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ABSTRACT

This study was conducted to investigate the effect of differentsraficce on quality changes
and shelf life otold watershrimp Pardalus boreali¥ The samples were evaluated by sensory
assessmenthemical analysis and bacteriologiastt The samples &ur groyps without ice

ice andshrimpratio 1:1, ice andshrimpratio 1:3, and ce andshrimpratio 1:5 were stored in a
coolerat +0.5C for seven days intwofoam boxes. The temperature of the samples were
recorded by temperature loggers. The evaluation of the samples were done on 0, 3, 5 and 7
days of storageAll the quality parameter§VC, TVB-N, QI score graduallyncreasedwvith
progress of storage daggcept pHThe pH value of all the sampégoups slightly decreased
on 7" storage dayThe results of all the sampdeoups showed that there were no significance
(p<0.05) difference between the quality parameters layt ltlal a strong correlation between
TVB-N, TVC, QI scores and 6 producing bacteria with ovestorage days. All the
experimental results sggsted that the shelf life tie samplewithout ice was 0 dagndthe
sampleof ice and shrimp ratio 1:5 wasdays. Tle shelf life ofice andshrimp ratio 1:landice
shrimp ratio 1:3 samples weredays.Finally the result revealethat the ice extenddé shelf

life of shrimp and had direct effect orquality changesThe study concluded that the lmed
shrimp ratio 61:1 and 1:3verethe best ratio for shrimp storage to maintain qualiitg extend

of shelf life.
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1 INTRODUCTION
1.1 Background

Fisheries play an important rdta supplying animal protein, creating employment opportunity
and earning of foreign currenay BangladeshAfter independence in 197he aquaculture
sectorachieved remarkable progreS®otal fish production of the countmas 3.4 million
tonnesin 2013whereasn 1971total fish productiorwas 075 million tomes. Fisheries sector
contributedo 4.37% to the national GDP and 33% to the agricultural GDFFisheries sector
performs highest GDP growth rd®m the last 10 yearns comparison to other agricultural
sectors Average GDP growth rate dlis sector was 5.88% in28.The countryods
earnings fronfisheriessectors wa$35 million USD exporthg more than 8thousand tones
fish and fishery products that wesntributed abou2.01%of total foreign incomen 2013.
The fish and fishery products that wemepoted from the country for expoearning,shrimp
alone contrilnted 76% of totaincomein 20L3. Per capita fish consumptios 19 Ig per year
andfisheries sectors provides 6@¥iheanimalprotein More than 11% of the total population
is directly or indirectly involved in this sector for their livediods(DoF 2014)

The fisheries resoues of Bangladesh are highly diverse andligided in to two sectors,
capturefisheries and aquacultur€apturefisheries is further divided in tanland capture
fisheries and marine captufisheries.The aquaculture is further divided into fresh water
aquaculture and brackish water aquaculture. The brackish water is used for shrimpBuéure.

to overfishingof post larva absence of fisheries management and conservation measures,
implementation of flood cdrol and drainage projects, shrimppoductionin the open water,
particularly in the riversrad estuarieshas declined significantly during the last three decades
(DoF 2014)

Shrimp is & export oriented sect@f BangladeshThere are Z5million hectorsareaof fish
farms in Bangladeshhat aremostly locatedn south and south west coastal region of the
country According toDoF (2014) iishrimp production was 0.23 million toes from farm and
0.05 milliontonnes werecollected from sea by industrial and artisanal tr@s¥o of the culture
shrimpthat are produced from the shrimp farms are exported in the foreign codirBugs
Bangladesh has facedmeproblemson the issue of quality and food saferym the importes.

