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1. INTRODUCTION

commercial food pmservation medroda are aimed at prevendng cndesimble
changes in dre whole«,meness. nuhUive value and sensory quaU^ o food,
conuolling growth of microorganisms and obviating contaminahon by «
economic medtods. Thermal processing for long- term preservadon of foods c^e

•  u iv 1 century and the French man Nicholas Appert minto existenee m the early 19 cendtry »
1811 is credited as the inventor of this technology s

,- ♦1, „^ct Billions offood cans are processed annually

rd^nirri: —le «> .od P0i.nh.g du. hnproper processhtg
has been reduced to single digit figures.

a. ort r»f this preservation method. Appert sContainers are an im^r^^ P ^ ̂ preservadon.
pioneering work, whieh esta is containers are sdii used
was conducted using gj^vantages of glass are its liabiiity to
whon product display is esire mature during handlmg and relative
thermal shock during cooling, 8 (OTS) cans was an important
heaviness. Introduction of open top ^ body with soldered lock
development in canning industry. ̂  goj^e into contact
seam and unsoldered double seam sanitaiy. Tin plate
with food stuff packed and the easmess^ ̂
cans are most popular in use. It is m ^ thickness of the
with tin giving a final composition o o„ the size of the can. Tin
steei plate varies from 0.19 mm o . ^ ̂  ^ ^le
plate is now available in many sp«« ^ ^ ̂ size
correct choice depending upon ,„iu, a phosphorus content of 0.02
aeoded. Oenemlly a iow eP f.h cans. Tin plate cans./.called dVpeMRouali^.-^
e.be.threepiece.cansorWvop ^„,iner t.:

A» • pfins over ^yp

T, 'pirrcor.s adequately during shipment can he readiiyStrong enough to p



fabricated to desired size, capable of being heated for sterilization and readily

hermetically scalable at high speeds.

India is one of the largest producers of raw material for food processing

industiy in the world with the potential to be a dominant player in the
intemational food market. Though the value addition is still very low, one of its
major inabilities is lack of quality assurance and competitive innovative foods to
meet international standards. The seafood processing industiy in India is iargely
export oriented, confining mainiy on block ftozen sea foods. The traditional
processing sector consists of mainly the salted and dried, products, which cater to
the need of lower and middle- income populations of the country. Canning as a
method of food preservation is of minor importance at present and was at its peak
in early 1970% packing shrimp for export and slumped within a few years. The
collapse of seafood canning in India was attributed to lack of diversification and
dependence on export maricet only. Canning at present is mainly confined to vent
few species such as sardines, mackerels, tuna and crab meat The quantity
processed is almost insignificant and the market for canned product rt limited te
armed forees and a few Northeastern states. The non- prefitabihty of canning in
India as a method of seafood preservation is due to irregular supply of l^e
quantity of fresh fish species at reasonable cost, high cost of contamers resul m

A  which do not match the prevailingin high retail prices of ̂ .,ek of quality
purchasing power. ^

1—- *• —~ficli nacked in India is inconsistent anu uu . ^ ,
11 /lAnend on trial and error technique and rely

standards as the canneis usually depend on triai <u
•  rf. The common quality defects are gross underweight,more on previous ' j. whereas the



confidence. This involves a scientific approach to standardisation of procedures

and thermal process requirements.

The situation of seafood canning in India at present obviously points to the

urgent need for improvement in all aspects of commercial canning. The necessity

of undertaking investigation based on scientific principles in matters of

formulating procedures and processes for fish species, need not be
overemphasized. Systematic study and research on varieties of new products can
provide a good foundation for the future of the canning industry in India. The
seifood processing industry has been identified as a thnlst area for development.
This industry is included in the priority lending sector. Therefore a v/ide scope
exists to attract entrepreneurs for domestic and export trade. The demand for
processed seafoods is likely to increase significantly provided various aspects of
quality assurance are followed. As a WTO member, Indian consumer will have a
wide choice with imported commodities. Hence quality and cost ^e the
determining factors. The prevailing low labour cost and availability of raw
material can be advantageously used. In this direction the use of tin plate can is
promising for theimally processed foods as an alternative to other containers.

In view of the above facts, the present investigation was taken up to
standardise a procedute for the thermal preceding of cuttlefish nldamental gland,
packed In tin plate can. The advent of multl- day trawling In west coast of Ind,a
has resulted In the availability of cephalopoda, a major Item In the seafood trade
of the country, which forms atound 7.14 % of our seafood export value. Tltey ate
exported m different forms such as whole, whole cleaned, double skinned, strips,
beaks, wing and roe. The seafood products exported under the name cuttlefish roe
Is, In fict, the accessoiy reproductive gland, the nidamental gland. It is p
flattened glands associated with the female reproductive system In cephalopo<ls.
TTie glands are extracted from matme specimen of female cuttlefish and exports
as a frozen pieduct. Members of Eumpean Union (EU) and Japan ̂  Jhe major
finpofler of cuttlefish products fiom India. Thermal processing of ni—
g,a.d has not so 6r been attempt«l. Hence thermal processing of culJefish



nidamental gland to produce a ready- to- eat product packed in tin plate can will
definitely lead to realization of a high unit value.

In this investigation an attempt has been made to study the raw materiai
chamcteristies and to amive at a standard processing procedure tmd optima
thermal process for the product, packed in tin plate can. It is hoped tot tins stut^y
„n, he uselul in attracting entrepreneurs to venture in producmg a untfcrmlsuperior quality thermai processed products at affordablecosts.rev.vethecann,„g

industry and generate employment potential.
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2. REVIEW OF LITERATURE

Heat processed foods, though often referred as "canned foods" include heat

processed foods in bottles, jars, pouches and metal cans. The heat treatment is

applied with the objective of destroying specific, usually pathogenic organisms

and also spoilage causing microorganisms, ignoring those which are non health

hazard and not capable of causing spoilage. Thermal processing of foods

constitutes a significant part of the world's food preservation technique. With the
growing demand for convenience, the need for off the Shelf, ready to cook and
ready to eat packaged food is constantly on the rise. The industry has also to pay
attention to the factors such as, the demand for portable ready to eat packaged

food, which can be carried home, or to the work place, use of safe packaging
material, use of recyclable and enviionraent «endly biodegradable materials.
running is ouc of the important methods of fish preservation for future use.
Extensive information exists in ail aspects of food canning in general like works
of Baumgartner (1956), Bail and Olson (1957), Ross (1966), Lock (1969), Kramer
and Twigg (1970), Stumbo (1973), Gilbert et al. (1982), Stumbo et al. (1983),
Lopez (1987) and Latousse and Btown (1997).With the improved raw material
availability, libemlized economic and bade policies of the government it is hoped
that the seafood canning industry in the country can be revived.

2.1 PRINCIPLE OF THERMAL PROCESSING

•wrx ;c not designed to destroy all microorganisms in aThe t ema result in low product quality due to the
pac ge pro uc . pathogenic microorganisms in a hermetically
long hearing requned Instead fte
sealed container are desrioye . , microorganisms. In order to

determine the ex . , ̂  .f .he target microorganism, spore or enzyme
1 tvne hc&t rcsistencc of tiic S ^198 ). ̂  conditions; thermo-physico properties

process.



Foods contain different microorganisms and/or enzymes that the thermal

process is designed to destroy. In order to determine the type of microorganism on

which the process should be based, several factors must be considered. In foods
that are vacuum packed in hermetically sealed containers, low oxygen levels are
intentionally achieved. Therefore, the prevailing conditions are not conducive to
the growth of microorganisms that require oxygen (obligate aerobes) to create
food spoilage or public heaith problems. Further, the spores of obligate aerobes
are less heat lesistant than the mierobiai spores that grow under anaerobic
conditions (facultative or obligate anaerobes). The heat resistance of food spoiUge
microorganisms has been studied extensively and thermal resistance data are
available for the more resistant organisms in a variety of products (Esty and
Meyer, 1922). The heat tolerance of micioorganisms is greatly influenced by pH
or acidity. From a thermal processing standpoint, foods are divided into th.ee pH
groups: high- acid foods (pH < 3.7). acid or medium- ac.d foods (3.7- 4.5) and
low- acid foods (pH > 4.5). With reference to thermal processing, the mo^

.  rr 1 -flwott-nn ic the dividing line between acid andimportant distinction in the pH classrfrcatron rs the orvr
low acid foods.

•oi ^miivalent for the reduction of viable
<;teriIization or its commercial equivaien

•  j 1 1 forms the basis of a subst^tial class ofmicrobes to some predetermined level, form , rvumar e/
A ;o narticularly important in canning (Kumar et

food oreservation operations, and is parti y c • • o
u  • of sterilization is the destruction of microorganismsn/.. 2001). The main purpose of steni^^^^^

by heating, which causes

However, the use of non pa (Ra„ganna. 1986). The argument
particularly ail other less heat resistant spores can be
is that once these have been destroyed, a
safely assumed to be destroyed.

Most of the ■^^'J^jtrchTat^ly L resistant, rod- shaped.



under favourable conditions, which leads to ^botulism' in man. It has been

generally accepted that Clostfidiwn botulinum does not grow and produce toxins

below a pH of 4.5 and is a potential health hazard only in foods with a pH above
4.5. Therefore, all low acid foods should receive a process that is adequate to

destroy Clostridium botulinum. Generally canned foods receive a heat treatment
that is more severe than that required to destroy Clostridium botulinum since

several other species of microorganisms have a greater heat resistance. An order-
of- the- process factor of 12D is used in the commercial heat processing of low
acid foods that do not contain preservation levels of salt 'Or other bacteriolabile or
bacteriostatic chemicals (Gillespy, 1951).

2.2. PACKAGING MATERIAL FOR THERMAL PROCESSING

The new millennium is dominated by principal changes in the social,
ecological and economical structure of the world population and its relation to
food and nutrition. Contrasting situation exists m the world on post harvest sector

A  j !•*, in industrialized countries as againstr., excess supplies of good quality food in inausmau
1  • Tn solve these problems there is an urgentaovere hunger in developmg nations. To , , t

4. +;oi nf food science and technology. In thisneed to use all the innovative potential of food scien . .
wirorrina tcchnology havc modernized the fooddirection, the improvements m packagmg . j i •

j  ̂ frnm food process engmeers m developmgindustry world wide with food support from food pro a
.  otxsriol machineries, process design and

suitable processing and packaging material, macnin , p
c  nrpdictably. Various kinds of packagmg

orocessine systems that perform predictaDiythe development ofthe canning technology.
materials have been in use since

2.2.1. Glass

t- itinrffanic transparent, brittle, substance made
Glass is a hard. with certain ba.sic oxides

by fusing silicates, ,^„aUization. It is a senior member of the
and then rapidly cooled P ^ ̂  ^ foog
family of packaging ma e successfully developed the
nackaeing. Nicholas Appert, the

VIZ.

severe



Glass containers have limited use as a container for heat processing of

foods, despite the advantages of glass is being pure, easy to clean, corrosion free,

leak proof, recyclable and transparent (Gray, 1950). The major problems with
glass containers are the breakage problem and pressure cooling. Breakage can be
reduced by cai eful handling and by avoiding scratches. The blowing of lids during
cooling under insufficient pressure may be counteracted by careful, preferably
automatic regulation of the pressure during cooling (Anon, 1952) or by applying a
special spray cooling (Powers et al. 1951). Bramsnaes and Ramussen (1953)
found that glass jars require longer processing time than tin plate cans of similar
size. Glass Jars are mainly used for home canning purposes and a new processing
recommendation for home canned smoked fish in glass Jam was made by Raab
and Hilberbrad (1993). Marketkar (1998) described the different types of tests
required for container. The adequacy of process time is important, as glass cannot
be processed at high temperatures safely.

