.80 

LSD 2.1818 

Appendix E.S. 

ANOV A Table for changes in sarcoplasmic protein duriug Frozen storage 

source total df ms F Significant 

ss 39.407 13 

btsps 2.889 I 2.89 523.06 P < 0.001 

bt days 36.484 6 6.08 1100.82 P < 0.001 

error 0.033 6 0.01 

LSD 0.181 

Appendix E.6. 

ANOVA Table for changes in Myofibrillar protein during Frozen storage 

source total df ms F Significant 

ss 42.82 13 

btsps 0.47 1 0.472 7.405 P < 0.001 

bt days 41.97 6 6.995 109.791 P < 0.001 

error 0.38 6 0.064 

LSD 0.62 



Appelldix E 

Appendix E.7. 
ANOV A Table for changes in Denatured protein during Frozen storage 

source total df ms F Significant 

ss 18.04 13 

btsps 0.17 1 0.17 8.52 P < 0.05 

bt days 17.76 6 2.96 152.88 P < 0.001 

error 0.12 6 0.02 

Isd 0.34 

Appendix E.S. 
ANOV A Table for changes in Stroma protein during Frozen storage 

source total df ms F Significant 

ss 0.0870 13 

btsps 0.0138 1 0.013829 49.64 P < 0.001 

bt days 0.0715 6 0.011917 42.78 P < 0.001 

error 0.0017 6 0.000279 

LSD 0.0408 

Appendix E.9. 
ANOV A Table for TPC during Frozen storage 

source total df ms F Significant 

ss 0.019 13 

bt sps 0.017 I 0.02 752.28 p < 0.001 

bt days 0.002 6 0.00003 11.56 P < 0.001 

error 0.0001 6 0.00002 

LSD 0.01177 



Appelldix F 

Appendix F.1. 

ANOV A Table for changes in TVN during various treatment systems 

source total df ms F Significant 

ss 130.25 13 

btsps 28.86 1 28.86 18.97 P < 0.001 

bt trmts 92.27 6 15.38 10.11 p < 0.001 

error 9.13 6 1.52 

LSD-3.ol8 

Appendix F.2. 

ANOVA Table for changes in TMA during various treatment systems 

source total df ms F Significant 

ss 59.95 13 

btsps 12.63 1 12.63 41.65 P < 0.001 

bt trmts 45.50 6 7.58 25 P < 0.001 

error 1.82 6 0.30 

LSD-1.34 

Appendix F.3. 
ANOVA Table for changes in Alpha amino nitrogen during various 

treatments 

source total df ms F Significant 

ss 9050.16 13 

btsps 296.24 1 296.24 11.36 p < 0.01 

bl trmts 8597.4 6 1432.9 54.93 P < 0.001 

error 156.52 6 26.09 

LSD-12.49 



AppendixF 

Appendix F.4. 

ANOVA Table for changes in protein during various treatments 

source total df ms F Significant 

ss 116.98 13 

bt sps 9.28 1 9.28 36.62 p < 0.001 

bt trmts 106.17 6 17.70 69.80 P < 0.001 

error 1.52 6 0.25 

LSD-1.23 

Appendix F.S. 

ANOVA Table for changes in sarco plasmic protein during various treatments 

source total df ms F Significant 

ss 109.74 13 

btsps 10.53 1 10.53 55.25 P < 0.001 

bt trmts 98.07 6 16.35 85.78 p<O.OOI 

error 1.14 6 0.19 

LSD-1.068 

Appendix F.6. 

ANOV A Table for changes in Myofibrillar protein during various treatments 

source total df ms F Significant 

ss 70.48 13 

btsps 5.65 1 5.65 18.19 P < 0.001 

bt trmts 62.97 6 10.50 33.81 P < 0.001 

error 1.86 6 0.31 

LSD-1.36 



Appeudix F 

Appendix F.7. 
ANOVA Table for changes in Denatured protein during Frozen storage 

source total df ms F Significant 

ss 0.51 13 

btsps 0.31 1 0.31 127.70 P < 0.001 

bt tnnts O.IS 6 0.Q3 12.39 P < 0.001 

error 0.01 6 0.001 

LSD-0.12 

Appendix F.8. 
ANOV A Table for changes in Stroma protein during various treatments 

source total df ms F Significant 

ss 0.15 13 

btsps 0 1 0 0 NS 

bt tnnts 0.15 6 0.02 20.71 p<O.OOI 

error 0.01 6 0.001 

LSD-0.OS4 

Appendix F.9. 
ANOVA Table for TPC during various treatments 

source total df ms F Significant 

ss 1.93 13 

btsps 0.02 1 0.02 56.39 P < 0.001 

bt tnnts 1.91 6 0.32 992.61 P < 0.001 

error 0.002 6 0.0003 

LSD-0.043 
-.. !lII3AlVri~ 

6.IV~ :.:.'V~ 
~ !)"'<')..... 

!;l ~~ .... c: 
• ' ," ;:::1 
~ $./' ~ 
~ ~/., ,:0.;1 ...• ,,' 

:\'" 


	Title
	Certificate
	Declaration
	Acknowledgement
	Contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Chapter 10
	Appendices