Most of thefarmers never use ice for preservthgir shrimp.Some big armerspreserve their
shrimp by using little amount of ice for overnigMost of them selthe shrimp to the near
depot ownersice is not generallysed at small depot$hey collectthe shrimp daily foall
the dayandsell it to the companyr big depd ownes at afternoon or evening. The shrisnp
thatare soldn the auction marketre mainly collectedywholesellersor the company agesit
They buythe shrimp from the market and preserve it on the concre dr in big bamboo
basket bycrushingblock ice.The company agentakemoretime for transporation ofshrimp
to the company The time mainly depend on distance and communicatio@uring
transportation 23% udeaditional bambodbaskets 2.5% usansulated Styrofoam b@&s and
rest of them usplastic basketand drumgAlam 2010)

Ice is a major elemerdf Bangladesh for preserving fishr a short timeMost of the ice
factories ardocatedbeside the highway ad or in the townwhere fish markets are alable.
There is no ice factory itocal area About 88%of fisherman, 77% fistof farmer, 27%of
retailer and 47%f fish vendors do not use ite keep theshrimp (Alam 2010) Among the
wholesalers otransporters, 12%seice-fish ratio d 1:1 and 44% use a ratio of 1Igost of
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wholesaérs,retailers and vendors use-figh ratio of 1:3 to 1:5 that is very negligibln case
of depots holder80% use a shrimp tace ratio of 1:1 and 10% of the depotldwrs or
transporters use a shrimpit¢e ratio of 5:1. Most of the depot holdarsebamboo baskets and
plastic drums with crushing block icé&slam 2010).

1.2 Rationale of the study

Cold water shrimgPandalus borealisis a species of caridean shrimp found in cold parts of
the Atlantic andPacific Oceanat the temperature of PAC. They live at the bottom of the sea

at the depth of 500m usually at muddy botta They grow very slowly. Th&AO (2012)
refers to them as theorthern prawnOthercommon namesf cold water shrimp arpink
shrimp, deep water prawn, desg@a prawn, great northern prawn and northern shrimp. They
are mainly distributed at New England, Canada, NewfoundlandadahrGreenland, Iceland,
Svalbard, Norway, and North Sea

Shrimp is a highly perishable product and its Slifelis greatly influenced bgnzymaticaction

and microbial changes. Due to small size,-pastein nitrogenous compound on shell and
presentof feed in gut, its postortem autolytic changescour faster and spoiled the flesh
rapidly (Shamshaet al. 1990) A lot of microbesarepresent on the external surfeaedin the

gut of the shrimp. After death of the shrimp the migrganisms and enzyes diffuse in to the
flesh and react with the bstance of the flesfi,ee and Um 1995)or extending thehef life,

the shrimp are storad ice on boad during fishing.lce and temperature has a great effect on
guality and shelf life of cold water shipmSo a comprehensive study is needed to identify the
shelf life and quality of shrimp athilled tempeaturewith different ratio of iceat different
storage day.

1.3 Objectivesof the study
The objectives of the study wetiee

(1) Find out an efficientatio of ice angshrimp for shrimp preservation.
(2) Find outthe effectof chilling temperature on shelf lifef shrimp.
(3) Determine the effect of ice auality parameterandshelf life of shrimp

2 LITERATURE REVIEW
2.1 Shrimp spoilage

Spoilag can ke defined asnundesirablehange irfoods due to a reason afygen, moisture,

light, microbial growth and temperature. Spoilage can be detected by smell, taste, touch or
sight.Fishgoesunder spoilage due to combined effects of microbes, chemicahagthatic

action (Huis and Veld 1996}hat is same in case of shrimpaccording toHayes (1985)
fiSpoilage can be defined as a change in fish or fish productsr¢hatsuitableand unsafe for
human consumptian

Sea foods are highly perishable due ghhinoisture content, available of nutriefdsgrowth
of microorganisms and low tolerance of temperatiB8poilagecan be easily identified by
observing the change of physical characteris@tgngs in colour,odour, texture, colour of
eyes,and colounf gills and softness of the muscle are some of the characterissieved in
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spoiled fish(Prabjietet al 1991) Colour, texture, odour and softness also indicate the quality
of shrimp.

