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ABSTRACT

A study was conductead analyse the effect tfieCombined Blast and Conta@BC) cooling
technique on the quality of gutted andhgutted tilapia duringcold storage in terms of
microbial, physiochemical and sensory attributes. The storage temperature¥afor the
initial 6 days andfter that2°C for simulating sea freight and transportation and retail chain in
Europe respectivelylhe storage time was 20 dajy$e CBC treated fish maintained a lower
temperaturecompared tahe untreatedduring the last days of the stmge.Ungutted tilapia
showed higheiTotal Viable Count(TVC), Specific Spoilage Organisr(SSQ, pH, Total
Volatile Base Nitrogen TVB-N) values and spoilagecompared to gutted fisiiherefore,
tilapia should be gutted during processiinge effect of CBGreatment and gutting were minor
in shelf life determination. The shelf life of tilapia was 17 days on the basis of microbial and
sensory analysis.
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1 INTRODUCTION

Temperature is the singlaost important factor in keeping the quality of fisHtek death,
enzymeactivities take place in the muscle dhe fishand the pHncreasesThe activities of
micro-organisms alsecreasesvith higherambient temperaturand higher pHHuss 1995)
The microbial activitiesarereduced with decreasing temperature and therefore gigsential
to cool the fish in order to maintain acceptable quality.

In Iceland, super chilling by combined blast and contact (CBC) cooéiadevelopedn recent
yearsand is commonly used ithe fish processing factories. The cooling procesghe
combination of two stages, pmoling and CBCstage. In preooling stage, the fish is
immersed into liquid ice or ice slurry and within ten minutes the temperature is reduced to sub
zero level. Then the fish is transferred to CBC cooler, wtreretemperture of thefish is
loweredquickly toaround-1 °C by using both the advantages of contact cooling between the
fish and the metal surface of the conveyor and coolingjdsting chilled air over the fish

Iceland exports fish primarily to the Europeanich. The companies are targeting to export
fishes to those countries. But high expense of air freight is one of the major impediment. Using
sea freight is a possible solution. The major cities of Europe-@rdagsawayfrom Iceland

by sedreight

Bamngladesh is a low lying countnyith numerous waterbodie®veringan inland areaof
4.575 million hectares and an Exclue EconomicZone (EEZ) of 1, 66,00&m?. These
inland coastabnd marinewatersare the main sourcef fish. Thefisheriessectorcontibutes
4.43%0f the overallGDP22.21%toagriculturalGDP. Fish products supplementsabout60%
of daily animalproteinintake. Approximately 10% of the population aradirectly or indirectly
dependenbn the fisheriesfor theirlivelihood(DoF 2012)

Bangladesh is one of the world's leading fish producing countries with a total production of
3.26 million MT in the financial year 20112. About 55% of the fish is produced from
aquacultureTheannualproduction of tilapia wasstimated at36,541 MT(System, 2013)in
201011, the production waapproximatelyl04,968MT. There is no separate ddta tilapia

in earlier years, it the trend shows an increasjpr@duction

Tilapia was introduced in Bangladesh in 1964 mosquto control. h the beginning, it was
not successful as a commercial fish. It was then only asemhoccasional source of fish and
was call ed * c hweredasgyndishand being agpmolifid breedgr. But in early
9 0 Genetically Improved Faned Tilapia (GIFT) was introduced to Bangladesh and started
to get aceptance as a commercial fish. At tharsof this millennium the introduction of
monosex tilapia changed the whole scenario. Tilapia farminganlepangas farming as it
was more aceptable tothe consumer anthe market pricerelatively higher.Tilapia is
harvested all the year around etk harvesting season is from August to Decerffiened,
2009) Most of the ime, live fish is soldat the farmand s already dead whenng¢acheghe
market. During transportation from one city to anaotlherlity loss of the fish is higmainly
due to lack of processing and preservation technology

Block ice is tle most common type of ice used kaepingthe qualiy of fishin Bangladesh.
Traditional ice plard usesodium or calcium chloride brires cooling mediumwWater filled
cans are submerged in cooling medium to produceTtee.freezing period is between 8 and
24 hours depending on the dimensiohthe cas and the temperature of the brine. The block
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weights from 12 to 150 kg. A common size of block ice is 2.5 x 1.5 x 1 feet weighi@@ 70
kg (Alam 2007) No study has been done on superchilling in Bangladesh and nelsilljpey
method have been usad Bandadesh for tilapia.

Despite of having a huge possibilitydocesshe world market, fish farmers are struggling to
geteventhe lowest benefitDue to an unstable domestic market, during the peak season the
supply of fish is greater than the demand. Otéed and other chemicals, medicines and
farming inputsare common. Evidently due to the higher price of these ingredients the farmers
get a lower profit margin. In the peak season the farmers struggleki® uptheir production

cosk. Some farmers feadxploited by the intermediaries, believing the prices they receive do
not adequately reflect the final tilapia prices paid by the consuiffegossible solution is to
export fish to the foreign countrieBhe world market for chilled tilapia is largéran for frozen
tilapia and transportation by sea is cheaper tharb¥herefore research is needed to establish

a guideline for keeping quality of tilapia under a chilled condition for extended period of time.

1.1 Objective

Sea freight is cheaper than the air freight. Any additional cost during production to consumer
is added tahe product cost. Therefore, sea freight can be a better option to export chilled fish
if the storage life othefish can beextended by improvindhe cooling technique. Thgoal of

this projectis to provide high quality fish to consumers wilitended days of storage by
improved cooling techniques for freErmedtilapia.

The objectiveis to analyse the effect of CBC cooling technique on the ityualf
gutted/ungutted tilapia during storage in terms of microlghlsiochemical and sensory
attributes.

2 STATE OF THE ART
2.1 Post mortem changes in fish

It is important tounderstandthe post mortem changes in fish in order to apply better
managemenhi keepinghe quality ofthefish.

After the death of the fish the enzgtit activity starts taigest fish fleshThis enzymatic
activity is calledautolysis which meanself-digestionandthe fish quality starts to decrease.
The quality changes cans#ly be noticed andonsist of changes in colour, odour or smell,
taste, appearance and textueter death, the fish goes through rigaortis or death stiffening
due to the action of ATP breakdowhifter rigor mortis the fish musclleecomes softeiThe
time of prerigor mortis and rigor mortis varies according to species. Itdgpends on many
things like temperature, handling, size and physical condition digh€Huss1995) Live
specimens of thelaice Paralichthysolivaceuswere spiked at the &, stored at various
temperatures ranging from2D°C and examined for changes in rigor tension and ATP
degradation in the muscle. The ATP degradation rate was clearly slow&baC3han a0°C,
resulting in retardation of rigermortis onset at theofmer temperatures. Lactic acid
accumulation in the muscle correlated well with the decrease of ATP. The muscle showed full
rigor when ATP completely disappeared and lactic acid attained the maximum piadéau
50 p nilwdmbtget al, 1987)

UNU - Fisheries Training Programme 6
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The difference between acglatzationand storage temperature has a great influence on onset
and progress of rigoFor difference between acclimatization and storage temperatOrarcd

5°C, theonset or rigor in carp was its maximum at 72 hour. But when tfezehcewas30°C,

the onset of rigor was 24 howlaximal rigor indexfor 30°C and0 & 5°C differencewas
almost 100%andonly below 60%espectively After transfer of carfrom 14to 30°C, it took

4 weeks to change the rigorortis progress to a typical°C pattern(/Abe and Okumal991)

The muscle ofthefish is free from bacteripst afterdeathand lacterial faunas foundon fish
skin, gills andintestine. According t&hewan(1962)the range in intestine andIgils between
10°to 10 cfu/g. ButListon (1980)statedthedifferenceas10? to 10 cfu/g/cnt in skin. Bacteria

is temperature sensitivBifferent species of bacteria are commonly grouped on the basis of
temperatureolerance Psychotropior psychrophilicbacteria are able to grow and regenerate
at a low temperature even close f&Cut their optimal temperature is near ZD(Morita
1975) Anather group is the mesophilbacteriavhich areadominant tropical bactexi group.
Prevalence of bacteria is lesdaomv temperatureThe dominant temperate region bacteria are
the psychotropic gram negative bact€¢Haiss1995) Gram positive bacteria like Bacillesd
Clostridium can be present in fish. Some of the otheiedutisagree with this idea and states
that both the gram negative and positive bacteria can live any{henmet al. 1990)

Spoilage of fish is the result of microbiological growth and becomes evident as visible growth
like moulds, pigmentation, slimyacterial colony etclhere are direct relationship between the
total number of microganisms and degree of spoilg@ramand Huss.996)

At the beginningthe number of bacteria are low, which start to grow in favourable conditions.
Some of the bactexiamong these are capable of producingpdffurs and offlavours. The

latter start growing very fast and at a point dominate to an absolute majority. Meanwhile, some
of the chemical changes also evident and can be measured. This point can be idgntified b
counting bacterial load and measuring the chemicals produced. This is the sensory and
microbial rejection point for a fish due to spoilg@gamand Hus4996) The model described

is presented in Figure 1 below.