2.2.2. Aluminium

Although, the canning as a method of food preservation was ̂  in glass
jars the rigid metal containem became veiy popular. The traditional tin plate cans

.. I cans Aluminium containers were
have progressively been replaced by aluminium cans. A
used for packing meat and fish products as early as 191 .

,n 1930 A/s Nomk Aluminium Co. carried out extensive investigation onIn 1930, A/s Nomk A ^

use of aluminium sh« ^
Jimenez (1969) (,972) suggested a suitable food
vegetable resistance. Nareri. er u/. (1988)
grade lacquer coatmg . cans by electrochemical studies and
studied the corrosion behavior o ̂  aluminium cans as compared to
found that ' ̂̂ribad the suitability of different aluminium
lacquered ones. Lahin (1? ) gahavior of
alloys for various food pro uc .aluminium cans. Lakhsminaiayan (1992) report



100 % recyclable and biodegradable. Srivatsa et al (1993) studied the suitability

of indigenously prepared aluminium cans for canning different food products. The
standard aluminium of 99.5- 99.7 % purity is obtained by addition of one or more

elements like magnesium, silicon, manganese, zinc, copper etc. (Mahadeviah and
Gowramma, 1996). Ranau and Oehlenschlaeger (1997) studied the aluminium
content in fish and fishery products and concluded that aluminium content of
seafood does not present a significant heaith hazard. Balachandran et al. (1998)
reported that the best promismg alternative to tin plate has been considered as
aiuminium alloyed with manganese and magnesinm;' The advantages and
disadvantages of aluminium alloys have been described by Balachandran (2001).
Ra iau et al. (2001) studied the changes in aiuminium concentration of canned
herring fillets in tomato sauce and curry sauce.

2.23. Tin- free steel cans (TFS Cans)

This was developed in Japan with the objective of providing a material,
which did not tequire tin as surace coating materials. TFS is an unport^t
alternative to tin can. ITS has a steel base with chromium/ chromium oxide
coating on the surfece leplacing the tin in conventional cans.

Barbeiri er «/. (1970) atudied the suitability of various ty^ of chromta-
ooated steel against tinned steel for packaging food product, ̂ e various TPScoated steel again ^mients applied to the steel and
mmerial differs mainly with ,^.„ei adhesion
the msulting diffeionces in corrosion i^ J
(Anon, 1974). Tin free steel cans ̂  ^
carried out showed that the qua ity ^ ,2
organoleptic ^ teve loviewed on the chromium
months ofstorage at 37 . for canning food products. Morries
coated steel plate as an alterna ̂  ^ materials using polyester as a

>—• •'
coating material for pioc-ssin container. The recentstudied groundnut oil packed in en-frauste
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development in India is the introduction of polyester coated tin free steel cans

suitable for canning fish and fish products. Mallick (2003) studied the suitability

of polyester coated tin free steel cans for the thermal processing of rohu curry.

2.2.4. Retort pouches

Retortable pouches, as the name implies, are pouches capable of
withstanding retorting opeiaticn, are the latest development in the canning
industry. The retort pouch is a rectangular type package.vsually made up of three-
iayer lamination. Some manufacturers give additional layer for better barrier
properties. It is usually made up of outer polyester, middle aluminium foil and
inner polypropylene layer. The outer laminate, which is polyester, provides
atmospheric barrier properties as well as mechanical strength. The aluminium ply
provides protection from gas, light, moisture and ensures a better shelf Ufe. The
inner polypropylene layer provides the best heat- sealing medium.

One of the early studies on the use of pouch was by Hu et at, (1955)
reported the feasibility of using plastic film packages for heat- pro«ssed foods.
Lampi (1967) reported the microbiological problems &ced in foo s pac

.. . I /I ocmrpnnrted the effect of light and oxygen onretortable pouch. Ishitani e/ al (1980) reported me
ui nacked foods. Madhwaraj et al (1992)

the quality changes of retortable pouch pacK
.  u fl -uir. nnuch is due to contamination of seal area.reported that spoilage in the flexible pouch IS aue

A +1. t fich currv remained sterile throughput theViiayan et al (1998) reported that fish cuny rem ' . .
,  at ambient temperature and retamed

storage period of more than one year at am ^ ^ ,
.  rnnal et al (2001) reported that traditionalacceptable sensory characteristics. Gopal et at. K } ^

.  j • jrtHiffenous retort pouch and processed to a hoKerala style fish cuny packed m mdigenous ret v
(accumulated lethality) of 8.43 gave a better texture.

2.2.5. Tin plate can

Tin is the most ideal metal for thermai processing and have a lion's share asTin ,s the mos

ftr as packagmg o oo 2 % tin

appeatance in 1810. The tin plate can is made of abo
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coating on either side. The base steel used for making can is referred to as CMQ
or Can Making Quality steel. Corrosion behavior, strength and durability of the tin
plate depend upon the chemical composition of the steel base. Depending upon
the degree of workability, strength and corrosion resistance required in the case of
tin plates four types of steel are specified. They are type L, type MR, type MC and
type M. First three are produced by cold reduction process. Type M is similar to
type MC in composition but produced by hot reduction process.

The can body protects the contents against the entry of microorganisms,
insects, air, iight and moisnne. They a« light in weight and ean be bandied with
ease. A vety important advantage is that they can be sterilized at high tempemtnre
and pressure. Its unique advantage iies in the combination of the strength of the
steei with the protective pmperties and the gloss of dte tin layer. Regaling tts
cotrosion resistance and staining properties, the steel plate may be constd^ to
be covered on both sides with 4 layers; alloy, tin, pmtcctive oxide and o.l (Ho^

.  j A tin matins necesslssted the development of
1950). The trend towards reduced tin coat g , .

•  4^ Manv such protective lacquers have beenenamels or lacquers as reinforcement. Manyo  ̂ . , typg of canned food

spraymg, whtch .s more needed as
manufacture of the can. Th P inline oxide (IMAO)
coating for species containmg a ar ^ ̂
(Anon, 1953). Epoxifide acquers ^ ̂  p^pp,j^o„_xhenon-toxicilyof
sulphur msistant and tiius have a
can linings has been stresse ^

contact with acidic aiereby dissolving the latter
thus tin becomes anodic to iron m

(Albu-Yaron, 1992; Gowramma e/a/., 1981).
mtisidered as the ideal packaging material for

Tin plate containers are a<ivantag.is compared to otherpreservation of food pioducts due ,0 the r i^y
packaging materiaKKapoor, 2001: Joshi, 2001).
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2.3. STUDIES ON THE USE OF TIN PLATE CAN FOR SEAFOODS

Canning procedures for three species of sardines landed on the east coast of

India have been worked out by Srinivasan et al. (1966). An attempt to can Indian

style fish curry in tin cans was made by Rai et al. (1971). A study was carried out

by Choudhari et al. (1978) for the prediction of drained weight of canned prawn

under laboratory condition in tin cans. Saralaya and Nagaraj (1980) standardised

the methods for canning of skinless mackerel fillets in quarterdingly cans,

adopting deskinning by lye peeling. The method consists of dipping of fillets in

boiling 1 % NaOH solution for one minute. George et al. (1985) found out that

fi'esh 'fro2:en sardines were found to be suitable for canning in tin cans and can be

stored up to 10- 24 weeks depending upon the season and initial quality. Later
Vijayan and Balachandran (1986) developed sardine fish cuny in tin cans.
Canning studies with tin cans were done with freshwater fish rohu (Balachandran
and Vijayan, 1988). They studied the effect of citric acid and calcium chloride in
the brining solution to improve the texture.

2.4. THERMAL PROCESS TIME FOR CANNED FOODS

The thermal processing is mgaMed as the critical control point in canning. It
is essential for the estabiishment of safety and stabili^ of end prodncts.
Estabiishment of scheduled processes is important for successful canning. The

of minimum initial temperature, process time- temperature,
fcFocm ore regarded as critical in canning. The first andoverpressure, venting of steam, are regoiu

•.,0 thr. thermal process time for canned foods wasforemost attempt to determine the therma p
, nooo'i The method introduced by Bigelow and co-

done by Bigelow et al. (1920). me luo"
r  or! oc «£reneral method' in canning mdustiy. Thisresearchers is usually referred as general mcu ^

1  • ^orrrotinn of the total lethal effect for the time-method involves the graphical integration ot me total

temperatura combinations, which the 'cold spot' experiences dunng a thermal
pracess. The main drawbacks of this method is that it can be applied only when

Hitions such as retort temperature, initial temperaturethe required processing conditions, SUCH as reio v

and can- size aie identical with those of the given heat penetration data.
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Ball (1923) developed a 'fonnula or analytical method'. This is simpler but

many mathematical and empirical assumptions have to be made. The symbol F©
introduced by Ball permitted a direct comparison of the relative sterilizing
capacities of different heat processes. Olson and Stevens (1939) introduced the
nomographic method applicable to canned foods exhibiting straight Ime semi-
logarithmic heat curves. Stumbo (1948, 1949 and 1953) showed the relation
between microbiological aspects and process calculations and described new
procedures for evaluating thermal process for foods In cylmdncal containers.
Based on general method. Patashnik (1953) gave a simple method of process
calcuUtion. Ball and Olson (1957) improved Bali's original procedure by
introducing two parameter which were related to the sterilizing values of heating
and cooling phases of heat processes. Stumho and Icngley (1966) have given
tables of the parameters 'fhAJ' and 'g'. Rao and Prabhu (1971) calculated the F,
value by gmphical and formula methods for the standard wet pack of medium
grade cooked shrimps.