2.1.1 Microbial Spoilage

Bacteriaare the main cause ftire spoilage of sea foodéShewan 1992)Whenshrimpsdie,
theyare primarily contaminated with a wide variety of m@rgansms These organisngrow
rapidlyin the foodto a higher number The spoilagef seafoochas occurred becausetbése
type of specific miasbial ommunity(Gramet al. 1996) Bacterial metabolisrproduces off
odours anaff-flavoursandthese areommon result of spoilage. There are fewrobialflora
participatesn the spoilaggCastell and Anderson 1948jh an anaerobic condition, specif
spoilage bacteriaShewunellu putrefuciens, Photobacterium phosphoreum, Vibrionaceae
produce offodours andoff-flavours by usingTrimethyl Amino Oxide TMAO) due b
formation of Trimethyl Amine(TMA) (Gramet al 1987)

Pseudomom® spare the mairspoilage bacteria that are availalole fish and shrim@and
perform same activities as spoil&iccording toGramet al, (1990)i ropical fresh water fish
that are preserved in icepoiled only bypseudomonas &p Pseudomonos spnd P.
putrefaciensalso are spoiler of marinetropical speciesstored in ice(Gram 1992) S
putrefacienscannot play important role for the spoilage of iceliresterspeciedn tropical
watersdue to occurrence of very low numbers andittability of the organism to compete
with high numbers ofrgagonistic pseudomonaisram1993)

2.1.2 Chemical spoilage

Generally shrimpscontainprotein fat, mineral carbohydrate andigh content of free amino
acid.Swant (2012) reported thatast of themarine fish species contdinmethylamine oxide
(TMAO). Speific spoilage bacteria produ@nmonia, biogenic amines, organic acids, and
sulphurcompounds from aciddiyypoxanthinefrom ATP and acetatefrom lactate.Spoilage
organisms produce off odowolatile base compounds from nitrogen campds. Fat oxidation

is a commorchemical action in fatty species anohtain a high level of polyunsaturated fatty
acids (PUFA) and enhance oxidative chan@sant 2012)

Chemical spoilage takes place in protaabohydrate and fat of themuscle butthe most
important chemidaspoilage processes takptace inthe lipid fractionby autcoxidation
process The first step of the oxidation process ledmishe productionof hydro-peroxides,
which are tasteless but can cause brown agltbw discolourationof the tissue. The
degradation of hydrperoxides gives rise to the formation of aldehydes and ketones. These
compoundshave a strong rancid flavaufactors such as heat, light, and several organic and
inorganic substances like copper or iron, can itgtendaccelerate oxidatiofHuss 1994)

2.1.3 Autolytic spoilageand fat oxidation

Enzymes arethe main cause of autolytic spoilagdigher enzymatic activitiesncrease
autolytic spoilage due to ionic strengtbing and freezing redudie autolytic and erymatic
activities. But feezingdamages cell membrane because water freezes out of the mussel that
improved access of enzymes to substrates. This increases drip, protein denaturation and
oxidation and affect texture, juicine$syvour andodourof the praucts(Huss1995)
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All aguatic specietavea naturaldefencemechanism in the living conditigfior this reason

enzymea and bacteria never cause any deteregathanges. Whe shrimp harvestthen
enzymainvolvein autolytic changesThebaderia that ee available oskin and gill invade in
themuscleand fleshloss its quality and freshness.c c or di ng t o heSishthatt ( 201
have high food intakecontain a large amount of digestive enzyiméigestive tractdegrade

quickly and poil easily. In the autolytic procesadenosine triphosphate (ATP) degrades to
adenosine diphosphate (ADP), adenosine monophosphate (AMP), inosine monophosphate
(IMP), Inosine (Ino) and hypoxanthine (Hxjhat areassociated #h bitter flavours .
Hypoxanthine ix) hasa characterized by undesirable, bitfivour, that isan indication of
spoilageproduct under chilled storagéluss1995)

The rapid post mortem changahancedipid oxidation and musclebecomesrery soft.The
rancid flavour, off odours ad discoburaion grows updue to fat oxidationFat oxidation
produces hydrgeroxide,which further degrades intaldehyde and ketones withtypical
rancidflavour (Swant 2012)