- Senso
10 re]ecti{r3¥1 ( 60
217 Total count # |
8 - 50
7 -
S 6 Specific - 40 8
S spoilage §
E’- 5 - organisms - L 30 8
o 4 Chemical =
o 4 spoilage 2"
3 indicator - 20 g
'12 ] - 10
o T T T T T 0
o 5 10 15 20 25 30

days of storage

Figurel. Model of changes in total count (TVC), specific spoilage organism (SSO) and
chemical spoilage indicator during chilled storage st fproduct (Gram and Huss 1996)
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2.2 Superchilling and shelf life

The conventionaltdlling in the past waso reduce the fishemperatureo around4°C. This
temperature may be enoughpiventthe grovth of microbesbut notenough to presentbe
fish for a longer period of timd=or most of the species thetial freezingpointin fish muscle

is between0.8° and-1.4°C (Sikorski 1990) At this temperature icerystak start to formThen

due to ice crystal formation and lower temperature, the microbial growth and susvival
drastically reduced. This how the idea of superchillg cameabout Superchilling is also
sometims referred to a$partial freezing "deep chilling ®r “hard chilling Superchilling
means reducing the temperature of fish uniformly to a point slightly b#ewelting ice,
thereby extending the storage life of the fislkkn@nporary practice of swgychilling means
reducing the temperature in fish to abeiR2°C, at which point half the water is froz&ut

if the temperature is reduced-&a78C, the two thirg of thewaterfrozen but slowly creating
large ice cystal which is actually slow freang. This can cause cell damage and hence the
temperature must be controlled carefuBy. maintaining lower temperature to produce small
ice crystal can reduce bacterial activity and spoileggiltingin a prolonged storage life
(Waterman and Taylor 2QQ

Superchillling increasestorage life of fish. If fish is stored in ice the shelf life is 14 daéysn
the predicted shelf life atl, -2 and-3°C would be 17, 22 and 29 days, respectielyss
1995) Similar resultwas observed irtilapia, when crghed icewasused to preserve it. It
remairededible for about 15 days. Whalapiawassuperchilled te1.11°C and2.22°C under
laboratory conditions the shelf lilgasextended to about 20 and 26 days respectamedigited
in Figure2 (Waterman and Tydor 2001)

40 -

@
©
)
()
£
(]
[@)]
< 15 \
8
o 10 |
5 -
4 3 2 1 0 1 2 3 4 5

TemperaturéC)

Figure2. Storage life of Tilapia in different temperature (Waterman and Taylor 2001)

The ice crystal size is very importantsuperchilling fish If the ice crystal size igrge then

it can causeupture ofthecdl. In-1.11°C and2.22°C the ice crystal sizetiso small to create
any cellrupture If the temperatures reduced to2.78°C,the shelf life may be as long as 35
days, but damage due to ice formation in slow freezing makes the fish unsuitabletiogfill
or smoking(Waterman and Taylor 2001)
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However, the extension of storage time over conventional icealget@an be as much as 11
days under ideal conditions, and at least 6 days in commercial pratttes why, the notion

of superchillinghasbeenalways intended to increase shelf life of food during storage. So most
of the studies have been focusing on improving this crigvanget al, 2008 Olafsdottiret

al., 2006h Sivertsviket al, 2002 Arnpdrsdéttiret al, 2008) There is no diffeence in quality
between chilled and superchilletlantic salmonafter 11 days of poshortem storage
(Eriksonet al, 2011),which was in case of tilap@bout 12 days in ic@Vaterman and Taylor
2001) However,FAO guideliness recommendhe narrow tempetare range2 to -2.5°Cfor
industrialsuper chilling(Waterman and Taylor 2001)

2.2.1 CBC Cooling

CBC cooling is a techniquehereheatis extracted from fillets both by conduction through a
teflon coated aluminium conveyor belt and by convection, whek aolis simultaneously
blasted over the filletsThe CBC cooling machine was developed $kaginn hf Liquid

cooling is a part of the CBC cooling process. It is performed before the CBC cooling to decrease
the temperature of the fillets and slightly irese their salt contefMargeirssoret al,, 2010)

CBC technique was used assapechilling technique for fillet in most of the researches
(Magnussoret al, 2009, Purwaamidjaja 201Qdoli et al, 2013a, Margeirssoret al, 2011,
Olafsdottiret al. 2006a Semwanga 2010, Arnporsdotir al, 2008) Very little researchas

been done on CBC effects on whole fish.

2.3 Gutting and bleeding

In mostcases gutted fish tend to give a better fish qutligy ungutted fishFish gus contain
digestive enzymeand many bacteria. The latter will cause a violent autolpsist mortem,
which may give rise to strong efffavour especially in the belly aré&ilberg 1978)

Commonly quality and storage life of fish decreaffiahey have not been gutted. On the other
hand, gutting means exposing the belly area and cut surfaces to the air thereby rendering them
more susceptible to oxidation and discoloratibiso fleshis exposed tanicrobial activity.In

most cases, smadind mediurnrsized fatty fish such as herringrdimes and mackerel are not
eviscerated immediately after cattiuss 1995) Excepional result was found igutted and
ungutted aquaculturgea bassicentrarchus labraxstored in ice. Bacterial counts of whole
ungutted sea bass were always higher thase obtained for gutted sea bass samples. But the
sheltlife of thewhole ungutted and gutted sea bass stored in ice as determined by the overall
acceptability sensory scores and microbiological dasl3 and 8 days, respectively theds
reverse to ta bacterial loadalthough mesophilic count of gutted fish were higher than the
ungutted fish(Papadopoulost al, 2003)

Most of the North European countrieompulsorilygut leanfish specieslt is based on the
assumption that the quality of these@pe suffers if they are not gutted. In the caseoof it

has been shown thadt guttingcauses a considerable quality loss and a reduction in the storage
life of five or six days. After only two days from catch, discoloration of the belly area itevisib
and the raw fillet acquires an offensive cabbage odbuese odours are removed to some
extentwhenthey are boileqHuss 1995)
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Bleeding significantly reduced rancidity in minced trout whole muscle, minced mackerel light
muscle, and intact mackerehrk musclebut not minced mackerel dark muscle stored at 2°C
(Richards and Hultin 2002)

Time spent on board prior to bleeding or gutting showed greHigat on quality of cod rather
than theBleeding/gutting proceduréd controlled study was conductechder commercial
conditions to assess the sensory quality of aa (dockside grade) stored in ice for
approximately 24ours Prior to being icedgod were bled andyutted using a twatep, a
conventional (shallow cut) orstep, or a modified (deep cuihestep procedure at each of
four different times after theodwere brought o#board. The mean sensory quality was very
dependent upon the treatment combination, but was more affected by tloe-ooardprior

to bleeding/gutting than by the actual Hew/gutting procedure. Any significant
improvement in sensory quality by the tstep procedure only occurred when toel were
first broughton-board The type of onetep procedure had little significant affect upon sensory
quality (Bottaet al,1986)

Accordingto the citation given byHuss (1995) the volatile, foutsmelling compounds are
mostly found in the gut and surrounding area whereas the amount of volatile acids and bases
is relatively low in the fillet itsél These chemical parameters are, therefore, not useful for
distinguishing tween gutted and ungutted fisBimilar experiments with otherodlike
species shoed a more differentiated picture. In the case hafddock Klelanogrammus
aeglefinug, whiting (Merlangius merlangys saithe (Pollachius vireny and blue whiting
(Micromesistius poutassput wasobserved that ungutted fish stored at 0°C satfarquality

loss compared with gutted fisBome offodours and offlavours are detected, but ungutted
haddock, whiting and saithe are still acceptable as raw material for frozen fillets after nearly
one week on iceQuite different results are obtained with South American Ifislezluccius

gayi), whereno difference is observeetween gutted and unguttedfigHuss1995)

2.6 Methods to evaluatdreshness
2.6.1 Sensory evaluation

Freshness, defined in terms of odour, flavour, texture and appedsaaceqy to describéne
overall quality of fish(Lougovois and Kyrana 2005)

Sensory evaluation is theientific discipline that evokes, measures, analyses and interprets
humanreactiongo characteristics of food perceived through the senses of sight, smell, taste,
touch and hearingsensory evaluation is an important method for the assessment of freshness
and quality, and is commonly used in the fish sector and fish inspection s€huites and
Martinsdottir 1997)The method is quantitativendnumerical data are collectéadl establish
relationship between product characteristics and human perc@yaotnsdottiret al, 2009)

This mehod is frequently used ithe industry and for fish inspection servicef_uten and
Martinsdottir 1997)In some of the countries of the world, it is also called organoleptic test
and in most of the cases depend theknowledge and experience of the assessor. Therefore,
a fluctuation in result is quite normal tinis situation. So standardization of methods are now

a common trend to make it objective measurement, not the personal per(@ffedattiret

al., 1997)