2.5. HEAT PENEfRATION AND THERMAL PROCESS EVALUATION
47 • rvi^inlomcallv stable state, the amount of heatFor the attainment of microbiologica y ^ . -r a Thi<= ic

essine need to be verified. This is
received by the product during the therma p . . 1.1, a

fiio within the product during both heatmg anddetermined by the fi„g^ental aspects of
cooling phases. Extensive ^ ̂ Heat penetmd^^Hea.hansferandthemea..by^-J^^^^^^
are indispensable to develop organoleptic
aie effect of thermal pro«ss focusing the thermal
qualities of the product. temperature relationship within the
death times of microorganisms an ,<,73. yinteis et at., 1975;
can are available (Ball and O ^ earrled out In
Hersom and Hulland, 1980; co ^
India on this aspect m George (1987). Pujar (1988)standaixlisation of Saralaya and Bhand ly I

and Parshw^anath (1989).
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The factors influencing the rate of heat penetration such as the

characteristics of the container, contents, retorts and mode of heating have been

studied very extensively and lot of literature exists on each of these factors. Some

of the important reviews related to present study are those by Gillespy (1951),

Stumbo (1953), Ball and Olson (1957), Hayakawa (1969), Bhowmik and Tandon

(1987), Berry and Buch (1988) and Tung et al (1988). The thermal conductivity

values of various food stuffs are given by Woodams and Nowrey (1968).

Determination of the time- temperature histoiy.of processed food has

practical and safety implications. Navankasattusas and Lund (1978) have
discussed methods for time- temperatme profile evaluation and measurement of
lethality in processed foods. Data on thermal process schedules, which mdicate
the Fo value, time and temperature of the processing, are available in the literature
(Lopez, 1996). Time- temperature histories may be derived by using direct
measurements or by mathematical modeling (Tucker and Holdsworth, 1991).

2.6. EFFECTS OF THERMAL PROCESSING ON NUTRIENTS IN
SEAFOODS

Fish is mainly a valuable soume of prntein. iodine, B- complex, fat soluble
vitamins and poly unsaturated fatty acids (PUFA) (Borgstrom, 1965), Altho gh

•  ..vvvxronnkms and spores inactive, it may causethe thermal processing makes microorganism P ^ ^ ...
•  1 +€• that leads to deterioration of product quality,destruction of essential nutrients that leaas lo

+/% tnflvimizing quality retention for a specified
Much attention has been given to maximizing qu ^

.•cm moldsworth, 1985; Silva et al, 1992).reduction In undesirable microorganism (Holdswo ,
j 4.' r\f heat- sensitive vitamins and other qualityHowever, since the degradation of heat sensiu
H Mture will take place along witli the microbialfactors such as colour and textur ..r j

+jinF» and temperature must be utilized.

—• -of d..- sofcV >0 „ of, l»S). I. ho. .0" -opo™!
over proeessmg or un .

rrrrrj'-r— ̂  - - •• -"
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theimal processing on the nutritive value of food. Bender (1972) has given the

effect of heat on proteins in fish and the implication of heat damage on protein is
revealed by Ford (1973). The reduction in lysine content during thermal
processing may go up to 25 % (Tooley and Lowrie, 1974). The fish lipids are
sensitive to change during heating. An increase in peroxide value has been
observed in canned sea foods (Taguchi et al, 1982; Taneka and Taguchi, 1985).
The effect of thermal processing on these nutrients has received increasing
attention as processors tend to overcook the product to achieve product safety, and
the nutritional and sensoiy changes in fish canning has been reported by (George,
1987). A decrease in TEA value. TMA and vitamin B, (thiamine) for shrimp,
minbow trout and Alaska pollock have been reported. Ma e/ a/. (1983) reported a
toughening during the initial stages of heating and softening during the later stage
of processing for shrimps and mussels. Taneka and Taguchi (1985) and George
(1987) reported about the changes in nutritional and sensoiy characteristics m
canned fishe.y producta. A decease to TMAO was observed to cooked squrds
(Kolodziejska to al.. 1994). Mochizuki to al. (1995) have analyzed toe texn^ of

Fellows (1990) has reported that
cooked squid meat at different temperatures. Fe t

.  'A. Jr. ennned oroducts to the extent of about
there will be reduction of amtoo acids in canned proa10-20%. The effects ofthemral processing to shrimp has revealed to ep

content in shrimp, mainiy the adentoe and hypoxanthine. decrease during thermal
processing (Lou. 1997).

2.7. STATUS OF SEAFOOD CANNING INDUSTRY IN INDIA
!.«, makes canned fish a widely accepted product

Diirabilitv and large variety maKcs. .
A irvtinn in snite of high cost. The seafoodutilizing 14 % of world seafood production m spite 01 gi .

utilizing a relatively small scale. Commercial fish
cai ning industry in India is operatingcaa.ning m y j^^^rly 60-

eamrtog to India .i^ted in Keraia. Aii the
20 canneries operating and ^ ^ ̂

reral reasons have been athibuted to this debacle, such as dependence on one
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raw material (shrimp) and a single market (export) (Saralaya, 1976), along with
uneven supply of fish and day to day fluctuations in their prices, poor marketing
effort and lack of Government support (Mascarenhas and Saralaya, 1986).
Inconsistent quality of canned products and lack of process control resulting is not

conforming to the standards are the major reasons for the lack of buyers for Indian

canned fish. Many alternatives have been suggested, like use of indigenously

produced tin plate and diversification of canned product (Anon, 1983; Perovic,

1983; Pillai and George, 1984; Mahadeviah, 1985; 1990). There is an urgent need

for improvement, in all aspects, of commercial food canning in India.

Recently, market for processed foods has been growing at a greater rate due

to change in life style and food habits of the people. The normal packing media

like brine and oil are more suited to the western taste.

2.8. RESEARCH ON SEAFOOD CANNING IN INDIA

The research of seafood canning in India started at the end of I960 s. Earlier

studies were confined to shrimps (Nandakumaran et oL, 1969). Govindan (1972)

has given an account on the possibility of utilizing various fish species for
canning in India. Several researchers felt that the dependence oi shrimp alone for
canning is risky (Chidambaram. 1976; Saralaya, 1976). Work on standardisation
for canning of oil sardine (Srinivasan et A 1966, Sen and Revankar, 1971,
Madhavan el al„ 1974, Nigam. 1974), tuna (Madhavan and Balachandran, 1971;
Balachandran el aU 1982), sardine in natural pack (Nair et al., 1974), lactanus
(Balachandran and Madhavan, 1976), squids (Varma and Joseph, 1980;
Raghunath and Soianki, 1986; Parshwanath, 1989), seer fish (Nasser, 1980), giant
cat fish (Ranganath, 1981), edible oyster meat (Balachandran et al., 1984), white
sardine (Jeyasekaran, 1985), rohu (Balachandran and Vijayan, 1988), Kerala style
fish cuny (Vijayan el al., 1998), mackerel cimy (Gopal el al., 1998). rohi. cuny
(Sonaji er n/.. 2002) and seer fish euny (Gopal er al., 2002) have been reported.
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Saralaya and Nagaraj (1978) standardised methods for canning of shell

fishes, namely, clams in different media, such as oil, brine and masala. Several

studies to generate supporting data for standardisation of canned products have

been carried out among which the notable ones are studies on the effect of

precooking in fish during canning (Joshi, 1978), studies on the factors influencing

heat penetration and sterilization in canning (Venkatesha Murthy, 1981 and Pujar,

1988). Investigation on the effect of thermal process variation on the quality of

canned mackerel was also done (George, 1987).

2.9. CEPPIALOPODS

Cephalopods are exclusively marine molluscs and there are about 660
species In the world oceans, which are dlveise In form, size and nature (Voss,
1977; Worms, 1983). Of these, less than a hundred species are of commercial
Importance. In Indian seas there are about 80 species of cephalopods of
commerelal and sclenriflc Importance (Oommen, 1977a; Sarvesan, 1974). In
recent years, the cephalopods have gained great Importance owing to the
Increasing demand, next to shrimp. In the export trade. Cephalopods were fished
from the seas around India from very early times and at present, constitute one of

.  . j • fichrarv resources of our country. About three-the important exploited marme fishery
.  . 1 /yn the west coast, with the three maritime

fourth of the present catch is landed on tne west cu
j /-s .sofot accounting for the lion's share. The

states Kerala, Maharastra and Gujarat- accounirng
•  T ji, i. mainlv constituted by two species, viz.. Sepiacuttlefish fishery m India is mamyry,//ey,f/iA'a«ce///7 is the single species that almost

pharaonis and Sepia aculeata. Lo g * j u* i,
r- . 47 The sauid and cuttlefish are noted for highconstitute the squid fishery of Indra. The squra

,  A r„„.. the entire catch oflndlan cephalopods rs exportedyield and lack of bones. Almost th
s  A. I, Irrnnd consumptlon depends to a large degree on

to the overseas market. Cephalopod
fn#vr tastes again, consumer acceptability of any

traditional habits and consume » j? a.u r*, 47
u  Hfv nf the raw product and therefore, the quality ofnroduct depends upon the qualrly of the raw prproouc p p . products are to be ensured before they are

cephalopod raw materral and finrshed proa
processed and exported.
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2.9.1. Proximate composition

Investigations of the proximate composition of the meat provide the basic

data on the chemical properties of the raw material (Kreuzer, 1984). Japanese

scientists, Matsumoto (1959) did fundamental research on chemical components

of cephalopods, especially proteins, while Tanikawa et al. (1953) mainly carried

out applied research.

2.9.1.1. Moisture

The cuttlefish, Sepiella inermis, was reported to have a moisture content of

74.7 % and squid, Loligo indica, 75.05 % (Suryanarayanan et aL, 1973). Joseph
et al. (1977) reported an approximate moisture content of 83 % in squid (Loligo
spp.). Cuttlefishes, Sepia pharaonis and Sepia escidenta, were found to have a
moisture content of 76.4 % and 81.5 %, respectively (Suyama and Kobayashi,
1980). Raghunath (1984) has reported a moisture content of 78.33 % in the squid,
Loligo duvaucellii. The cuttlefish. Sepia aculeata, was observed to have a
moisture content of 76.85% (Joseph and Perigreen, 1988). Selvaraj e/./. (1991)
reported 82.9 % moisture content in squid, Loligo duvaucellii.

2.9.1.2. Protein

Mu^le pn>tein. togete wifl. non- ntogenous compounds am
refenod to as cmdo pmtcin and the percentage distribudon varies in diffemnt food
myosystems. The cnrde protein content in seafood depends on dte species and
variety, the state of nutrition, the stage of the mptoductive eye c of the an^a. and
on specific properties of the different parts of the organism (Stkorskt. 1994a).