2.2 The relationship between spoilage and temperature

The goilage rate ofshrimp mainly dfected by temperaturg autolytic reaction, bacterial
activities and fat oxidation but temperaturas great effect than adther spoilage factors.
Higher temperature increas¢he higher rate of spoilagéemperature helps to increase the
bacterial actiities and autolytic reactiomat enhance the spoilaggacteria growwith certain
range of temperatur€or this reason psychotropic gram negative;siodped bacterisuch as
Pseudomonos, Moraxellu, Acinetobactere®anellu, Fluvobucterium, Vibmuceueand
Aeroemonaduceugrow dominantly of temperate water fisiithe bacteria on tropical fish
carries higher load of Grajpositive and enteric bactedae to high temperatueiston 1980)

At chilling temperatureShewanella putrefaciens, Photobacterium ggtmreum, Aeromonas
spp.andPseudomonasp. cause spoilagef seafood However at high storage temperatures
(15230°C), different species of Vibrionaceae, Enterobacteriaceae and -fsitive
organisms are responsible for spoil§Geamet al. 1987)

Different types of cooling agents and packaging metlikdgiry ice and ice packare using
to minimize effects of temperature fluctuatiofts transportation of sea foods by cargo
(Terchunianet al, 1990) The marine temperate water seafqmabduce off-odours and
flavours like roten eggs whereas tropical and frashter specieproduces fruitysulfhydryl
off-odouss and flavourgSantos 1978)

2.3 Shelf life of shrimp

Shdf life for fish and fishery products is very importdot processing and markag of the
products Gutting, bleeding, transport, handling and storage condition affects the shelf life of
fish but handling and storage conditions thee most important factors thatedtthe shelf life

of fish and fshery productéDoyle 1995)

Ice is preferreccooling agenfor preserving of fish on boardRapid cooling and maintain of
low temperaturés essential for sea foad obtain desire shelf life. Temperature fluctuatias

a considerable effeadbn quality and shelf life during processingprage and transportation
(Baoet al. 2007) If fish are left without ice for a few hours, their shelf life will decrease sharply
compare to the fish that are preserve in(J@nsen and Hansan 1973)
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The shelf life of shrimgPeneous monodpnrvhich wascadlected fran the farm and stored in
ice hadthe acceptable condition up to seven days. The samples which were collectdtefrom
depots and stored in ice hdtke acceptable condition for four day¢aideret al 2011) The
estimated shelf life of deep watehrimp(Pandalus borealjswas 6 daygMartinsdottiret al
2001) The shelf life oshrimp(Peneous merguien$ighich were harvested in Singapore and
stored in ice was four day¥amagata and Low 1995)

2.4 Methods of measuring spoila@

Different types danalyses such as sensory, chemical and bacteriological analysis have been
developed to measure the loss of fish freshness and detection of spddagarement of thes
compounds providan idea about the progress of deteriora{foonnel1975) The evéuation
methods that are cononly used for assessment sjjoilage can be classified into sensory
methods, microbiological methods, biochemical methods and physical méthmid 995)

2.4.1 Sensory evaluation

Sensory evaluatioms an important anéffective asessment method sea food industry to
assesdreshness and quali deterioration Sensory evaluation can be easily adopted at any
place without any equipment in fish processing such as landing centre, fish market, fish plant,
at the reception, or procgng halls of the fish factorigMartinsdottiret al. 2001)Products
pricedependon its feshness and quality. The figtat are harvested in the sea are brought on
shore at degnated sites for sale aade graded on different price groups based ofrésbness
using sensory analysf€hebet 2010)A well-equipped laboratory is needed for practicing the
chemical and microbiological test for assessment of quality and freshhessding to
Nielsen (2002jiQuality Index Method(QIM) are easier to usmmpare tather some sensory
methods like freshness scale and threshold mebhbdldsequipment is needed in this method
rather than human sess©n the other side limited training is needed to determine the accurate
results because all the quality parametee well definedWith the QIM, it iseasilypossible

to give more detailethformationof the sensory qualityrhe processors can use the QIMs to
estimate the shelffe and planof the production more efficienthQIM is easy to teach and
easy to undwstand for the inexperienced people to evaluate the@shlity Index increased
linearly with the storage time on the i¢®lartinsdottir et al 2001) QIMs have a good
advantage over other sensory methimigurchasing fisirom electric auction market3he
guality indexes can aldoe usedn the traceability, because such data can be apipligte
supplychainof the productso check the accuraciNielsen 2002)