UNU - Fisheries Training Programme 10



Hossain

TheQuality IndexMethod(QIM) is one reliablevayto measuré¢he freshness of fish stored in

ice (Martinsdattir et al, 2001) The idea ofQIM methodwas originally developed by the
Tasmanian Foo&Research Unit (CSIRO), which rely d¢he part of the bodyhat aregood

indicator of fish freshness. This pastconsidered to be the sensory parameter and specific
points are allocated for degree of changes in the parameters for the selected species or product
(Sveinsdottiret al, 2002, Martinsd6tti002)

In theQIM schemethe lowest score or zero is given for each attributes for very fresh fish and
higher scordor deterioration of the fishThe addition of the scores of all the attributes are
called Quality Index. Ashe scheme is based on the overalirecno excessive emphasis is
givenon a single attributeA sample cannot be rejected the basis of a single criterion and
minor differences in results for any of the criteria do not unduly influence the total QIM score
(Luten and Martinsdottir 1997)

QIM is developed on the basis gfecies and whole fish or fillet and raw or cooked. But the
other factors which can influence the quality of fismever been taken into account lke
different storageconditions such as frozedefrostedfish, storagen ice slurry, temperature
abuse during storage, etc. Furthermareyel technique like superchillingdAP, vacuum
packaging whictextend the shelfife of fish, alter the spoilage pattefiartinsdottir 2002)

QIM schemes have been developed for a nurabésh species including fresh herring and
cod (Jonsdottirl992; Larseret al, 1992) Atlantic mackerel, horse mackerel and European
sardine Andradeet al, 1997),red fish brill, dab, haddock, pollock, sole, turbot and shrimp
(Luten2000; Martinsdditr et al, 2001) gilthead seabreafiuidobroet al, 2000) frozen cod
fillets (Warmet al, 1998)and fresh cod fillet§Bonilla et al, 2007)andarctic char(Odoli et

al., 2008) Some QIMschemesave developed on the same species but differeridauture
condition likecultured and wild sea bag&lasalvaret al, 2001)

There is nIM schemaleveloped fowholetilapia. The only standardized method developed
by Odoli et al, (2013a)is on the fillet of tilaja.

2.3.2 Physical and chemical analysis

Total volatile basic nitrogen (TV4BI)

Total volatile basic nitrogen (TV4BI) is a general term which includes the measurement of
trimethylamine (TMA), dimethylamine (DMA), ammonia and other volatile basic nitrogenous
compounds. These compounds are associated with seafood spoilageéBaitis one of the
most widely used measurements of seafood qudity.according to Anthdret al,, (1990)

there are some tropical freshwater fishesciWlare abundant in TMAO. During spoilage of
fish TMAO is reduced to TMA which is noticeable during sensory test. TMA can be produced
in fresh water fishes also in other way. Sometimes amino acid is degnadl€A produce

that characteristic spoilage adoTVB-N analyss does not reflectpoilage irearlier stage but

it can indicateadvanced spoilagef fish (Huss 1995)The concentration of TVBI in freshly
caught fish is typically between 5 and 20 mg N/100 g muscle, whereas levels 856 86g
N/100 gin amuscleis generally regarded as the limit of acceptability forst@red cold water

fish (Husset al, 1988; Connelll995) According to Adogaet al, (2010) the rejection value

of TVB-N was 38.75 mgN/100g. Howeve Odoli et al, (2013b) suggesed that TVB-N
analysisalonewasnot good indicair of tilapia spoilage
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pH measurement

It is common to measure the pH of the muscle tissuéeteriorationfHowgate 2009)After
deah of thefish, autolytic action takes place, which produce lactic acid in fish. As a result of
this pH value decreaseatter rigor during storage pH value increase due to the production of
basic compounds like ammonia mainly derived from microbial abiydish spoilage bacteria
(Boskou & Debevere, 200RRuiz-Capillas & Moral, 2001)

Colourmeasurement

Kiesslinget al,, (2004)reportedthat colour can definte quality of fish where other physical
test like textureand gaping cannot defime Robbet al, (2000 )statecthat electrestimulation

of 1.5 kg rainbow trout@ncorhynchus mykisgmmediately after slaughtelid not only result
in short times to rigor, but the flesh cotowas affected and suggested ttieg changs in
colour with slaughtewasdue to changes in musd&ucture Therefore, colour change can be
used to define the quality of fish.

There are three systemf describing calur. The earliest one is called {Gé systemand was
developed in 1931The CIE systens based on the imaginary positipgmaries X Y, andZ;
which are transformed from real red, green and tolcleromaticprimaries whichmaycontain
negative values. In CIE, colour is located by (Y.,yx where, Y= luminouseflectanceof
transmittancécontainingthe entire light stimulus) and chromaticallyealinates. Thisystem
is not visually uniform. In order to resolve this issheHuntersystemwas devedped n 1958.
In the Hunter systentolour ismore uniform than CIE and is defined by, @, b); where, L=
relates tdightnessand a, b means red/green and yellow/hlues(MacDougall, 2002) The
combination of these primariésable to define colour.

2.3.3 Microbiological methods

Total viable counts (TVC)

In a post mortem fish, spoilage is the most important natural consequences that affect the
guality to rejection level. The foundation of spoilage is created by autolysis by releasing
nutrients and the microrganism takes the opportunity, invade into the muscle and spoil the
fish. According to Murray and Shewdh979) only a very limited number of bacteria found

to invade the flesh during iced storage

There are various nteods for microbial assessment. Total Viable Count (TVC) is one of the
most widely practiced methods. The term is also called Total Aerobic Count (TAC) and
Standard Plate Count (SR@)eaning the total number of bacteria that are capable of forming
visible colonies on a culture media at a given temperdtduss1995) Thereare two types of
bacteria, one of the group is involved in fish spoilage. §hisipis seldom a good indicator

of the sensorial quality or expected shelf life of the proidasset d., 1974) TVC does not
reflect the count of spoilage bacteria in food. Instared Nile perch, the total count was 10
cfu/g for days before the fish was rejec{@amet al, 1989)and in lightly preserved fish
products high counts prevail for a lotigne before rejection. Athe point of sensorsejection,

the TVC infish products are typically 1. cfu/g. In case of tilapia the sensory rejection
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point wasfound to be log 7 cfu/gOdoli et al, 2013a) However, standards, guidelines and
specificatons often use much lower TVC as indices of acceptalfditgfsdottiret al. 1997)

Specific spoilage organisms (SSO)

Spoilage reactions in food are complicated and dynasiihespoilagereactions andnicro-
organisms may change as a function of prodtlwracteristics and storage conditions
(Dalgaardet al, 2002) Spoilage rate is dependent of the activity of the spoilage bacteria
(Ronsivalliand Charmi975) As mentionecarlier, not all of the micreorganism are involved

in the spoilage of fish. Thenicro-organisms involved in the spoilage are called Specific
Spoilage Organisms (SSO). These bacteria can produce fgBvb#tbur which indicates
spoilage othefish. The qualitativeability to produce oHodours (spoilage potential) and the
guantitative hility to produce spoilage metabolites (spoilage activity) are essential in the
identification of an SS@Gramand Dalgaar@002) Gramet al, (1987)used diffeent peptone

rich substrates containing ferric citratad found that HS-producing bacteria such as
Shewanella putrefacierege producing black colonies. Spoilage\prionaceaefamily can

also be detected usimgn agar.The sensory rejection point for tilapia was found to be log 6
cfu/g (Odoli et al, 2013a)
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3 MATERIALS AND METHOD S

3.1 Collection of fish

The experimental fistvasTilapia (Oreochromisilotica). Samples were collected from a fish
farmin the south of Iceland artchnsported to the slaughter houwsarby The rumberof fish
was130,weighing 9530+93.13g on averagerdm these,10 fish were packed separately in

a Styrofoam box as reference sample @ddishwereleft wholeand ® fishwere guttedThe

fish was transported to the processing plant and treated with Combined Blast and Contact
cooler(CBC) at-8°Cfor 10 minutes The samplgwere packed ifstyrofoam (EPShoxesand
cooling mats wereputinside the boxeandtransportedo Matis.

3.2 Experimental design

Theexperiment had 4 treatments, gutted with CBC treated, ungutted with CBC tgpated,
without CBC and ungutted without CBBmongthe 130 fish, 10wereseparatelypacked as
stated earlier. &st of the fishesyere packed iEPS/ Styrofoam boxes with false bottofl

the EPS boxes were stored in to the cooler in Matis. The tempevedsrset to &°C up to
day 6and day 7 to the end of the experiment t¢@ &mulating the sea freight temperature
and transportation and storage in retail chain temperatheze waone reference point and
five sampling pointsThe samplingointswere day 6, 10, 14, 17 and 20. Selection of fisis
done randomlyFor better management of the projetiort code were used for the treatment
names The arrangemenbf treatmerg are shown onTable 1 and a layoutf experimental
design is presented Figure3.