Migita and Matsumota (1954) found 55.5 % of wamr egtntctabie protein in
-.4 4 ,o 27 5 % in eaips and 22.3 % in home mackerel. The crudesqurd compared to 27.5 / ^ ^

protein content on dry w g ^ Magar. 1972). In
mspectively in. 5epfn onenhrim »d ^
squid (Lotigo spp.) an approximate protem con
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Joseph et al (1977). Sastiy and Srikar (1985) reported 3.13 g total nitrogen

content/100 g in Sepia aculeata. The squid, Loligo duvaucellii, was reported to

have 3.11 % total nitrogen, 1.41 % water soluble nitrogen and 0.72 % non protein

nitrogen (Raghunath, 1984). Selvaraj et al. (1991) reported total nitrogen content
of 2.8 % and salt soluble nitrogen of 0.6 %, in the squid, Loligo dwaucellii.

2.9.1.3, Lipid

The lipid in the body and in the diet constitute a concentrated fonn of
energy for metabolism and storage purposes and may also serve important non-
caloric metabolic functions (George and Berger, 1966).

Pandit and Magar (1972) reported a lipid content of 3.9 % for Sepia
orieaiolis and 4 % for Loligo vuisaris on dty weight basis. Ute cephalopo^
Sepiella imrmis and Loligo indica. were reported to have a hptd «>»»»'^ ̂.56
% and 5.4 »/., respectively, on dty weight basis (Suo^anarayanan et 1973) ̂

471 4i,o« 1 was found in squid (Loligo spp.) byapproximate fat content of less than 0/
. ̂ /I nhserved a fat content oi U.oi /o

Joseph et al. (1977). Joseph and Pengreen (198 )
in Sepia aculeata, on wet weight basis.

2.9.1.4. Minerals
1  4Vnm their diet and surrounding waterAquatic organisms absort. mmera s^ ̂

and deposit them in skeletal of inorganic consUtuents
ash content of a particular anima

present in the tissue. Mmera s are maintenance of colloidal
mle they play in die besides being a k^^
system and regulation of acid- Accoiding to Kuhcau
hormones, en^es and en^me a ^vertebrates is of
(1962) the consumption especially when there is a lack of
particular value in every .sta ^ O-ace element,
animal protein and an excess o s oonsideiatioas and
Minerals are significant because of fteu
their influence of taste and flavour
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Most trace elements are however, found to be high in the viscera than in the

muscle of marine invertebrates. Pandit and Magar (1972) reported the ash content

in Sepia orientalis and Loligo vidgaris was 8.41 g/100 g and 7.4 g/100 g,

respectively, on dry weight basis. Suryanarayan et al. (1973) reported an ash

content of 13.42 % in Sepiella inermis and 12.5 % in Loligo indica on diy weight

basis. Joseph and Perigreen (1988) reported 4.53 % ash content on wet weight

basis in cuttlefish. Sepia aculeata. In Loligo pealei and Ulex illecebrosus the ash

content was found to range from 0.8 % to 2 % and 0.3 % to 2 %, respectively over

a period of 2 years (Krzynowek et ah, 1989).

2.10. LOW TEMPERATURE PROCESSING OF CEPHALOPODS

Quality has been defined as aggregate of separate factors, each of which has
some influence on acceptability (Howgate, 1978).

The keeping time in ice of the squid, Nototodarus doan! gouldi, caught off
the south west coast of Tasmania, was investigated by Young et al. (1973). It was
found that the materiai remained acceptabie for up to eight days and the water
content of squid incieased significantiy with time in ice or chiiied seawater.
Joseph et al. (1977) found that during iced stomge of whole cieaned squid, the

fvnntent decreased considerably. Based ontotal nitrogen and non protem nitrogen conten
.  . , , X- u .vrro- it was seen that squid meat could not be

biochemical and organoleptic change^ it was
.... ,-rtre than two days, lllex illecebrosus and

kept in ice, in prime condition, for more man iw /
Loligo pealei, iced in boxes with a squid to ice mtio of 2:1, had an avemge total
keeping time of 6.3 days (Leatson and Ampola, 1977). Icing squid in bulk is not
regarded an appmpriate method for pteserving high quality squid (Kmuzer, 19 4)

•  • 4-u€xf hiilk icins cannot be considered a methodAmpola (1980) is of the opinion that, bulk icmg ca.
• j • uirrU niialitv on board the fishing vessels, in

suitable for maintaining squid m high quality on ooar b
el c«nparance are concerned, although spoilage isparticular so far as texture and appearance ar ,

,  . , and True (1981) estimated the shelf life of
retarded, if properly, iced, Sla yj < j ♦ n <soluble
whole squid (die. illeeeirosaa), chilled in brine upto 5 days at 0.6 C. Solubie
nitrogen in squid (Loligo dmaucellii) ^ ™
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the ratio of, 1:2:0.2 by weight, was studied by Raghunath (1984). Sastry and

Srikar (1985) reported the ice stored cuttlefish meat as good only upto 2 days, fair

upto 4 days and acceptable upto 6 days of storage in ice with reference to both

texture and overall acceptance. Steady decrease in total nitrogen, non- protein

nitrogen and salt soluble proteins were observed during storage. Nakamura et al.

(1985) investigated that in the case of squid, k- value may not be a suitable

indicator of fi'eshness. Increase in k- value of common squid after catch is much

faster than that of fish, because of differences in degradation pathways of

adenosine triphosphate (ATP), and its related compounds. Yamanaka etal. (1987)
reported agmatine as a potential index for freshness of common squid (Todarodes
pacificus) stored at, 0»C, S-ST and 15»C. Park and Hur (1990) studied changes in
fi'eshness during iced storage of conunon European squid (Loligo vulgaris).

Freezing and fiozen storage prolong the sheif life of seafood by retarding
enzymatic and microbiai degradation. But protein denaturation occura during
prolonged storage resulting in moisture loss and texturai changes (Seivaraj.er al.
1992).

Joseph et al. (1977) studied fiozen storage changes in squid. Loligo
duaoaucellil. Quality tests indicated that fiozen squid stored at .18»C or lower can
be kept for one year in good quality for direct consumption or for precessing OCe

,  X of.. found effective in preventmg
et al., 1979a). L- sodium giutamate, was tounu y e

hv Iffuchi et al. (1981). With regard to thedenaturation of squid muscle protein yg^ xx- juxd;.
'A Qtfinlev and Hultin (1982) found that fi-ozenfrozen resistant nature of the squid, Stanley ana nu ^ „

nofihem AtlanHc squids. Infigo and Ille. lllecelttosas, were s,gn«
tougher than their fiosh materials, which might be caused by protem cross- l^g
because of high levels of dimethyl amine (DMA) and fonnaldehyde. io tgo

inoH qiflt 20°C was found to show good sensoiy quality.vulsaris, stored for 100 days at -20 Lr
almost constant during the entire storage period,Prntfin solubilitv also remamed almost co ,. , , .Protem soln ty moalBtks 1982). Protein solubility, thiobarbitunc

acid (TEA) values and " ^ gmith (1984) also
at the Instituto del Frio. Madnd (Kreuzer. )
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reported that freezing produced a tendency for squid muscle fibres to lose their
outer membranes. Effect of raw material quality on the shelf life of squid {Loligo

duvaucellii^ mantles, was studied by Joseph et al (1985). Changes in freshness of
Japanese common squid {Todarodes pacificus) during cold storage was studied by
Nakamura et al. (1985). The freezing and cold storage characteristics, of cuttlefish
fillets have been studied by Joseph and Perigreen (1988). Park and Hur (1990)
studied the skin stripping, freezing and thawing conditions of common European
squid (.Loligo vulgwis). Selvaraj et al. (1991) studied the effect of ascorbic acid
dip (0.5 % w/v for 10 rain) treatment on ftozen storage of squid (Loligo
duvaucelim. Toughness of the raanties of cuttlefish (Sepia phaeaoais) wera found
to increase when they were fl-ozen stored at -lO'C for 0. 0.5.1, 2 and 4 months
(Yuh and Chan, 1998). Sophia and Sherief (2003a) have reported the effect of
diffetent tteatraent on the ic«l storage shelf life of cutdefish (Sepia aeuleata)

,. ^ in 9 % citric acid solution improves
fillets. They have shown that dip treatment in
fire appearance and overaii quality of cuttiefish fillets. The treated sarap.es was
organoiepticaiiy in good condition for 4 days and fair up to 6 ̂ys srarage
and discolouration was noticed during dtia period. They also found drat s^t ̂ us

jy 1^ ic effective in retaining the texture,
citric acid treatment of the cutdefish fillets ts effecdv

j  11 niifllitv of the frozen fillets. Alter 5 weeKS oiphysical appearance and overall qua V ^
flozen storage, the untreated samp es gji^iouration in ftozen stored
of reacdon was postulated as the pos ^ ^
cuttlefish fillets and this reaction can be
acid (Sophia and Sherief, 2003b).

2.10.1. LOW temperature pnrcessing of cutdefish nidamental gland
^  . „i.fish nidamentai gland is processed as a frozen

All the entire catch of cu ^

product in India. The frozen cu ^
of marine products being expo e ^ ^
European countries are the majo ̂ ^
nidamental'gland is eaten after or repotted nutrientsubstitute for oyesters. santhosh huraar er n/. (
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composition of nidamental gland from the cuttlefish. Sepia pharaonis. They

reported the frozen cuttlefish nidamental gland contains 75.83 % moisture, 11.30
% total nitrogen, 5.42 % crude fat and 5.5 % ash on diy weight basis. Besides
that, they have also reported cuttlefish nidamental gland contains calcium (345.04
mg/100 g dry wt.), phosphorus (1308.00 mg/100 g dry wt.) and phospholipids
(2.38 %).

2.11. THERMAL PROCESSING OF CEPHALOPODS

constitute about 2 % of marine landmgs in India and are

mainly pioeessed by freezing for export The characteristic strong odour of squid
during boiling was attributed to be due to a sulphur containing amine with
piperidine nucleus, which gets easily decomposed when heated with acid or weak
alkali (Yaminishi and Matsuzaka. 1955). Kimura at al. (1969) shtdied the collagen
from, Todarodes paciflcm and Octopus vulgarts together wito collagen from
other invertebrates. Its shrinkage temperature was found to be 49 C for o sq
and octopus. The thenna. stability of the collagen of cephaiopods was found to

r- uoo The biochcmical composition m squidconespond to that of warm water fishes. The biocnem v
^  r u sot nl 1977) shows that squids can be

meat (Suiyanarayanan et aL, 1973; Joseph t iv 0/
' 1 ft material It was found that approximately 25 /oelfl<!<?ified as high protein low fat material, i , ^ ,ciassinea as nign p ,,;„ht basis) was lost by the end of the

of the original protein content (on wet w gh x « 1 • +1,of the origina p ^oobng the

fiist minute o coo ing .. ,^p„s in all mantle tissues (Otweli and
mantle fr) 100»C caused gross disto^o
Giddings, 1980). An ^ ̂
consumption is given by ̂  ei®r ^ ̂ ^
Joseph, 1980; ars wana , |,,a„<.i,i„g.

material for hjit eanning procedure for squid
Raghunath and Solanki (19 )
mantles in brine.