2.4.2 Chemical evaluation

Chemical spoilage afan be measuddy assessing trimethylamin€NIA), total volatile bases
(TVB) and hypoxanthine contents of thegh. TMA is produced duringpoilage by bacterial
breakdown of trimethylamine oxide (TMAO) that maturally found irseafoodPedraso and
Regenstein 1990)ccording toHowgate (1982)iTMA level is all time lower at the early stage

of spoilage.tlis not consider for those specibat are stored less than 6 days in thé.idéow

a days TVBN is only measur for detection ofspoilage because TR content is an
alternative measuring of MA including ammonia, dimethylamine (DMA) an@MA.
Hypoxanthine can be formed by bacteria and autolytic decomposition of nucleotides but the
bacterial formation is higher than autolytic action. Total volatile base nitrogen-{)yB
biogenic amines, trimeytamine (TMA) and dimethylamine (DMA) are universally applicable
(Gill 1990). Measurement of Total volatile basic amines (TVB) is one of the quickest and most
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widely used tod in assessing thquality of seafood. TV includes the measurement of
trimethylamine (produced by spoilage bacteria), dimethylamine (produced by autolytic
enzymes during frozen storage), ammonia (produced by the deamination ofaamdmand
nucleotide catabolites) and other volatile basic nitrogenous compassasated with seadd
spoilage (Huss1995)

2.4.3 Microbiological evaluatio

Spoilage and @thogenic microorganisms arein probém for hygienic qualityTemperature

and high nutrient content dish assist them to grow amuscle. These microbes can easily
detect and measurey lusing totalviable count (TVQ. TVC and counts of b&-producing
bacteria can be used as one of the method of assessing fish freshness as well as to measure shelf
life. According toVyncke (1996)fthe method is quick and should be used routméiptal
Viable Counts (TVC) oiStandard Plate Count (SPC) methods are mainlysureacolony
forming unit (cfu/g in a products. All the samples are placed in specific incubation condition
for a definite temperature that are optimize temperaturedlturingof the microorganisms

for a definite timeThe temperature has a great influence on the plate for colony developing in
the sampleGenerally25C and 37C are recommended for psychrophilic bacteria fdrdays
incubation periodHuss1995)

3 MATERIALS AND MET HODS
3.1 Raw material and experimental design
3.1.1 Shrimp

Cold watemwholeshrimp wa collected from Kampisafjordur, Iceland on 2% January2015

The shrimp was receiveid Matis at 11:20 by a truck transpotivo days after harvesting
During transportatiothe sample was preserved with flake M#en the shrimp was received,
the ice was melted and the temperature of the sample @aBhe temperature of the sample
was recorded by an automatic thermomeigre TFX410 Ebro Electronic, Ingolstadt,
Germany. The shrimp was stored in styrofoam boxes and the size of the boxe38»26x14

cm. The syrofoam boxes werecollected from the company Promens Dalvik /Tempera, Iceland

3.1.2 TemperaturéMeasurements

The shrimp was immersed in flake ice and all the boxe® w®wred in a coolen Matis
laboratorywith a chilling temperature of 0. Sixteenthermometer loggers were used for the
temperature measurement in the boxes. Two thermometer loggers were used for each box for
measuring the product temperatuiée tanperature reading was taken from the loggers at the
end ofthe experimeniThe temperaturef the samplewas recorded &0 minutes interval.