Tablel. Arrangement of treatments

Treatment Name Code No. of fish No. of boxes
Gutted with CBC CG 30 fish 5
Ungutted withCBC CuU 30 fish 5
Gutted without CBC AG 30 fish 5
Ungutted without CBC AU 30 fish 5

3.3 Analysis ofsample

A randomly picked reference samplastransported to the laboratory for analysis. Insulated
boxes were kept in in the cooler at a temperature ranging-ftam 2C. On each sampling

day, 1 box from each treatment were randomly selected andregignumber of fish were
collected from each box for sensory, physical, chemical and microbial analysis. Sampling were
done after 6, 10, 14, 17 and 20 days.
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Figure3. Experimental Design
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3.4 Temperature logging

Temperature loggers wereaasduringthe storage to monitor the temperature condivbthe

fish. One logger was placed inside every box to monitor the ambient temperature, and another
logger was placed inside the muscle of one fish (FigurA 8puple of loggeswere set in the

cooler to monitor the temperature condition inside. Temperature recordings were at 10 minutes
interval. Thus, two types of logger were usih@,iButton temperature loggers, type DS1922L
(Figure 4)andTidbiT v2 Water Temperature Data LoggedTBI-001 (Figure 5)

Figure4. Position of temperature logger on the fish

iy
@ Cooler
temperature

&

Figure5. Placement athe watertemperature logger

3.5 Sensory evaluation

To estimate the freshnesstoépia, the Quality Index Method (QIMYeveloped byOdoli et
al. (2013a)wasfollowed duringthe sensory evaluatiod panelof 6 to 7 membexrtrained
according to International Standart8O 1993were usedFor each sampling dayhteetilapia
fillets from each sample growperecoded witha threedigit random numberandplaced on a
white clean table atoom temperature, under vi@ifluorescenlight.

There are six sensory attributes in the scheme; nacw@bur of the lateral line, colowf loin,
colour of belly flap, mucus, texture and odour of tilapia. Total QIM score is thirteen. The
rejection of the fish, according to the scheme, detaxthiny the total score at the rejection
point. The rejection point as determined Ogoli et al, (2013), however on the basis of
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microbial counts in terms of TVC i€fu/g and SSO 10cfu/g was however 6.5. The QIM
scheme followed is described in Table 2

Table2. QIM method for tilapia fillet

Fish part Quality parameter Description Score

Skin side Colour * Dark red, red brown
Red brown, lighter colour
Light brown

N = O

Flesh Colour,loin light, beige, trace of red or bluish
A little darker colour, a little brownish or greyist
Greyish, brownish, yellowish

N~ O

Colour, flap bluish, transparent
light, milky colour
Greyish or brownish

NEF~ O

Mucus No mucus, matexture
A little shiny, trace of mucus
Milky or greenish mucus

N = O

Texture Firm
Rather soft
soft

N~ O

Odour Fresh, neutral
Seaweed, marine, grass
Sour milk, silage
Acetic, putrid
Quality index (013)
* Stripes at the middle of the loin (lateral line)

WNEFELO

3.6 Microbial measurements

Total viable psychrotrophic counts (TVC) and counts @8 producing bacteria were done by
following a modified procedure originally developed®ramet al (1987) Duplicate sampke
wereanalysedor each treatmerdn each day of sampling. Each sample consisted of nsuscle
taken fromdifferentpart ofthetilapia. First the skirwasdisinfected with 70% isopropanol and
then aseptically cut away andetiinderlyingmuscle collecte@nd mincedTotal of 20 gwas
weighedand mixed with180 g ofdiluentand blended in a Stomachei@b Blender 400
(Seward, UK) for 1 min to obtain 1/10 dilutioBerial10-fold dilution were donas needed in
9ml cooled MRD.The diluted sampkwerecultured in iron agansing spread plate technique
andincubated at 17°Gor 5 days Total Viable psychrotrophi€ounts (TVC) and counts on
H>S producing bacteria (Black colonies) wedmne for identification of spoilage.

3.7 Physicd measuremen
3.7.1 Colour

The intensity of the flesbolourwas measured with a Minolta &R0 Chromameter(Minolta
cameraCo., Ltd; Osaka, Japan) in Hunter Laystem (Hunter,1958). The instrument records
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the Lvalue, lightness on the scale of 0 to 100rfrielack to whitea value, (+) red or) green
b value, (+) yellow or+) blue(MacDougall, 2002)

Measurements were taken in selected pdiontdateral linemaintaining the same direction
(Figure 6)simulating colour attbutes in Quality Index Method (QIM) scheniMeasurements
were aso taken for the borgide atthe loin and thebelly flap maintaining the number and
direction shown irFigure6. Measurements were always takerthe directionfrom head to
tail.

Figure6. Colour measurement points for lateral line and bside fillet

3.7.2 Cooking yeld

Cooking vyield is defied as the amount of liquid loduring cooking.Cooking yield was
determined by steam cooking the fillets at 95°C to 100°C for 8 min in a Convostar oven
(Convotherm, Elektrogerate GmbH, Eglfing, Germany). After the cooking,iltats fwere
cooled down to room temperature for 15 min before weighing for cooking yield determination.
The yield after cooking (%) was calculated as the weight of the cooked fillets in conthast w
the weight of raw fillets

The cooking yield (CY) wasatculated by the formula:

W
Cy= —% 100 (%)
WraW

Where,

WeookediS the weight of cooked sample
Wiaw is theweight of sample before cooking
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3.8 Chemical measurements

3.8.1 Total Volatile Bases (TVEN)

Minced samplswereextracteddistilled andfollowed by the titratioormethodaccording to Helrich
(1990) TVB-N was performed through direct distillation into boric acid usingjeldahttype
distillator (Struer TVN distillatorYMalle and Poumeyral989) Theacidwastitrated with diluted

H2SOs solutionandnormalitywas ecorded for calculatioriThe TVB-N contentwas expressed in
mgN/100 g tilapigissue.Samples were analysed in duplicate and results were presented as an
averageThe TVB-N content was calculated by the following formula:

14mg/molxaxbx300
25ml

(mgN/100g)

Where,
a = ml of sulphuri@acid;
b = normality of sulphuric acid.

3.8.2 pH

The pH was measured by mixing 5 g of mince with 5 mL of deionised water. Tineefe
was previously calibrated using the buffer solutions of pH 7.00+£0.01 and 4.00+6°@) (2
(Radiometer Analytical A/s, Bagsvak DenmarR.

3.9 Data analysis

Data analysisvasdone by following standard statisticaethods using Microsofffice Excel
2013and an addn for Excel, X .STAT. For data analysjswo-way ANOVA was usegwhich
was further analysed by using Tukey (HSD} tesngXLSTAT. Significance of differences
was defined at the 5% level (p<0.05).
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4 RESULTS

4.1 Temperature results
4.1.1 Cold chain

A cold chainwas maintained throughout the study. Figbre keptm a cold environment
maintainedirom the catch until it perishedhnitially ice was usedor temporay preservation
of fish and alsdransportationThe temperature were belowW@ after catchjn the slaughter
houseandduring transportation.

At Matis, samples were put in a cooler-at°C, for the first 6 days aftelaughter, and oday

7 the samples were put &tQto simulate the transportation to the markets in Europe. The
temperature of the CBC treated fish was los@mpared to the untreated fish, as shown in
Figure7.

In the case of gutted without CBC, the tiai fish coretemperature of W to subzero
temperature a day after storage and temperaturegai@ after 8 days of storage. Fish core
temperature in the other treatments were lower.

For CBC uptoday 11 fish coretemperature did not change withe changng cooler
temperature. Butithout CBC from day 7the temperature in th@oler increass# as well as
the core temperatearof fish in all the treatments, as shown in Figure 7

3
25
2
s
=
©
51
o
55
|_
0
----- Ungutted with CBC
-0.5 Gutted without CBC

--------- Ungutted without CBC

Gutted with CBC
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Storage time (day)

Figure7. Influence of storage temperatwe different treatments

The fish core temperature was lower due to CBC treatmeesperature profilef fish, box
andcooler is shown ifrigure8. The cooletemperature dirgy influenced the box temperature.
But asbox was made of styrofoam, whichalow heat conductor. So temperature was never
very close to cooler temperatue. The normal process is that fish realease heaitesbered
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in colder temperature. But fish core teperature was lower dhe @BC effect. Therefore, the
treatmentsnaintanedan opposite trend during the experimental period.

=
/"i:.-..-sv’&---""“'

’A'—' —
Mw

——Temp. inside the fish
——Temp. in the box out side the fish
Cooler Temp.

Temperature’C
O O W NEPOEFRPDNWDd

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Storage Time (day)

Figure8. Temperature profile in fish treated with CBC during storage

Temperature profile ofish, box andcooler is shown irFigure 9. The coolertemperature
directy influenced the box temperaturet less effective due tlow conductivity of styrofoam

boxes So temperaturimto the boxwas never very close to cooler temperaite initial fish

core temperature was higher thali€. After storageat first, the temperatur@nside the box

went down and influenced fish core temperature. Then the fish core temperature also went
down. The normal process is that fish realease heat when preserved in cold temperature.
Therefoe the same trend was maintained during the experirmeetid.

,/\_”_‘%:::w—':"
N A"/f\ﬂ”v\m/"
e
\ 1 /
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—— Temp. in the box out side the fish
—— Temp. inside the fish
Cooler Temp.