.X- « tn meet the national and international
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Value addition is particularly important in fish processing industiy as it fetches a

high unit value. The need for off the shelf, ready- to- cook and ready- to- eat

packaged food is constantly on the rise. Thermal processing of cuttlefish

nidamental gland has not so far been attempted. Hence thermal processing of

cuttlefish nidamental gland to produce a ready- to- eat product will definitely lead

to realization of a high unit value.
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3. MATERIALS AND METHODS

3.1. MATERIALS

3.1.1. Cuttlefish nidamental gland

Mature female specimens of the cuttlefish, Sepia pharaonis were procured
from fishing harbour, Kochi and transported under iced condition to the College
of Fisheries, Panangad. The animals were dissected (Plate No. 1) to collect the
nidamental gland (Plate No. 2) which were washed with potable water to remove
blood and other adhering tissues.

3.1.2. Can

I . (AV-, c\7 fluid capacity) of the size 301x203Tliree- piece drawn tin plate cans (4/2 oz iiuiu capa
j. xu cfiidv They were internally lined with(trade dimension) were used in the present study.

sulphur resistant lacquer coating.

3.1.3. Brine

nf brine having a concentration of 2
Common salt was used for preparatio

%.

3.1.4. Chemicals and glasswares

.  - ™,n!hased from Merck Specialities Pvt. Ltd.,
chetnicais used

Mumbai, India. All chemicals us
manufactured by Borosil, were used for the stu y

3.2. equipments AND ACCESSORIES

3 2.1. Overpressure autoclave

24 rotaiy retorting systems (John Fraser andThe pilot scale retort of model 24 rotaty
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sons Ltd, Model.no. 5682, Newcastle- upon- Tyne, UK) was used for the study

(Plate No. 3). The retort is constructed of mild steel and it can withstand a

working pressure of 50 psig.

3.2.2. Double seaming machine

Metal Box Domestic can seamer (Metal Box Company, Calcutta, India) was
used in the study for sealing the cans.

3.23. Thermocouple probe

The probe used for the experiments was copper/cuproniokel thermocouples
of Ellab SSA-12050-G700-TS stainless steel electrode (Ellab Co.. Roedovre,
Denmark) with a length of 50 mm, diameter 1.2 mm.

3.2.4. Packing glands and accessories

Ellab GKM-13000-CXXX packing glands (Ellab A/s. Roedovre. Denmaric)
with washers were used for the experiments.

3.2.5. Can punch
r. • -.4 v.r^ntfliners were used for making holes to fit

Ellab TC 89 can punch for rigid containers wer
thermocouple glands into the can.

3.2.6. Ellab recorder

. A / Rnedovre, Denmark) was used to record coreEllab CTF 9008 (Ella a. ^ ^ ̂
temperature, retort temperature, o jj^jtrument Is -100.0 to +350.0°C with
of one minute. Temperature range o ^ t=121.1°C. Z=10°C and
resolution of 0.1-C. ■n,eFoco.^'»^P«'8r
Cook value constants at T-lOO C.

3.2.7. Spectrophotometer;3SCo'smodelNo.V-530spectmphotometerwas used in thepresent study.
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Plate No. 1 Dissected cuttlefish
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Plate No. 2 Raw cuttlefish nidamental gland



29

i

Plate No. 3 Overpressure autoclave
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3.3. METHODS

3J.1. Proximate composition

3.3.1.1. Moisture

The moisture content was determined by the AGAC (2000) oven diying

method.

A known weight of sample (10 g) was weighed in a pre-weighed clean

Petridish on an electronic balance. Dishes were placed in hot air oven at 100 ±

1 ®C for 16 hours, cooled in a desiccator and weighed, until a constant weight was

obtained and moisture content was calculated and expressed as percentage.

3.3.1.2. Ash Content

Ash content was determined by the method of AGAC (2000).

About 1-2 g of the sample was transferred into a pre weighed siiiea crucible.
The sample was carbonized by burning at low red heat and was placed in a muffle
fomaee at 550°C for about 4 hours until a white ash was obtained. Crucibles were
weighed after cooling in a desiccator and percentage ash content was ealculMed.

3.3.1.3. Crudefat

Crude fat content was determined following the method of Radio (1981).

About 1 g of minced meat was taken in a mortar and homogenised with 18
ml of extraction solvent (hexane: isopropanol:: 3:2 v/v). It was then fiitemd mto
pro- weighed beaker. Ibe residue was washed two or three times with mmrrn.™
volume of solvent mixture. The solvent was evaporated offon borlmg water a^
fflen cooled to room tempernmre in a desiccator and weighed. From the drfference
in weight the percentage lipid content was oalcuiated.
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3,3.1,4. Crude protein

Protein content was estimated by the Microkjeldahl's method (AOAC,

2000).

The principle of the method is as follows: The sample is digested with

concentrated sulphuric acid in presence of a suitable catalyst, so that the protein

nitrogen is converted to ammonium sulphate. The ammonium sulphate formed is,
distilled with alkali and ammonia evolved is absorbed in boric acid containing

Tachirho's indicator. The ammonia absorbed is then titratecl against iV/70 H2SO4.

From the titre value, the percentage of the nitrogen in the sample is calculated.
Since proteins on an average contain 16 % nitrogen, the crude protein content of
the sample is obtained by multiplying the percentage of total nitrogen by 6.25.

About 0.5-1 g of the weil-minced sample was transferred into a KJeldahi
flask of 100 ml capacity. A few gla-ss beads and a pinch of digestion mixhne (8
parts K2SO4 & 1 part CUSO4) and 10 ml concentrated sulphuric acid were also
added. It was digested over a burner until the solution turned colourless.

To the digested and cooled solution distilled water was added in small
quantities with intemrittent shaking and cooling until the addition of water did no.

I, A 4,.,a«tiffltivelv into a 100 ml standard flask andgenerate heat. It was transferred quantrtatrveiy mm ■ , .,
«rvu o ml ninette made-up solution was transferred tomade up to the volume. With a 2 ml pipette maa p

the reaction chamber of the Micro-Kjeldahi dstillation appamt^ (Kje P us-
Model- Distil- M of Pelican Equipments, Chennai). Two drops of phentdphtha em
Lcator and 40 % sodium hydroxide were added tiii the indicator changed torndicator an ammonia liberated was absorbed

I- —"■•'r C.. -ammonia liberated multiplying total nitrogen content
acid. Crude protem content was caicu

ard expressed as percentage.with conversion factor of 6.25 and expr
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3.3.2. Standardisation of procedure for the thermal processing of cuttlefish

nidamental gland

The mature female specimen of the cuttlefish, Sepia pharaonis were

procured from fishing harbour, Kochi and transported under iced condition to the

lab. The animals were dissected to collect the nidamental gland and washed with

chlorinated water to remove blood and other adhering tissues. The flow diagram is

given in the Fig. 1.

3.3.2,1. Standardisation of blanching condUions

The washed glands were blanched in boiling 5 % brine for 2 rain, 5 rain, 10
rain and 15 ram. After blanching samples we« subjected to sensoo- evaihation to
find out the optiranra period of blanching based on acceptability. The sensory
evaluation sheet format is given in Annexure I.

3.3^ZZ Standardisation of retorting temperature

About 128 ± 2 g blanched glands were packed along with 68 ± 2 mi of 2 %ho.brineinto30.><203size,inpia.ecanatoraainh.inapackweigh.ofaboutm

. 2 g. Utmost care was taken to avoid the contararnauon of seal area ra ̂ e
" ̂ for 10 min to remove the air present m thecontainer. Steam exhausUng w^ done ftr 10
containers. Immediately after the e ^ temperature, viz.,
seaming machine. The products were then subjected to
,15»C for 1 temperature,
sensory evaluation to determine

3.3.2.3. Standardisation of process time (B)
,  was adopted for further thermal process studies at

The temperature seiec required
different time periods, such as evaluation and sterility test.Fo value. The products were then su j producmg organoleptically
From the -results ft.0

acceptable sterile roaterrai was foun
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Cuttlefish nidamental gland

i
Washing (chilled water)

i
Blanching (In 5 % hot brine for 5 min)

Packing in can

Adding 2

r  —1

% hot brine

r  —

Exhaustiiig(lOmiri)

Double seaming

I
Retorting (I21.I'C for 25 min)

Cooling and washing

Labeling and Storage (at room temperature)

Fig. 1: Flow chart of tin plate can packed nidamental gland
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3.33. Thermal process evaluation

The thermal processing aims at two fundamental objectives, viz., safety

from pathogenic bacteria and prevention of spoilage due to thermophilic spore
sur/ival. Regarding the first objective Clostridium botulmum is the target
organism whose destruction is considered satisfying the safety fiom pathogenic
bacteria.

The filled and sealed tin plate cans were heat processed in an overpressure
autoclave at optimum temperature for selected process time. The process data was
taken by inserting thennocouple needles into the center of the cold spot
(positioned W fi»m the bottom). Thermocouple outputs were measured by
using an Ellab CW 9008 data tecorder. The recorded data were analysed using a
computer. The heat penetration data were plotted on a semi logarithm paper with
temperature deficit (RT-CI) in logarithmic scale on Y-axis against tinte m hnear
scale on X^uds. Lag factor for heating (W. lag 6ator for coohng (U slope of fte
heating curve (S) and time in minutes for sterilization at retort temperature (U)heatmg curve t w m deteimined by adding process tune
were determined. Total process time (T) was determm I- ® "

The Fo was calculated by mathematical
(B) and 58 % of the come up time. The ho
method (Stumbo, 1973).

3.4. SHELF LIFE STUDIES

.  I,, rplate No. 4) wem analysed at regular intervals of 30

days to ahemical.micmbiological and organoleptic quality
triplicates for various phy »
parameters.

3.4.1. Determination of pH

pH was determined as per IS 2168 (1971).
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Plate No. 4. Canned cuttlefish nidamental gland
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5 g of the sample was dispensed in 10 ml of distilled water and pH was

measured by using pH meter.

3.4.2. Chemical parameters

The chemical parameters such as protein, lipid, moisture and ash were
carried out for the canned product as in the section 3.3.1

3.4.2.1. Determination ofThiobarbiOyric acid (TEA) value

Thiobarbutyric acid value was determined according to the method of
Tarladgis et al. (1960).

10 g of sample was mixed with 100 ml 0.2 ATHCI and homogenised to make
slutiy. Slumy was poured to a round bottom flask and connected to the TEA
distillation appamtus. Distiliation was done until 50 ml of the distillate w.
collected within 10 minutes. 5 ml of distillate was taken m a test tube, 5 m
reagent was added and heated for 35 min. A hlank was also done dtshlled
Wtlr. colour developed was measured In a si^chophotometer at 538 nm and
TBA value was determined and expressed as mg malonaldehydedcg of sample.