3.1.3 Experimental groups anshmpling

The shrimp was randomly dded into four groups in eightygofoam boxes. Thehrimpand

the flake icewas measured by electric balan¢@p 00845, Kristinsson Hf, Langagerdi 7,
ReykjaviK at thelaboratory. Each box contad 2kg of shrimp. Theshrimp was arranged

the Styrofoam box by adding one layer of ice and one layer whghA thin layer(1 cm.)of

ice was kept in the bottom of every box. Then the Styrofoam box was filled up by using 2kg,
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0.667kg and 0.40 kgf ice. One group of samplevas stored without ice. The flake ice was
collected from the laboratory that wamdefrom portable water by using an automatic machine
(Scotsnan, Kaeltaekni, Raudagerdi 2H)5, Reykjavik, Iceland Temperature of theample
andcold chamber wasonitored. Theterage was done fordays.Theduplicatesamples were
submitted fomicrobiological, chencal, and sensory anaigon0, 3, 5, and 7of storage days.
All the samples were stored in the coaler5C. The experimental groups and sampling plan
are outlined in Table.1

Tablel: Experimental groups and samgiplans

Experimental groups Ratio of Ice Sampling Days Code
and shrimp

0 3 5 7
Shrimp without Ice (WI) - 1 1 1 1 WI (Shrimp without Ice)
Ice: shrimp (SIE) 11 1 1 1 SIE (Ice and shrimp ratio Equal)
Ice: shrimp (SIM) 1:3 1 1 1  SIM (Ice and stimp ratio Medium)
Ice: shrimp(SIL) 1:5 1 1 1 SIL (Ice and shrimp ratio Low)
Total 1 4 4 4

3.2 Sensory evaluation

A Quality Index Method (QIM)(Table 2)wasused to evaluate the quality of whole shrimp.
One samplérom each Styrofoam box waakenon days 0, 35, and 7days The samples were
keptin room temperature for 20 minutes befassessment. Three samples from each group
were taken but the panellists had no information about the samples w#rehaken from
same groupsThe samples werplaced in plastic platethencoded withrandomthree digit
numbes and randomly arranged on a table in sensory laboraitwy sample sizes were 10
shrimps per samplé:ive panelliss who hadknowledge abouthe quality of shrimp and the
characteristic ofensory attributesereselected for sensory evaluation

Table2: Quality Index method for deep water shrimp (Martinsdettial, 2001)

Quality parameter Description Score
Whole Dark in the head  None
shrimp Some (25%)
Many (5075%)
All (75-100%)
Colour Pink/Red
Pale pink
Yellowish
Yellow, green, grey wish, discoloration
Odour Fresh, Sea weedy
Faint odour, reminds of tar
Faint Amonia odour
Obvious ammonia odour, sour, putrid
Roe Roe colour Copper green
Discoloured faded
Dark

ONFPOWNRFPROWNREFPROWNEFLO

Quality Index
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3.3 Chemical evaluation
3.3.1 Protein measurement

Protein content of shrimp watetermined by Kjeldhal methd@O 5983 (1997)Two grams

of whole shrimpwas digested in17.5 m. concentrated sulphuriacid solution. A copper
catalyst(1000 kjeltabs C3.5)wasused to enhance the reactid\n excess sodium hydroxide
was added to the cottigest to liberee ammonia. The solution wataced in steam distillation
unit. Then the dation wastitrated withhydrochloricacid solution to colour metric drpoint.

The nitrogen content wasilculated from the amount of ammonia produced. The crude protein
content is obtained by multiplying the result by the conventional factor 6.25.

3.3.2 Ashmeasurement

Ash content wadetermined according toethod described b&OAC (1990)Official method
942.0 Twograms of whole shrimpwas takenn a crucibleand it was burnesh Muffle furnace
at 550°C temperature for fotmours. Water and othewolatile materials werevapaized and
organic substances weberned in the presence ofygenin air. Then the sample wasned
into white and free of carlmo The weight of the residubenwascalculated.

3.3.3 Fat measurement

Fat content of shrimp sample waetermined by the method cAOAC (1997)official Method

Ba-3-98.The test portion of 5 gf samplevaswrapped in a filter paper and 80.rof petroleum
ether was added with the sampl&e wrapped samplas placedn a Butt extraction tube
The sample wasdakd in anelectric hot plate anthe extractiorwas collectedn a beaker.
Then the petroleum eth&nom the extractiorwas evaporatedn a steam batirhe extracted
was weightednd thepercentage of fat content was calculated.