Temperature®C)
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Storage time (day)

Figure9. Temperature profile in fish without CBC during storage
Initially there wasa clear distinction in fish core temperature between CBC treated and
untreated treatments on daya$ CBC treated fish core temperature was areQrglC and

without CBCwasaround OC and getting dowrFish core temperatarbecome equal in both
CBC treated andnireated treatmentsday 3 This temperature condition continued uphe t
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time whencooler temperature was reset f€2n day 6 On day 8, the core temperature of
CBC treated and untreated was readily differééiaThe CBC untreated temperature was
increasedy the influence of increased temperature of the cdmletemperature was lower
than the treatments without CBC treatEtfect of CBC on core temperature of fishown in
Figurel0.

4
3
2
gt K il
o \ |
= I
© % 5 & 9
81
e
L 5 ——Fish temperature
treated with CBC
-3 —— Fish temp. without
CBC
-4
—— Cooler Temp.
= Storage time (day)

Figurel0. Difference in core temperature of CBC treated and un treated fish

4.2 Sensory Evaluation
4.2.1 QIM score

The results from the sensory evaluatiof fillets with the QIM scheme showedysificant
differenceqp<0.0001)day 17 and day 2@ompared tather sampling dayg-igure1l). The
graph shows the similar patteof score increasas described bfonilla et al, (2007)and
Odoliet al, (2013a) At the day 17all the groupgpassed thakjection pointespeciallygutted

with CBC scored the highest point, which indicates the quality deterioration of fish. Which
might due to the combined effect of CBC forming ice crystals in skin initially very gabd
after ice crystal meltalvn it becomes susceptible to migymanisms and due to the gutting

of fish expose the body cavity to the environment. However, the difference is not significant.

The samples were still not rejected by the panellists. On dagv2@y panellist vasceriain
about the spoilage and rejected all the samples.
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13.0 1
12.0 +
11.0 +
10.0 +

0 2 4 6 8 10 12 14 16 18 20
Storage time (day)
—&— Gutted with CBC —o— Ungutted with CBC

—O0— Gutted without CBC —O— Ungutted without CBC

Figurell QIM Score (Mean + SD) for different treatments at storage.

The lateral line is one of the best sensory attributes indicating sensory s|jOitkdie et al.,
2013a) The normatolourof the lateral line is bright to darkish redlour, which tend to fade

up and become light red and ultimately become darkish brd¥gnificant differencevas
found between guttedish treatel with CBC, compared taingutted without CBCNo
significant difference was found itreatments on the same day. There was no significant
difference between the days other than between day 20 and dajeliesult indicates that
tilapia sample was degramj in course of time irrespective to treatmemtse changes in lateral
colour is shown irFigure12.

Loin colour for different sampling days is shownrFigure143. No significant differencavas

found between the treatments on the same day. But signitidéerence were found between

day 20 treatments with other sampling days except day 17. Day 17 also significantly differs
from all treatment®of day 2, 6, 10 andngutted without CBC on day 14.

2.0 1

2.0 1
1.8 1 1.8 1
1.6 1 1.6 -
1.4 4 1.4 4
pl2y 1.2 1
81.0 1 §1.o .
0.8 A N0.8 -
0.6 1 0.6 -
0.4 o 0.4 -
0.2 4 0.2 1
0.0 - Y T T T T T T J 0.0 4 . r r T T T T .
0 2 4 6 8 10 12 14 16 18 20 0O 2 4 6 8 10 12 14 16 18 20
_ Storage days Storage days
—&— Gutted with CBC —o— Ungutted with CBC —&— Gutted with CBC —o— Ungutted with CBC
—O— Gutted without CBC ~ —O— Ungutted without CBC —O— Gutted without CBC —O— Ungutted without CBC
Figurel2. Lateral line colar (Meant SD) Figurel3. Loin colour(Mean + SD for the
for thetreatments on sampling treatment®n sampling days

days
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Belly flap colour for different sampling days is showrrigurel4. Belly flapcolourdecrease

over time exceptin day 10, which might be due to the lean margin of difference made the
panellist in a 50 situation. This indicates that, there is a very little change in between day 2
to day 10Significant variation was found between dagyand 20 inreatmentg€ompared with
earlier dayexceptgutted with CBC a day 6.

Mucus level in different sampling days is showrFigure15. The result for this parameter is

not consistent Because the mucus that was describe@IM scheme was about the tilapia
fillet stored in zero osubzerocondition. But in this experiment, whole fish was stored and
filleted on the sampling day. So there was simply a thin layer of slime over the fillet more or
less similar to detect any difference.

2.0 1
i'g 1.8
16 | 1.6 7
14 1.4 4
012 - 0 12 1
Sio. S 1.0 4
2 (1):(8) 1 9 0.8
0.6 1 0.6 1
0.4 4 0.4 -
0.2 1 0.2 1
0.0 g - F - - . 0.0 A — —
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Storage days Storage days
—&— Gutted with CBC —o— Ungutted with CBC —&— Gutted with CBC —o— Ungutted with CBC

—O— Gutted without CBC ~ —O— Ungutted without CBC —O— Gutted without CBC =~ —O— Ungutted without CBC

Figurel4. Belly flap colour(Mean+ SD)for Figure 15Mucus(Mean+ SD)for the
the treatments on sampling days treatments on sampling days

The €xture score for the treatments on different sampling days is shdwguire16. The fish
muscle became firmer during the storaigee. No significant differencevas found between

the treatments during the storage time. Significant variation was only found between earlier
sampling points and final sampling points, which indicates slow megtewards
deterioration.

For odour of fish, nsignificant difference was found between the treatments on the same day.
But significant differencewere found between day 20 treatments with other sampling days
except day 17Similarly, significant diffeences were found between day 17 treatments with
other sampling days except day 20. The graghshown in Figure 1@|soindicates that there

was almost no change in development of odour up to day 10. Then odocenl tetal¢velop
exponentially and oday 17 unguttedish with CBC treatment reached the same level like day
20. For overall treatments, day 20 showed the highest score for odond@ated the spoilage

of fish.
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Figurel6. Texture scoréMean = SD for Figurel7. Odourscore(Mean = SD)n the
the teatments on sampling days treatments on sampling days

4.3 Physicalparameters
4.3.1 Colour

Colour measurements of lateral line were taken to make contrast with sensory result. At the
start of thetrial the fillets were medium bright and a combination of red and yellow, which
indicates that the fillet might be red brown in colour. But as time progresses, the fillet colour
became darkish and little increase in abundance of red and yellow pignargagbest that

the fillet became dark brown. No significant difference (p>0.05) was found in lightness or
darkness either for the treatments or for the sampling days. For red/green colour, significant
difference was only found in gutted without CBC on d&ywith ungutted CBC on day 10 and

20. Significant difference was found in yellow and blueness between ungutted CBC on day 14
and gutted with/ without CBC on day 20. The colour changes for lightness, red/ green and
yellow/ blue are shown iRigures 1819, and20.
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Figurel8. Light intensity in lateral line (L) Figurel9. Red/greenness in lateral line (
(Mean £ SD) (Mean = SD)
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Figure20. Blue/yellownesgMean + SD)n lateral line(b)

The boneside colour changes in terms of lightness, red/ green andvydlloe are shown in
Figures21,22, and 23 At the start of the trial the fillets were medium bright and a combination

of green ad light yellow, which indicatethat the fillet might be whitish inolour and absence

of redness wasvident. But as time progressdie fillet colour became a little bit darkistith

a smalldecrease in greenness and yellow pigmehish indicateghat the fillet became pale

in colour. No significant difference was found in lightness or darkness either for the treatments
or for the sampling days except between gutted with CBC on day 14 and ungutted with/without
CBC on day 2@andgutted without CBC on day 10. No significant differencasviound for

the treatments or for the sampling days for red/green and yellow/blue colour.

60 -

023 4 6 8 12 14 16 18 20

2 4 6 8 10 12 14 16 18 20
~ Storage time (days) ' et Storage time (day)

—&— Gutted with CBC —o— Ungutted with CBC &— Gutted with CBC Ungutted with CBC

—0O— Gutted without CBC —0— Ungutted without CBC —0O— Gutted without CBC —0— Ungutted without CB!

Figure2l. Light intensity Meanz SD) in Figure22. Red/greennegdean = SD)in
bone side fillet (L) bone ge fillet (a)
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Figure23. Blue/yellownesgMean + SD)of bone sie fillet (b)

4.3.2 Cooking yield

Cooking yield of tilapia of every group are shownFigure 24. On day 6, cooking yield of

CBC untreated tilapia was higher than CBE€ated tilpia. Similar result were foundhaday

10. Which might be due to the initial frozen outer layethef fish due to CBC treatment
reduced drip loss and during cooking higher temperateledown ice crystal resulted less
cooking yield. Howeer, thedifference was not significanBut after that no significant
variation was found, although it maintained a slow increase rate up to the end of the storage
life. No significant variation was also found from the beginning to the end days.