3.4.2.2. Determination ofsalt content
Salt content was determined by the method of AOAC (2000).

2 g of sample was taken Into conical flask (250 ml), 15 ml of l^Osand 25
1 of 0 1 Ai AgNOs were added with It and digested on sand bath untd the sola ton„lof0.1 Ai Ag ' 2 of Nitrobenzene. 1 ml of

was clear. Cooled 0.1 N of

ferric indicator were added. Then mAmmonium thlocyanate until it becomes hnck red.
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3.43. Microbiological parameters

3.4.3,1. Total plate count

Total plate count of the sample was determined according to the method of

Hitching e/a/. (1995).

10 g of the sample was weighed aseptically into a sterile sample dish and

transferred into a sterile polythene pouch and soaked in 90 ml normal saline for 15

minutes, after which it was blended in a Stomacher blender (Stomacher 400

Circulator) for 60 seconds at normal speed. Using a sterile pipette*, 1 ml of the
supernatant was aseptically transferred into a 9 ml saline tube and mixed well
using Vortex mixer. Simiiariy further diiutions were prepared for the inoculation.

1 mi each of the appropriate diiutions was pipetted to appropriately marked
sterile petridlshes taken In duplicates for each dilution. About 15-18 ml of molten
plate count agar medium cooled to 45»C, was poured to each plate, mixed well
with the inoculum and allowed to set for 30 minutes. The plates were mcubat«l at
37°C for 48 houm in an inverted position. Aiier the Incubation period, the
individuai bacteriai coionies were counted. The averege counts of the triplicates
were taken and the counts were calculated as efii/g of the sample.

No. of colonies x Dilution factor
TPC (cfu/g of sample) = "" Weight of the sample

3.4.3.2. Commercial sterility test
A /.cnc were tested for sterility as per IS 2168 (1971).

The thermal processed cans wer

r^ cffmnles were incubated at 3TC for 15 days andThe i„^„bated cans were aseptically opened and
550C for a mmnnum ^

,.2 gm of the samples «- ̂  ̂ ^
'sterilized fiuid thiogyco a anaerobic condition and
paraffin was put on to the top
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incubated at 37®C for 48 hours and at 55° C for 5 days.

3.4.4. Sensory test

Sensory characteristics of samples were evaluated by 10 trained member
panel on a ten- point scale as IS 6273 [II] (1971).

Sensoiy evaluation was based on characterization and differentiation of the
various sensory characters such as appearance, texture, odour and flavour. Score
was given based on a 10-point hedonic scale by trained taste panel members.
Scores 9-10. 6-8. 4-5 and 1-3 were taken for excellent, good. &ir and poor
respectively for each of the sensory characteristic. The sensory evaluation sheet
format is given in Annexure II.

3.4.5. Cut-out test

The cut- out test characteristics of the cans were detemu^d by the method
given by Saralaya (1978). fhe proforma is given in Annexure m.

3.4.6. Statistical analysis

.  . 1 «^,Pkace was used for analysis of the
Thm r2000) statistical packageThe SPS ( (ANOVA) was used to calculate

experimental results, ^naysis separations were
significant difference (P < 0-05^
determined by the Duncan multiple range
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4. RESULTS

4.1. CUTTLEFISH NIDAMENTAL GLAND

CuttleEsh nidamental gland was used as raw material in the present study

for the preparation of the product, 'cuttlefish nidamental gland in brine in tin
plate can. The cuttlefish nidamental gland used was veiy fi-esh with a
characteristic fi"esh odour and colour.

4.1.1. Proximate composition

Tie proximate composition of cuttlefish nidamental gland is presented in
the Table 1. The fresh gland had moistum content of 74.(54 %. erode protein 19.8
%, lipid 3.23 »/. and ash 1.59 %. There was a reduction in moisture content after

wet weight basis of moisture, protein,blanching and the average percentage on wet weigm
,  , grs: oi 0/ 04? 1 o/„ 5 38 % and 2.62 %, respectively. It waslipid and ash were 65.21 %, 25.1 /o,

•  content just after thermal processingshown that there was increase m moisture content j n a

. ™ «,.f weieht basis of moisture, protein, lipid and ashand the average percentage on wet weignioa

« o ./ 17 oa % 2 32 % and 1.87 %, respectively. The statisticalcontent were 76.9 %, 17.24 /o, 2.aa ,i,

analysis showed a significant difference, at 5 % level of sigmficance, among the
proximate composition in the different stages of proce^mg.

... • 1 „...1itv of nidamental gland was evaluated using totalThe microbiological quality o

plate count and was found to be 3.35 x 10^ cfli/g.
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Table. 1: Proximate composition of nidamental gland at different processing

stages (mean ± SD, n =3).

steps
Protein (%) Lipid (%) Ash (%)

19.8±0.6l'' s^sto.is" 1.5910.05

25.1±0.40® 5.3810.13" 2.6210.05'

17.24±0.34® 2.3210.10® 1.8710.08'

Raw 74.64±1.49''

Blanched 65.21±1.96® 25.1±0.40

Means in a column with the same supemcript letters are not significantly
different (P>0.05).
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4.2. STANDARDISATION OF BLANCHING CONDITIONS

The sensory evaluation score and salt concentration of blanched cuttlefish

nidamental gland is given in the Table 2 and Fig. 2. Based on the value, 5 % brine

for 5 minutes was selected for blanching. The statistical analysis showed a

significant difference, at 5 % level of significance, among the sensory
characteristics.
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Table 2: Sensory evaluation score and salt concentration of the gland after

blanching (mean ± SD, n=10).

Concentration of

brine (%) /Time
(min)

Texture* Saltiness*
Overall*

flavour
Salt (%)

5/2 4.94±0.25'' 6.0610.07'' 5.3110.19® 1.5710.16"

5/5 5.69 ±0J1" 6.1910.19" 5.6910.17" 2.1510.15®

5/10 5.63±0.23'' 5.8110.07® 6.1310.28® 2.3810.17"

5/15 4.94±0.20' 3.9410.11'' 5.0010.11^ 3.9310.15®

• All traits measured on ten- point scale 1 being least and 10 being the most
Means in a coiumn with same superscript letteis are not signiiicantiy

different (P>0.05).
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Salt Con.Overall flavourSaltinessTexture

^.5 2

6  7 8 9

Blanching Timejmi^

11 12 13 14 15

Fig. 2: Sensory evaluation score
blanching.

the same lettersa,b,c,d jyieans in a line with

(P>0.05).

and salt concentration of the gland after

are not significantly different
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Salt Con.

4.5

Overall flavourSaltinessTexture

<t.5 2

3 4 5
10 11 12 13 14 15

BlanchingTJmeJmi^

,„d salt coDcentration of the gland after
Ki,. Z= SensotT evaluation seore and

blanching. letters are not significantly different
a.b,t.d ivieans in a line with t

(P>0.05).
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4.3. STANDARDISATION OF RETORTING TEMPERATURE

The sensory evaluation score for standardisation of retorting temperature is
given in the Table 3. Based on the value, I21.I«C was selected as retorting
temperature, for thennal processing of cuttlefish nidamentai giand. The statistical
analysis showed a significant difference, at 5 % level of significance, among the
sensory characteristics.
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Table 3: Sensory evaluation score for standardisation of retorting
temperature (mean ± SD, n=10).

Appearance- Colour- Odour- Taalo- Texture- OveraU-
(min)

115 /60 6.17±0.15 5.67±0.14 6.33±0.06 6.17±0.10 6.33±0.14 6.33±0.16

121.1/30 6.38±01.12 6.00±0.08 5.75±0.12 6.75±0.08 6.56±0.12 7.19±0.18

on tpn noint scale with 1 being least and 10 being the* All traits measured on ten- poini

most.
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4.4. STANDARDISATION OF PROCESS TIME

The sensory evaluation score for standardisation of process time is shown in
the Table 4. Based on the results, 25 minutes was selected as process time at the
retort tempemture of 121.1°C for processing of cuttlefish nidamental gland. The
statistical analysis showed a significant diiference, at 5 % level of significance,
among the sensoiy characteristics except appearance.
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Table 4: Sensory evaluation score for standardisation of process time (mean

±SD,n=10).

Time(min) Appearance»  Colour* Odour* Taste* Texture* Overall*

20

25

6.14±0.18° 5.86±0.18' 6.71±0.19"' 6.86±p.2l'' 7,14±0.17' 6.43±0.19®

6.14±0^1- 5.71±0.t7' 6M±0M- XOOtO.IH'' <!.93±0Jl' 6.71±0J2'

30 6.21±0.19" 5.57±0.20® 6.57±0.22° 6.8610.19*' 6.7110.18® 6.5710.20*'

•  + with 1 being least and 10 being the most.♦All traits measured on ten-point scale with loemg
. u cmprscriot letters are not significantly differentMeans in a column with same super p

(P>0.05).
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4.5. DETERMINATION OF Fo VALUE

The rate of heat penetration was determined for nidamental gland in brine
packed in tin plate can of standani net weight of 200 g at a retort temperature of
IZl-l^C and process time of 25 min is given in Figs. 3 & 4. The process
parameters and Fo value calculated by formula method (Stumbo. 1973) are
presented in the Table 5.

The processing was carried out at a temperature of I21.1»C for 25 mrn. The
come- up time was 10 min, the heating lag fector W v«s calculamd to be 0.54
min and the cooiing lag fictor (W was found to be 1.03 min. The fs value w.
reported 12.50 min. Although the process time was nrrgeted &r 25 mm, sir^
deviation in the targeted value was observed. Tire cook value o mrned w. 81.54

A Fsarmined bv adding process time and 58 % ofmin TTie total process time was determined by ^ f

,L The value was calculated to be 30.54 mm. The Fo value wasthe come- up i • presented in the Table 5, The
calculated using formula method (Stumbo, 1973) P
Fo value was calculated to be 11.25.
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Table 5: Heat penetration data for thermally processed nidamental gland in
brine in tin plate can.

Parameters Value

Fo value (min)

Jh

Jc

fh(min)

U

fh/U

gCc)

B(min)

Come- up time (min)

Total process time (min)

Cook value (min)

11.25

0.54

1.03

12.50

11.26

1.11

0.37

24.74

10.00

30.54

81.54

T = lag factor of heating, Jc = lag factor of
Where, &= slope of heating ^ ^ retort temperature, g = final
cooling, U = time in minutes for stenhzrampera.nredefieit,B=Baii'sprecessf;tune.
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4.6. STORAGE STUDIES

The quality of the product packed in tin plate can was evaluated by

conducting cut- out test. The organoleptic, chemical and biochemical
characteristics were assessed soon after thermal processing and during storage at

monthly intervals for three months.