3.3.4 Moisture measurement

Watercontent of the sampleasdetermined according to the methamfdSO 6496 (199Q)The
test portion ob gof sample wasaken in a dish containing witliried silica. The sample was
mixed properly with silicand it washeated iran oven at 10322°C for 4hoursto get a constant
weight Thenthe sample was placeith a desiccatoto cool. After cooling the sample was
weighed again and the moister content of the sample was calculated.

3.3.5 TVBN measurement

Total Volatile Basic Nitrogen (TVBN), wasdeterminedby using steam distillatioKjeldhal
methodthat was described bvlalle and Tao (198760 g of whole shrimp samplevastaken

in a warringcommerciablender(Rp 00612, Kristinsson hfangagerdi7, Reykjavik)andthen
100 ml. of 7.5% aqueousrithloroaceic acid solution wasadded The mixture was
homogenizedh a laboratory homogenizer for one minatelthen filtered through #Whaman
no. 3filter paper numbeiThe filtrate of 25 mlwastransferred into a distillation flask followed
by addition of6 ml. 10% aqueousNaOH solution Steam distillatiorwas performed using a
vertical distillation unit(Struer TVN Distillery) TVBAN wascollected under a condenser in a
beaker containing solution of 10 ml of 4% boric acid @2 ml of methyl red and bromoaoé
greenindicators Steam distillation tdo place for 4 minuteantl final volume of 50 ml was
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obtained in the éaker The alkalised solution waken titrated witraqueous 0.0324ulphuric
acid solutionThe TVB-N content wagalculatedandexpressedi mgN/100g

3.3.6 pH measurement

The pH of the sample was determined by using a pH méteriho ScientificOrion star A111
Bench and stak121 portable pH meter, Germ3gny00 g of the shrimp sample was minaed
a laboratory blendeard the glass elecide was inserteth the minced sample for about 1
minute. The pH meter was calibrated before measuring thd gi¢ sample by using theH
4.0 and 7.0 buffer solution

3.4 Bacteriologicaltest

Total Viable Counts (TVC) and counts of$producing bacteriavere performed on Iron Agar
by the spreaglate methoanodified fromGramet al (1987) Twentygramsof shrimp sample
was taken and minced inbéender(warring commercial laboratory blender, USAhe mixer
was then diluted with 180 ml cooled maximum aeery diluent (mrd, oxoidi, UK and
homogenied in a stomachdragfor one minuteSerial 16fold dilutions were performed for
the 9 ml cooled MRDthat was prepared beforAfter completing the 10old method, the
solution of the iron agar plateasspreadproperly over the iron agar e plateandthen the
plates were incubated at C7for 5 daysThe spoilage bacteria were formed black colonies on
this medium. Total number of colonies were counted by colony co(f&r1, Labe line
digital colony courgr no. 1586) and calculated the totalable bacteria and #$ producing
bacteia by cfu/g

3.5 Data analysis

Microsoft excel programme wassed for data analysish& data of sensory scoaad other
guality parametersvere testedby using analysis of varime (ANOVA) to analyseif a
difference existed within a group and among groups during the storage time. Linear equation
and the correlation coefficients (R) of some indicators such as total volatile bases nitrogen
(TVB-N), Total Viable Counts (TVC), and pterecalculatedP value<0.06 was consided

as significantThe microbial results of the samples were converted to log value.