95 -
94 -1
- 93 - —&— Gutted with
© 92 - CBC
= —o— Ungutted with
o 91 ~ CBC
= | —0O— Gutted
% 90 without CBC
8 89 4 —o—U_ngutted
S 88 - without CBC
87 1
86 -
85

0 2 4 6 8 10 12 14 16 18 20
Storage time (day)
Figure24. Cooking yield(Mean + SD)in different treatment in sampling days

4.4 Chemicalassessment
4.4.1 Total Volatile BaseNitrogen (TVBN)

Resuls from Total Volatile BaseNitrogen (TVB-N) content analyseare illustratedn Figure
25. No significant variatiorfoundin terms of day and treatment up to day 14. No significant
difference was found between the treatments in the same day. But significant diffeasnce
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found between day 20 ungutted without CBC with day 14 treatments an@l dagutted
with/without CBC treated. No significant ééfence was observed in caselaf 6.

30 1
2
8 251 —8 Gutted with
= CBC
g 20 - —— gg%utted with
< —O Gutted without
L 15 CBC
I—

10 T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20

Storage time (day)
Figure25. TVB-N (Mean £ SD)n the treatments in different sampling days

4.4.2 pHmeasurement

The esuls of pH measuremerdre shownin Figure 26 The gutted CBC treatment tend to
show lower in pH value but ndignificanty. Significant differencewas found between
ungutted treated with CB@eatment on day 6 and gutted/ungutted CBC treated treatments on
day 17 and gutted without CBGQialay 20. No significant variation was found in other cases
in terms of comparison of days and treatmeBtg. there was an increasing tendeircyH

found in the treatments. In tilapiafter death stored in-2°C, rigor finishes within 26.5 hours
(Huss, 1995)The fish were otthe day2 of storage during the first sampling. So result always
showed some increang tendency.

6.60 -
6.50 A
—— Gutted with CBC
6.40 -
6.30 A —— gg%utted with
5 6.20 1 —0— Gutted without
6.10 A CBC
—O— Ungutted without
6.00 A CBC
5.90 A
5.80

0 2 4 6 8 10 12 14 16 18 20
Storage time (day)

Figure26. Changes in pHfMean = SD)n different treatments on samplingys
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4.5 Microbial
4.5.1 Total Viable Count (TVC)

Changes in TVC is shown Figure27. The initial microbial load in terms of TVC was log 3,
which remained unchangeg today 6. Nasignificantdifference was foundp today 6. After
change of temperature fro-1°C to 2°C the scenario changed drastic&ky.sampling day 10,

14 and 17 TVC crossed log% 5-6 and around 6 respectivelyn@ay 20, the ungutted
treatments (both with/without CBC) found with relatively higher TVC, though there was no
significant \ariation between the treatments. However, after day 6 TVC result showed
significant difference for all the sampling days; which indidateapid growth of psychotropic
bacteria.

8.00 -

7.00 A

6.00 A ——Gutted CBC
= treated
g 2001 —o— Ungutted CBC
©  4.00 | treated
2 —{1 Gutted Without
< 3.00 - CBC _
(>) 2.00 - —O— Ungutted Without
~ CBC

1.00 -

0.00 T T T T T T T T T 1

0O 2 4 6 8 10 12 14 16 18 20
Storage time (day)
Figure27. Microbial load in terms of Total \dble Count (TVC)log cfu.g*
(Mean = SD)in the treatments on sampling days

4.5.2 Specific Spoilag®©rganismgSSO0O)

The initial sampling day showed absence ofcmeSpoilage Organism (SSOQRn day 6,
ungutted CBC treated treatment showed presence ofigpdiacteria buvas absent ithe

other tratments. From that day on, the temperature was increasedlftord®C. The growth

of H2S producing bacteria started to develop and in the next sampling day (day dl0jhe
treatments. The bacterial growttas rapid until it reached day 20, when it was rejecteddn
sensory method. No significant variation was found between treatments on the same sampling
daysexcept for day 6 ungutted CBC treated.dxe significantdifference wadound betveen
guttedfish treated withCBC andall the treatmentfrom day 10 onwards. Hence SSO growth
was slowest in this treatment, which indicates the gutted with CBC treated can provide little
better storage than the other treatme@itsanges in Specific Spoilage Organism is shown

in Figure 28.
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Figure28. Specific Spoilag®©rganismgSSO)loadin log cfu.g* (Mean + SD)n different
treatments

5 DISCUSSION
5.1 Temperature effect

The cooler temperature was maintained1&€C up to day 6 simulatingea freight. Then the
temperature was increased@f€ to simulate théransportation and retail chain in Europe. The
temperature inhe coolerfluctuatedaround sukzero temperatuseup to day 6, after that the
cooler temperature fluctued around1-2°C.

5.2 CBC effect

The fish core temperature, in case of CBC treated fish, was very close to the cooler temperature
but temperature inside the box was higher than both cooler and fish. This might be due to the
low conductivity of EPS/Styrofoam box@dargeirssa et al, 2011)and fish core temperature

was already subero due to the CBC treatment. The temperature for thartemts without

CBC, on the other hand, showadifferent trendThe fish core temperature was initially higher

than OC. The box temperate decreased slowly but fish core temperature decteasemore

slowly. This indicates that heat was transferred from fish core to the box to the cooler.

The result for the CBC and witho@BC treatments indicatetiat the core temperature was
always bwer in earlier stated treatments than the latter. Similar result was recorded by
Magnussoret al (2009) wheredifferent combination of conditions like precooling with plate
ice, liquid ice and no cooling; then treatadth or without CBC were used; and all the
treatmentstored in-1°C or under real temperature simulation at Matis. The temperature was
always cooler in CBC treated groups. The result alagsimilar to Purwaamidjaj§2010),

which found thaCBC treated filletéendto have lower increase in temperaturan increased
storage temperature

A great deal of research on tRMC superchillingtechnique techniquéMagnussoret al.,
2009; Purwaamidjaja 201@doli et al, 2013, Margeirssonet al, 2011;Olafsdottiret al,
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2006a; Semwanga 2018rnpdrsddttiret al, 2008)almost nothing neesearchexistson the
effect of CBC on whole fish.

For determination of freshness of tilapia, the indicative tests are sensory andatogroal
tests(Odoliet al, 2013) There watittle difference foundetween CBC treated andtteated

on the same sampling day both for microbial test and for sensory attributes. This might be
becausafter CBC treatment, the fish core temperature deaseased to stiero level.Both

CBC treated and ureated fish were stored in the same cooler in the sameesaltemperature

to simulatesea freighttransportation. On day 3, the core temperature othalltreatments
became similarTherefore, the taperature advantage gained by CBC treatment could not
influence the overall quality of fish. Similar resulterereported byOlafsdattiret al, (2012)
which indicatedhat the superchilled processing for whole cod ma@smportant if the storage
condition is similar. Butsome difference can be founfdthe temperaturen the storage
conditionfluctuates

Bjarnason(2012)stated thaCBC was applied for 30 minutendstored foronehour showed

that the fish flesh did not reach initial freezing. Hence, he assumed that a lower temperature or
a longer chilling period needs to be applied for an around 2.5 kg whol&iisirski (1990)
recorded that e initial freezing point of fish is0.8 to-1.4°C, but Johnstoret al., (1994)
repoted that the initial freezing point for fish is1°C. Kaale et al, (2011) statedthat in
superchiing, the temperature of a food product is loweted-2°C below the initial freezing

point WatermarandTaylor(2001) specified the temperature to a narrow range tf-2.5°C.
Thetemperature of CBC treatdigh in this experimentvere around0.5°C. The scal@resent

in tilapia skin isa heat transfer barrier. Therefore, may be only the skin reached initial freezing
as the muscle temperature recorded at are@useC.

5.3 Effect of gutting

The decision of a procemsto gut fish or nois sometimes trickyone When a fish is gutted,

then the enzymes which are the precursors of spoilage are rer@ovin@ other handhe fish
undergoes some handling stress and some of the areas are exposeddogamnisonsvhenit

is gutted(Huss, 1995)In the current study, no significant change in was observed between day
2 and day 6 sampling in terms of TVC, SSO, pH and IN8nd sensory. Which might be due

to the sukzero temperature reduced tlmzymatic and bacterial activity. But after 6 days, when
the temperature was resetwient fromsuper-chilled to chilled storag and bacteria grow
slowly in chilled conditios (Hobbs, 1982)On day 10, a steady increase in Tat@ SSO was
observed, while pH was also increased but slowly. At the day 20, the fish TVC value for
ungutted with/without CBC was around log 7, while the gutted treatment was still just over log
6. But statistically the difference was not significantcése of SSO, growth was very fast
from day 6 to day 10, then the growth became slower but towards the end of the experiment
the result of TVC and SSO was closer that indicates the dominane8 girétiucing bacteria

in fish. This bacteria was responsilfter producing putrid odour that induced a sensory
rejection. However SSO count was higher in case of ungutted fish treated with/without CBC.
On the other hanthe TVB-N value was more or less similar to the earlier results on day 14
and in day 20, the rekdor the ungutted fish showdabthfor CBC treated without CBCare
22.32+3.96& 19.46+1.49 mgM/100gespectively; whereagutted fish showed low score,
although the resulvas not statisticallgignificanty different The pH was increasy up to day