4.6.1. Proximate composition

The variations in the moisture, protein, lipid and ash contents (on wet
weight basis) of the processed nidatnental gland dining the storage period are
given in Table 6.

During the storage period, the moistiuu content increased from an initial
value of 76.90 % to 77.02 % on the 90"' day. No significant difference was noted
between the initial and final moisture levels.

.J ,or;r,tmn from 17.24 % to 16.97 % in 90 days.The protein content showed a variation trom
which is not statistically significant at 5 /o level.

In the linid content from 2.38 % to 2.18 %There was a slight variation in the lipM
which was also not statistically significant.

.  .d A. nv 1 87 % to 1.91 % but was not statistically
The ash content varied from 1.87 /.

significant.
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Table 6: Changes in proximate composition of the product during storage at
room temperature (mean ± SD, n=3).

Storage period i^oisture(%) Protein (%)
(days)

Lipid(%) Ash(%)

0

30

60

90

76.90±2.38'^ 17.24 tO.Sd''

77.5012.40" 16.8210.49"

76.2812.36'' 16.9510.33"

77.0212.39^ 16.9710.61*

2.3810.04"

2.1610.06"
» » e

2.2810.05"

2.1810.07"

1.8710.06"

2.0910.05"

1.8910.07"

1.9110.06"

Means in a column

different (P>0.05).

with the same superscript letters are not significantly
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4.6.2. Chemical parameters

The variations in the salt concentration, TBA value and pH of the processed

cuttlefish nidamental gland during the storage period are given in Table 7.

The salt concentration values for the storage period are shown in Fig. 5.
During the storage period the salt content increased from 1.62 % to 1.82 %. This
change is found to be statistically significant.

The TBA values for the storage period are shown m Fig. 6. During the
storage period the TBA value increased front 0.561 mg malonaldehyde/ kg to
1.092 mg malonaldehyde/ kg. This increase is found to be statistically significant.

The pH values for the stomge period are shown in Fig. 7. During the storage
period the pH decreased from 6.35 to 6.24. This change ia found to be staUsticaiiy
significant.
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Table 7: Changes in chemical parameters of processed nidamental gland

during storage at room temperature (mean ± SD, n=3).

Storage period o - /o/.\ dH
(^ys) Salt(/o) malonaldehyde/kg)
0  1.62±0.07^ 0.561±0.02'' 6.35±0.14'

30 2.0610.13" 0.77610.05" 6.3210.13""

go 1.731 0.08" 0.86810.03" 6.1610.11"

90 1.8210.11" 1.09210.04" 6.2410.07""

Means in a column with the same superscript letters are not significantly
different (P>0.05).
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2.5

1.5

^  1

0.5

0

Storage period (days)

Fig. 5: Variations in the salt co
room temperature.

Means in a Une with the same
(P>0.05).

ncentration of the product during storage at

letters are not significantly different
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is 0.9

"S 0.6

Storage period (days)

. trA values of the product during storage at room
Fig. 6; Variations m the

temperature. significantly different

Means in a line with the same
(P>0.05).
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Fig. 7: Variations in
temperature.

a,b,c jyieans in a line

(P>0.05).

the pH values
of the product during storage at room

„„h the same letters are
not significantly different
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4.63. Microbiological analysis

Sterility test was carried out for the product after processing and on the 90*^
day of storage period as mentioned in section (3.4.3.2). The results showed the
product was sterile after the processing and throughout the storage period.
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4.6.4. Sensory evaluation

Appearance, colour, odour, taste, texture as well as overall acceptability of

the product were evaluated organoleptically. The means of the scores are given in
Table 8 and Fig. 8. There were significant changes in the scores of the sensory
parameters except overall acceptability. The overall acceptability of the product
remained in 'good' condition (score>6) throughout the storage period.
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Table 8: Sensory evaluation score of the product during storage at room
temperature (mean ± SD, n=10).

Storage Appearance* Colour* Odour* Taste* Texture* Overall*
period (days)

0  7.1110.14" 6.5610.26" 7.3310.22" 6.7810.14'' 6.6110.21" 6.7810.18"

30 7.3610.08" 6.7110.15" 7.7110.15" 7.1410.23" 7.0010.29" 7.5710.12"
i » f

60 6.75±0.08- 6.00±0.13' 7.10±0rf 7.40±0.24- 6.95±0.32- 7.40±0.12-

6^6±0.33- 5.94±0.19- 7.22±03!5> 0.94±0.29- 6.83± 0.29- 6.83±03!1-

. Allmuumoasured in«n-poi«t3caIe 1 beingleostand lObeingftomo^
Mean3 in a column with same supemcript ietttrs are not stgntflcanUy

different (P>0.05).
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-X-OdourColour

Texture
Appearance
Taste

Overall

Storage period (days)

.  ■ .Hesensoiy parameters of the product during storage at
Fig. 8: Variation m theroom temperature.^ same letters are uot siguiOeautly different
a,b,c jyjeans in a line

(P>0.05).
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4.6.5. Cut- out characteristics

Thermal processed product quality is usually assessed by measuring various

quantitative parameters which include physical measurements such as net weight,
solid weight, solid- liquid ratio, condition of the pack etc. The cut- out

of cuttlefish nidamental gland in brine is given in Table 9. There

was little variation in net weight, i.e., 201 g to 205 g. Solid weight as percentage
of net weight was found to be around 89 % and liquid content as percentage of net
weight was around 11 %. The mean weight of empty can was around 44 g. The
mean vacuum and mean gross head space were around 6.5 mch and 7.74 mm,
respeetively. The mean volume of liquid was around 23 ml and mean number of
pieces was 6. Curds, foreign matter, lacquer peeling and biaekening etc., were
absent throughout the storage period. The liquid was slightly turbid and meat
adhesion was slightly present.
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Table 9: Cut- out characteristics of the product during storage at room
temperature.

SI. No. Characteristics 0 day 30 days 60 days 90 days

200 200 200

130 130 130

8 6 6

7.97 7.94 7.45

248 247 250

221.5 226 232

47 45 45

201 202 205

174.5 180 187

+ 1 + 2 + 5

+ 44.5 + 50 + 57

135 135 135

6 6 6

Absent Absent Absent

25 20 22

Slightly
Turbidity

Slightly
Turbidity

Slightly
Turbidity

Absent Absent Absent

Slightly
Present

Slightly
Present

Slightly
Present

Absent Absent Absent

Absent Absent Absent

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Standard Net Weight (g)

Standard Solid Weight (g)

Vacuum (inch)

Gross Head Space (mm)

Gross Weight (g)

Solid + Can Weight (g)

Empty Can Weight (g)

Observed Net Weight (g)

Observed Solid Weight (g)

± Net Weight (g)

± Solid Weight (g)

Packed Weight (g)

Number of Pisces

Curds

Volume of Liquid (ml)

Turbidity of Liquid

Foreign Matter

Meat Adhesion

Lacquer Peeling

Blackening

200

130

6

7.6

244

220

40

204

180

+ 4

+ 50

135

6

Absent

24

Slightly
Turbidity

Absent

Slightly
Present

Absent

Absent
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5. DISCUSSION

The main objective of the present study is to standardise the procedure for
thermal processing of cuttlefish nidamental gland in brine packed in tin plate can
to produce a ready- to- eat product. The standardisation process essentially
involved determination of process parameters, process time, optimum solid liquid
ratio and process levels to produce a safe product and assessment of quality
changes during storage at room temperature.

5.1. CUTTLEFISH NIDAMENTAL GLAND

Cuttlefish nidamental gland was used as the raw material In the present
Stttdy The raw material quality is one of the important determln^tt of the qu^rty

„  .. ̂ujiUna of seafood and storing at 0°C are importantof the finished product. Rapid chillmg ot seaioou
ofthetmi P ,/Tnnes and Disney, 1981). In the present study
in distant water trawling operations ( a- *

ui ' .H from multi- day trawling operation, spreading up to 6fVip cuttlefish was obtained from mui jthe cuttletrsn , onboard and stored in boxes.
days. The catch was iced immediate y

5.1.1. Proximate composition

.  ,i„,a ond ash content of the gland were found to beThe moisture, pro ei . ̂ are more or less same as
74.64 %, 19.8 %, 3.2 proximate composition
reported by Santhosh content to 65.21 %. rvith an
after blanching showe a ^ the absorption of salt
increase in protein, fat an
during blanching.

.  , v., load as observed fiom Total Plate Count in the raw
The microbiologicalremerial was within the limit of acceptabrhty.
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5.2. STANDARDISATION OF BLANCHING CONDITIONS

Blanching is a mild heat treatment used to inactivate the oxidative enzymes

in shell fishes, and given prior to fiirther processing, which otherwise will result in
undesirable changes in colour, fiavour and nutritive value of the product durmg
handling and storage. It also removes the non- condensable tissue gases, increases
the bulk temperature of the tissue, cleanses the tissue, and wilts the tissue to
facilitate in packing. In addition to that, it has to be ensured that a salt content of
about 2 % remains in the final product. In the present study the glands were
blanched in boiling 5 % brine for 2 min, 5 min. 10 min and 15 min. After
blanehing samples wem subjected to sensory evaluation. The msult obtained was
put to statistieal analysis and 5 % brine for 5 min was selected as optunum
blanehing conditions. Again the salt content was found to be desimble for this
eombination. After blanching, the gland developed a firm ̂  The same
phenomenon has been teported by Vanna and Joseph (1980), and Pamhwanath
(1989) while working on squids.

5.3. STANDARDISATION OF RETORTING TEMPERATURE
^hecanswemretortedat^op^ —

:rwtLctedasoptimummh>riingoo«ditionandgaveahighersco.ethan^
Other.

5.4. STANDARDISATION OF PROCESS TIME
•  ,.™««ture of I2I.1°C, the glands were processed for 20At the retorwg ^

min, 25 min and 30 mm. statistical analysis and based on
,  a- .. Thfa results obtamed were pu . . .evaluation. The res processing.

• A 9^ min was selecteci as in© fwhich a penod of ^ . to- eat product, it is important to give maximum
As it is a value added suggested that 42 % of
emphasis on sensoty attnbutes. Ball an
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come up time should be considered as process time at the retort temperature.

Thermal process may slightly overcook the product and so industry can adopt
different thermal process level based on the consumer preference.

5.5, DETERMINATION OF Fo VALUE

Design, monitoring, control and recording of process time and temperature
ensuring adequate commercial sterilization is imperative. Of the various critical
control points in the production of heat processed foods, none is more important
than themal processing. It is the essential step in the establishment of safety and
stability of the end product Deviation of critical factors such as inWa! product
temperature, preeessing time, contamination of the material may result in survival
of bacterial spores. Codex (1989) has duly recognized its importance in

recommendations for low and medium acid canned foods.