20. Therefore, spoilage was takiptaceinside fish muscle and the byproduct of basic nature
produced insid increased the pH of fish.
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5.4 pH

pH is commonly used tmeasure of fish deterioratidilowgate, 2009)It is anindicator of

the environment and indicates the suitability of the post mortem fish for enzymatic and
bacterial activity. After death of fish, autolytic action takes place, which produce lactic acid in
thefish. As a result of this pH value decreases. After rifjoing storagepH value increase

due to the production of basic compounds like ammonia mainly derived from microbial action
by fish spoilage bacteri@@oskouand Debevere200Q Ruiz-Capillas and Moral2001) The
starting pH of the treatments was (6:083), which was lower and indicates that the fish had
just passed the rigmtage In tilapia, after death stored ir20C, rigor finishes within 26.5
hours(Huss, 1995)the fish in this case had passed already 2 days wex jopH. Therefore it

can be assumed that the pH sw@@ment started at the earlier post rigor stagelay 6, the

pH was more or less similar for all the treatments that however indicates that the environment
was the same for all the treatments. The tasas supported by the microbial growth, where

the production of Specific Spoilage Organisms was more or less static. When the temperature
was resetthe pH started to increase again and that increase was evidenthgpend of the
experiment, which indates the presence of basic compounds produced by the- micro
organisms.

5.5 Shelf life of fish

Temperaturglaysa vital role in maintaining the freshness of fisbr Ehe frst 6 daysof this
experimenttemperature was set at szdro level {1°C). At thattime, the quality of fish was
aboutthe same afesh caught fish. On day 6, three out of four treatment showed absence of
spoilage bacteria in the fish muscleurth had asmall SSO load. Tie QIM score was near
about 0, a that day. But when the tempena was increased to arourn?’C, then bacteria
inactive at sufzero temprature started to grow rapidiyhe kacterial load in all the treatments
increased exponentially. The$iproducing spoilage bacteria increhf®m 0 to log 3 within

4 days.At day 20, the TVC and SSO load was very close. The rejection point as described by
the ICMSF(1986) Gramet al (1987)andOdoli et al, (2013a) is 10 cfu/g for TVC and 16

cfu/g for SSO. On day 2Q@he result showed that all the samples are around these points
irrespective to treatments. The difference between the treatments were@narmarand Huss
(1996)reveala relatiorml model on bacterial load, spécispoilage bacteria and TVR. The
difference between TVC and SSsfound to be narrow in ge20 as mentioned by the model,
which is the indicator of spoilage or end of shell life. But TMBvas not foundo show the
similarities with the model. According ©@yprian (2013b) TVBN value in tilapia is a good
indicator of spoilagellafsdéttiret al, (2012)foundminordifferences in values of pH, sensory
and bacterial gnoth between the superchilled and Eangerchilled whole fish group#\t day

17, all the groups crossed rejection line, especially Gutted with CBC scored the highest point,
which indicates the quality deterioration of fidtis might due to the combined effect of CBC
forming ice crystals iskin which was initially very good for storage but after ice crystals melt
down skin became susceptible to miorganisms and due to the gutting of fish expose the
body cavity to the environment. However, the difference is not significant. Based osuhge re

it can be assumed that the sensory rejection point is 17 @dgéi.et al, (2013b)revealed a

shelf life of 13-15 daydor air-packaged fillets during storage at 1°C and 20 dayk’&tbased

on the result ofensory analysis of cooked sampl&bhe changem total count (TVC), specific
spoilage organism (SSO) and chemical spoilage indicator during chilled storage of fish product
are shown in Figure 29 below.
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Figure29. Changes indtal count (TVC), specific spoilage organism (SSO) and chemic
spoilage indicator during chilled storage of fish product.

5.6 Retail purchase decision
5.6.1 Cooking yield

The study of cooking yield shea that the cooking yiel had minor increasing tendency.
Cooking yield is related to total yield. Total yield consists of yield (opposite to drip loss) and
cook yield. The changes in total yield could be affected by decomposition of fish muscle. The
reason for fish spoilage is the combined effect enzymatic gctind bacterial growtinother
possible cause is the ice crystal formation due to super chilling arabsttemperature.
According toMartinoet al, (1998) andBahuaucet al, (2008) with time muscle degradesd

more wateccomesout which resukiin increased fluid loss anday result irless free water to
release in cooking yield. Baa al, (2007)compared cooking yield of arctic chditlet stored

with or without ice pacls in superchill, dry ice and chilled sage found no significant
difference between them, i.e. neither within the treatments nor on the sampling days.

5.6.2 Sensory analysis

At the beginning of the storagenalays 2 and 6 the sensory score was very low. The lateral
line colour was bright redrhis was supported bthe result found in colour teshere the
combination of L, a, b indicates simileolour.

On day 20, the colour of lat@rline was like darkish browrsimilar result was found in colour
test, where it showed reduction in light, in@ean rednesand increased yellowness indicates
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a darkish brown colour. According tOdoli et al, (2013b) colour is a major factor in
influencing retail purchase decision. The filletescolour, however did not shaskaracteristic
difference perhaps due to the number of measurement points were 2 in the loin and 2 in the
belly flap; and belly flap was diversely coloured.

The most important attribute in retail decisisnodour. @ day 17, the odour average score
was rear to highest score. Ban day 20, the odour was very strong putrid and recognizable to
all the panellists. Some of the attributes like mucus was still in good conditcbmicrobial
load was also in the limits, but due to colour and odour the sensomg srossed rejection
point.

6 CONCLUSIONS AND RECOMMENDATION S

For the simulation of sea freight, the quality of tilapia in termseofsery, pH, microbial,
chemical and colour attribut@gas similar to the fresh caught fidut when the temperature
wasincreased the fish quality was degrading very quicklyfoBtransportation and retail chain

either the temperature could be decreased or cooling effect could be increased during storage.

Evidently, the period at which the temperature was set°@t in the cooler. The fish core
temperature in CBC treated fish were arot®&°C and without CBC was around® at the
starting and reduced t6.5°C on day 3 to day 6. The core temperature of CBC treated was
colderthan without CBC throughout the experimemticating the cooling efficiency of CBC.
However, the advantage gained by CBC treatment was neutralized by storatfe for 6

days. Furthermore, fish core temperature for CBC treated fish was not below initial freezing.
Therefore, the fish is not supdilled. Only the skin may be superchilled. A lower temperature

or increased cooling time or both should be used for CBC treatments in case of whole fish.
Further researcis needed on this ground.

Higher microbial load, SSO count, pH and TNBwas fouml in ungutted fish. The gut content

was spoiled at the later stage of the experiment, which was obnoxious during filleting, meaning
that it would also be the same for the consumers. Therefore it would be better to gut the fish
during processing.

Based orthe sensory and microbial resultke shelf life of tilapia was about Haysduring
the simulation study for the treatments.

CBC can be used as a superchilling technique, but treatment time should be longer or
temperature should be lower or it can bmbmation of both.

There is no sensory method for checking the freshness of the whole tilapia. Only validated

method developed was only for the fillets. There a QIM method should be developed for
assessing freshness of tilapia.
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APPENDIX

Appendix A: Lateral line colour of different treatments in the sampling days

Gutted with CBC | Ungutted with CBC | Gutted without CBC | Ungutted without CBC

Day 2

Reference

Day 6

Day
10

Day
14
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Appendix B: Results (Mean + SD for different tests of the treatments in the sampling