The purpose of heat penetration test is to detennine the heating and cooling
behaviour of the product for the establishment of safe thermal precess during
eommercial production. Therefore the design and accuracy of the test are critical,
using time- temperature data obtained fiom heat penetration runs, it is possible to:

1. develop thennal process for new food/container,

2 validate changes to preduct such as size of container change of■praeessing system that may affect the heatingcharactenst.cs.

3. evaluate the effect of thennal preeessing on nutrients and sensmy
chaiacteristics of food and

4. develop a mathematical model for process modification and control.
,  fmprmalnrocess to achieve microbiological stability.In the development of thermal p uuu a

rtermally resistant miereotganisms that represent health hazanl on onethe most the ^ ^ other are selected .as target of destruction,
hand and spoilage hazard on the other
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Clostridium botulinum spores are the target organism for minimum thermal

process requirement keeping in mind the safety of the consumer. For products
which are expected to contain high heat resistant spores, Bacillus
stearothermophilus may be the target organism and it requires a higher process

time. To achieve product safety it is generally agreed that the thermal process
should at least cause 12 logarithmic reductions in the spores of Clostridium
botulinum (12- D concept). Other considerations are the nutrient value and
organoleptic quality. Formulated foods containing many ingredients are likely to
be the source of most heat resistant microorganisms.

»  » »

The low acid canned foods are generally processed so that eveiy particle of
food is exposed to I2I.l''C for 2.5 to 3 min. which provides a considerabie safety
factor for expected levels of contamination (Btyan. 1974). The recommended F,
value for meat products is minimum 6 min (Shapton and Shapton, 1997). Frott
and Lewis (1994) recommended an F. in the range of 5 to 20 min for fish and

A  17 o, A min was recommended for mackerel (Gopal era/.,fishery products. An Foof8.34 mm was reoo ^
/TvyfaiUrk 2003) and 11.5 mm for seer fish moilee

1998), 8.79 min for rohu curry (MallicK,
(Manju et al., 2004).

.  foods in addition to time and temperature
The heating behaviour of looo

^eriuence for the thetmal process is affected by various^tors. iice Je
relpetature difference between heating/cooiing med.um .md t.te pr^u^ the
^  P such as the nature of the product, type ofactors that affect heat penehat.^ - ^

and heating/coohng medium. The nea p
-^erebie information should be kept constant for a given set ofgenerate const ^ consistency

processing «n two. should also be kept constant Consequentiy special
and viscosity . jg, ̂nd control specific variables when subjected to
care should be taken to identity an
heating.

the present study an F„ value of lUd w. calc^ted for the prod^t
which ̂  weirin between dte —ended mnge. The relationship between the
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heating/cooling medium temperature and the product temperature during the

thermal process in an overpressure retort is given in Figs. 3 and 4. From this it is
evident that lethality and cook rate increased with temperature. These factors are

helpful in calculating the destruction levels of target organisms and retention of
nutrients. The ft value was found to be 0.54 min for the product. It is a constant
for a given product and container size and changes only when any change occurs
in characteristic container contents, heating agents, etc. It shows the . rate of
change of product temperature to reach the retort temperature in a logarithmic
pattern. Corrections are applied to compensate the time reqiured to bring the retort
to the required tempemture. As the temperature of heating medium increases, the
rate of heat penetration varies.

5.6. STORAGE STUDIES

Canned product undergoes certain changes in the chemical, organoleptic
and physical quali^ during storage. With a view to study the probable changes it
undergoes, the product developed flom cuttlefish nidamental gland was en. open
a, regular intervals and evaluated for quality, "nre results obtmned are drscussed
below.

5.6.1. Proximate composition

. u^,vedmar«rinal variation during the storage whereas
The moisture content showe o • j • *

, jjH not show significant variation durmg storage.protein, lipid and ash contents did not show gn

5.6.2. Chemical parameters

.  Tc^nt Change in salt content during storage period. In theThere was signi ̂  to the seasoning of the product,
first month the increase w^^i ^
There was an increase in product was 6.35, which
oxidation of lipid in the g anindicates the nidamental gland as a 10^
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went on decreasing. This could be due to loss of moisture content and/or
formation of free fatty acid by iiposysis.

5.63. Microbiological analysis

The pmduct showed no growth of microorganisms after processing and
during the end of storage study, which indicates the process g.ven was sufficeut
to attain sterility.

5.6.4. Sensory evaluation

,i,„rion for the cuttlefish nldamental gland was carried outThe sensoiy ev ^

after processing ̂ d d,™g^^
After the acceptability of the product was good even after 90
overall acceptability. stability of the thermally processed
days of storage which shows the shelf hfe stabdrty
product.

5.6.5. Cut-out characteristics
.  : weight and solid weight as percentage of netThere was little vd"aO<"t' ^ ^ 23

weight was found to be aroun ^ ̂ „^ginai increase in soUd weight in the
ml. The cut- out characteristics in to the soiid matter during
product This could be due to absorption
storage duration.
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6. SUMMARY

The objective of the study was to standardise the procedure for thermal
processing of cuttlefish nidamental gland, packed in tin plate can, and to
produce a ready- to- eat product. Brine was used as a packing medium and
thermal process requirement of the product was evaluated by conducting
heat penetration study.

Hie chemical composiaon of cutaefish nidamental giand indicated that the
moitPture, protein, iipid and ash contents were 74.64 %. 19.8 %, 3.23 %
and 159 %, lospecavely. The protein, llpid and ash contents after
blanching were increased to 25.1 %. 5.38 % and 2.62 %. respectively,
whereas moisture content decreased to 65.21 %.

Blanching in 5 % brine for 5 min was selected as optimum blanching
condiaon based on value of sensory attributes and result of statisacal
analysis.

„ . 121 1°C was selected as optimum retorting temperature
A temperature of I2i.r .. . , .

based on sensory evaluation score and result of statrstrcal analysrs.
A period of 25 min was selected as optimum process time, at the reto^g

C121 1»C based on sensory evaluarion score and resuit oftemperature of 121.1 l.,

statistical analysis.

c.^led and processed in overpressure retort at a
The filled can was sealed ana f ^ u. • .i.Ocfor25min.Thetime-temperatureprofileobtarned
temperature 0 • _ ^ heating characteristics of the

""T ctTw^fcld that the retort come- up time (CUT) was 10 min. Theproduct It . ,,y.efeome-up time) was deviated siightlyfiom
ptocess toe (mclu B ^
the target value to 24. , ,, minl.T^eF„valuewasdeterminedtobell.25mm.

amed out on the keeping quaiity of the product for aA storage study was c ^ monitored based on the

period of 90 days. The quamy



72

following tests conducted periodically: proximate composition, salt, TBA,

pH, sensory evaluation, cut- out and sterility.

8. There were no significant variations (P>0.05) in the protein, lipid and ash
contents during storage. The moisture content was slightly increased.

9. There were significant variation (P>0.05) in the sait, TBA and pH values.

10. Though there were significant changes in the sensory qualily parameters,
the product was in acceptable condition throughout the storage period.

11 Cut- out test showed a marginal increase in solid weight and sterility test
showed that the product was commerciaUy sterile during the period of
Study.
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ABSTRACT

Cuttlefish nidamental gland is a pair of flattened glands associated with

the female reproductive system in cuttlefish. The glands are exported as a frozen

product under the name cuttlefish roe. The procedure for thermal processing of

cuttlefish nidamental gland in brine packed in tin plate can is standardised to

produce a ready- to- eat product. The standardisation process essentially involved
determination of optimum blanching conditions, retorting temperature, process

time, processing parameters, optimum solid- liquid ratio and process levels to
produce a safe product and assessment of quality changes during storage at room
temperature.

nidamental gland in brine was packed in tin piate cans in 65:35

ratio (gland: brine) and thermal processed in an oveiptessure retort The optimian
blanching condition was found to be 5 % brine for 5 min. The retorting
temperature and process time wero selected as 12I.1»C and 25 min, respectiveiy.
n,e F„ value attained by the process was found to be 11.25 min with total process
time of 30.54 min. The cook value meant to achieve tenderness of product was

j  aa/jic found to be commercially sterile. The
81.54 min. The processed product was lounu lo uc

n  1 of Storage at room temperature withproduct was acceptable even after 3 months or siorag
.. . 1-1,.. ortrasaflrance colour, odour, taste, texture andregard to all sensory attributes like appearance, coio , .

Ti,«rp. wpre significant variation in the salt, pH and TEAoverall acceptability. There were s gn - va - u* tu
values (P<0.05). The cut- ou. ros. showed a mammal mcrease m soM wcght The
smdy lowed riuU d.e eurtlerish uidamenud giand can be ̂  for processmg
Jy ro ea. produce which can be stored a, room temperahue for long penods.



ANNEXURE-I

SF.NSORY EVALUATTON OF BJ.ANCHED 'CUTTLEFISH NIDAMENTAL
GLAND

Assessor:.
Date:

(Please score the sample characteristics by placing the relevant score)
An honest expression of your personal feeling will help us.

CHARACTERISTICS A B C D

Texture

Saltiness

Overall flavour

(Please aeo« the sample charaeteristies aceotdmg to the followiog seale)

Quality gtade description for texture, saitiness and overail
Score

Quality grade description
Excellent

Very good

Borderline of acceptability
PoorAJnacceptable
Remarks if any

Signature



ANNEXUSE-n

SF.NSORY RVALUATTON OF CANNED 'CUTTLEFISH NIDAMENTAL
GLAND'

Assessor:
Date:

(Please score the sample characteristics by placing the relevant score)
An honest expression of your personal feeling will help us.

CHARACTERISTICS

Appearance

Colour

Odour

Flavour

Taste

Texture

Overall acceptability

B

(Please score Ure sample chamcmrlstics according m dre following scale)
Quality ̂ e description for appearance, coiour, flavour, taste and overali
acceptability:

Score

Quality grade description
Excellent

Very good

Borderline of acceptability
Poor/Unacceptable

Remarks if any

Signature



ANNEXTURE-in

CUT- OUT TEST FOR CANNED FISHERY PRODUCTS

Observations: Record your observations in the following proforma

Can Size

Particulars

Product

Code

Manufacturer

Date of production
Date of testing
Can- size and type
Std. solid- wt./Net

weight.
Vacuum

Gross weight
Solid + can weight
Empty can weight
Solid weight
Liquid weight
Net weight
Pack weight
Colour

Texture

Flavour
Style(Appearance)
No. of pieces
Salt/ Sugar degree
Total sugar degree
Turbidity
Acidity

pH ,
Size of pieces
Broken or flakes
Adhesion

Curds

; Remarks

Note: SUidy I.S.I. Specifications for cmincd flshoty products.

(Source: Laboratoiy
manual for courses in canning- by K.V. Saralaya