Hossain

points
Storage Treatment QIM score TVC SSO (BS | Cooking pH
time producing yield
bacteria)
Reference | Ungutted without CBC| 0.22+0.10 | 3.09+0.13 | 0.00+0.00 | 90.89+1.41| 6.08+0.03
Day 6 Gutted with CBC 1.14+0.43 | 3.13+0.50 | 0.00+0.00 | 88.80+0.42| 6.04+0.12
Ungutted with CBC 1.00+0.57 | 3.49+0.10 | 2.54+0.34 | 89.78+1.52| 6.02+0.01
Gutted without CBC | 0.95+0.41 | 3.26+0.25 | 0.00+0.00 | 90.87+0.72| 6.04+0.03
Ungutted without CBC| 0.76+0.22 | 3.11+0.00 | 0.00+0.00 | 90.89+2.58| 6.10+0.04
Day 10 Gutted withCBC 2.39+0.35 | 4.51+0.28 | 3.66+0.06 | 90.74+0.93| 6.26+0.08
Ungutted with CBC 2.28+0.35 | 4.09+0.72 | 2.85+1.20 | 89.33+1.36| 6.18+0.04
Gutted without CBC | 2.22+0.10 | 4.80+0.42 | 3.50+0.71 | 91.49+0.84| 6.26+0.05
Ungutted without CBC| 1.83+0.60 | 4.49+0.33 | 3.62+0.12 | 91.16t0.65| 6.15+0.11
Day 14 Gutted with CBC 4.0340.40 | 5.58+0.18 | 4.24+0.34 | 90.52+1.50| 6.11+0.12
Ungutted with CBC 3.63+0.35 | 5.34+0.80 | 4.24+0.34 | 92.06+0.63| 6.25+0.05
Gutted without CBC | 3.40+0.61 | 5.1740.41 | 3.95+0.07 | 91.70+0.96| 6.25+0.00
Ungutted without CB | 3.4740.45 | 5.75+0.10 | 4.24+0.34 | 91.83+1.52| 6.30+0.02
Day 17 Gutted with CBC 6.89+0.92 | 5.99+0.30 | 4.56+0.63 | 91.80+0.78| 6.34+0.12
Ungutted with CBC 6.22+0.95 | 6.40+0.21 | 5.03+0.35 | 91.42+0.62| 6.35+0.08
Gutted without CBC | 7.67+1.15 | 6.26+0.06 | 4.85+0.64 | 91.53#.19 | 6.32+0.11
Ungutted without CBC| 5.724+0.38 | 6.40+0.49 | 4.19+0.27 | 91.95+2.34| 6.36+0.07
Day 20 Gutted with CBC 6.61+0.89 | 6.73+0.12 | 5.06+0.03 | 92.30+0.96| 6.30+0.19
Ungutted with CBC 7.11+1.37 | 7.55+£0.03 | 6.62+0.54 | 92.13+0.99| 6.45+0.00
Gutted without CBC | 7.11+0.17 | 6.75+0.35 | 5.33+0.22 | 92.02+1.18| 6.36+0.08
Ungutted without CBC| 7.31+0.60 | 7.15+0.40 | 6.04+0.37 | 91.07+1.54| 6.48+0.08
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Appendix C: Scores of the attributegMean + SD) of QIM in different treatments on the
sampling days.

Lateral line| Loin Belly flap | Mucus Texture Odour
Day 2 | Reference 0.00+0.00 | 0.00+0.00 | 0.05+0.08 | 0.00+0.00 | 0.00+0.00 | 0.19+0.08
Day 6 | Gutted with CBC 0.17+0.14 | 0.25+0.22 | 0.58+0.36 | 0.13+0.13 | 0.134+0.13 | 0.13+0.13
Ungutted with CBC 0.17+0.19 | 0.17+0.07 | 0.33+0.07 | 0.08+0.07 | 0.08+0.14 | 0.25+0.13
Gutted without CBC 0.08+0.07 | 0.25+0.00 | 0.29+0.07 | 0.13+0.13 | 0.0440.07 | 0.13+0.13
Ungutted without CBC | 0.17+0.07 | 0.21+0.14 | 0.38+0.43 | 0.13+0.00 | 0.13+0.00 | 0.08+0.14
Day Gutted with CBC 0.39+0.29 | 0.50+0.17 | 0.42+0.14 | 0.3940.10 | 0.33+0.17 | 0.33+017
10 Ungutted with CBC 0.39+0.13 | 0.44+0.17 | 0.31+0.13 | 0.33+0.00 | 0.31+0.05 | 0.39+0.25
Gutted without CBC 0.50+0.00 | 0.50+0.22 | 0.17+0.17 | 0.31+0.17 | 0.28+0.10 | 0.36+0.21
Ungutted without CBC | 0.31+0.05 | 0.50+0.17 | 0.254+0.22 | 0.28+0.10 | 0.14+0.13 | 0.22+0.10
Day Gutted with CBC 0.67+0.06 | 0.93+0.12 | 0.80+0.20 | 0.20+0.00 | 0.70+0.17 | 0.63+0.29
14 Ungutted with CBC 0.57+0.21 | 0.73+0.12 | 0.67+0.15 | 0.10+0.10 | 0.534+0.12 | 0.73+0.35
Gutted without CBC 0.77+0.06 | 0.70+0.17 | 0.67+0.12 | 0.20+0.00 | 0.504+0.17 | 0.83+0.15
Ungutted withouCBC | 0.60+0.20 | 0.50+0.10 | 0.80+0.20 | 0.13+0.12 | 0.57+0.15 | 0.80+0.36
Day Gutted with CBC 1.39+0.25 | 1.06+0.10 | 1.1140.25 | 0.50+0.17 | 0.97+0.21 | 1.78+0.34
17 Ungutted with CBC 1.25+0.22 | 1.25+0.14 | 1.2240.38 | 0.61+0.10 | 0.92+0.08 | 2.31+0.32
Gutted without CBC 0.97+027 | 1.06+0.10 | 1.00+0.08 | 0.44+0.19 | 0.894+0.10 | 1.81+0.38
Ungutted without CBC | 0.78+0.10 | 0.89+0.25 | 0.83+0.17 | 0.39+0.10 | 0.72+0.10 | 2.03+0.10
Day Gutted with CBC 1.06+£0.10 | 1.11+0.48 | 0.94+0.27 | 0.39+0.10 | 0.78+0.10 | 2.44+0.25
20 Ungutted with CBC 1.17+0.00 | 0.97+013 | 1.064+0.19 | 0.53+0.05 | 1.11+0.10 | 2.39+0.19
Gutted without CBC 1.33+0.44 | 1.1940.13 | 1.004+0.22 | 0.56+0.19 | 0.81+0.27 | 2.39+0.38
Ungutted without CBC | 1.11+0.10 | 1.22+0.19 | 1.2240.10 | 0.61+0.19 | 0.83+0.17 | 2.47+0.21

Appendix D: Colour measurement results for thetreatments in the sampling days by
lightness (L), redness/greenness, yellowness/ blueness (Mean + SD).

Day Treatments Lateral line colour Boneside fillet colour
L a b L a b
Day 2 | Reference 33.12+0.37| 8.19+1.51 | 4.98+0.87| 46.08+0.82| -2.19+0.33 | 1.00+015
Day 6 | Gutted with CBC 33.27+1.44| 8.60+0.79 | 4.89+0.49| 44.20+1.99| -2.13+0.33 | 0.27+0.42
Ungutted with CBC 31.27+2.42| 10.42+1.10| 5.63+0.90| 45.33+1.22| -2.37+0.28 | 0.46+0.22
Gutted without CBC 32.07+£0.76| 9.72+0.64 | 4.96+0.23| 44.07+1.69| -2.14+0.30 | 0.06%0.20
Ungutted without CBC| 33.08%+4.44| 9.36+1.80 | 5.00£0.78| 45.80+2.24| -2.53+0.07 | 0.43+0.72
Day Gutted with CBC 31.23+£1.58| 10.08+1.59| 5.81+1.01| 43.71+2.79| -1.22+0.88 | -0.29+0.64
10 Ungutted with CBC 33.90+£1.39| 8.71+1.81 | 5.17+1.12| 43.48+1.12| -1.94+0.37 | 0.25+070
Gutted without CBC | 32.50+1.73| 8.92+3.07 | 5.13+1.48| 41.85+1.58| -1.39+0.48 | -0.22+0.59
Ungutted without CBC| 30.79+0.93| 10.73+1.02| 5.98+0.48| 44.96+2.94| -2.10+0.39 | 0.28+0.56
Day Gutted with CBC 34.34+£1.89| 8.76+0.57 | 4.60+0.60| 49.20+4.89| -2.09+0.49 | 1.13+1.41
14 Ungutted with CBC 31.75%£1.85| 8.87+0.64 | 4.28+0.31| 45.37+3.39| -1.75+0.39 | 0.49+0.44
Gutted without CBC 34.26+£1.28| 8.59+1.68 | 4.67+0.86| 44.44+0.94| -1.85+0.37 | 0.46%0.67
Ungutted without CBC| 34.07+2.90| 8.75+0.80 | 4.85+0.68| 44.21+0.54| -1.94+0.37 | -0.184#).26
Day Gutted with CBC 33.08+0.76| 6.95+0.27 | 5.69+0.29| 43.39+1.59| -1.91+0.48 | 0.38+0.93
17 Ungutted with CBC 32.54+£1.11| 8.09+2.16 | 5.65+0.51| 44.17+2.37| -2.04+0.30 | 0.45+0.84
Gutted without CBC | 35.49+0.98| 5.73+1.26 | 5.41+1.08| 42.44+1.83| -1.83+0.46 | 0.80+045
Ungutted without CBC| 32.79+£0.84| 9.52+2.42 | 5.96+1.24| 44.23+2.76| -2.15+0.43 | -0.23+£0.55
Day Gutted with CBC 32.13+£1.26| 9.22+1.84 | 6.69+0.28| 43.02+1.62| -2.09+1.15| -0.12+0.13
20 Ungutted with CBC 32.14+£1.75| 8.02+1.69 | 6.20+0.24| 39.38+5.52| -1.87+0.15| 0.1240.80
Gutted without CBC | 32.16+1.05| 8.47+0.72 | 6.80+0.35| 42.65+1.59| -2.29+0.68 | 0.39+0.70
Ungutted without CBC| 30.82+0.35| 11.65+2.63| 6.37+0.27| 41.36+1.40| -2.17+0.07 | -0.18+0.39
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