4 RESULTS
4.1 Temperature profile

The ambient teperature of eight Styrofoalmoxesfor four sample groupweremeasured by

using $xteen temperature loggers. The average of each sample group for each box was
calculated that are shown Figure 1. When the samples were storedtire cooler, he
temperature of W({Without ice) samplewas decrease very slowly but the temperature of
other samplesSIE (Ice and shrimp ratio 1:15IM (Ice and shrimp ratio 1:3nd SL (Ilce and

shrimp ratio 1:5weredecrease quickly due to iceThe WI sample reached at 0°C after 16
hours whereas SIE, SIM and SIL sample reached @t Within 2 hours. The anbient
temperature of WI sample was arourfeCOSIL sample wag 0.5°C, SIE and SIMsamples
were-1°C. The maximum, average and minimum temperaturdiftérent sampleroupsare

shown in the &ble3.
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Table3: Ambient temperature dafifferent

sample groups of Styrofodmxes

Paul

Sl Sample groups  Max. Temperature’C) Average Min. Temperature (°C
Temperature(€.+SD)
1 Wi 2.33 0.05+0.51 -0.85
2 SIE 0.30 -0.70+ 0.22 -1.01
3 SIM 0.53 -0.77+0.18 -1.0
4 SIL 1.93 -0.59+0.27 -.0.91
wi SiL
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days. Data shown is a mean value of two temperature data loggers positioned in two
Styrofoam boxes (mean temperature fluctuatibfoor sample groups)
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4.2 Basic Characteristics of the sample

After arrival of the shrimp in laboratory, the chemical compositiength and size of the
shrimps were measured. In case of chemical composition, the protein content was 15%, fat
content was B%, ash content was 4.7% and moisture content was 78dd#ionally total
volatile base nitrogen (TVMBI) and pH also determined and the reswitere14.97+0.38
mgN/100 g and 7.5 respectively. The mean length of shrimp was 8.95+0.57 cm and mean
weight ofthe shrimp was 4.3+0.91 g.

4.3 Sensory @aluation

After arrival of the sample, most of the panellists evaluated that 25% of the shrargodark

in head, colour of the shrimpgaspale pink, odour of the shrimpgere faint odouand roe
colour of the shmpswere discoloured fade@he average Quality Indérom the assessment

of the whole shrimp (Figue 2) indicated thatthe shrimp quality decreasedth lapse of
storage days. The QI seoof the sample without ic&as higherduring the storage days
compared to the sammawith ice and shrimp ratio 1:1, ice and shrimp ratio 1:3 and ice and
shrimp ratio 1:5The QI scoes for the sample grospf ice and shrimp ratio 1:3 and ice and
shrimp ratio 1:5verevery closeupto five storage dayand the QI valugwere 6 After lapsed

of five storage dayshe QI scoreof all sample groupsvereincreased rapidly. The sample
group of without iceexcee@dthe rejection level of QI value 6 (approximately) before 3 days
which were assumetiat the shrimps wespoiledon the & day. The sample group of ice and
shrimp ratio 1:5vas reached at the rejection QI value after 3 délge sample group of ice
and shrimp ratio 1:8xceed the acceptable QI value'&s®rage dawhereas the sample group
of ice and shrimp ratit:1 was very close to rejected QI value of 6. After 5 days of storage all
the sample lost their acceptance and reaokiedthe rejected QI value of 6.

The QI score of the whole shrimps were counted four attributes of appearance, colour, odour,
dark inhead and roe colour by five panellists on every sampling day. The quality and shelf life
of the shrimgwere assessed by using the mean QI scAtebe mean QI scores of 2 or above

for each parameter of each sample (WI, SIE, SIM, SIL), most of the ig@ellaluated the
spoilage of shrimp(Figure 3, Appendi?). The appearance of shrimp at different storage days
are shown irAppendix6.

Quality Index

12
10

QI score
O N M OO

0 1 2 3 4 5 6 7 8
Storage days

Wi SIE SIM SIL

Figure2: Quality Index (QIl) of the shrimp groups at different storage days. WithouwMbe (
Ice andshrimpratio= 1.1(SIE), te andshrimpratio = 1:3 (SIM), and Ice arghrimpratio =
1:5 (SIL).
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Figure3: Mean QI scores of odour, roe colour, dark in head and colour of shrimp with
different storage days (= 5 panellist receiving duplicate sample).

4.4 Chemical evaluation
44.1 TVBN

The initial TVB-N value of the sample was measured after the arrival of the samgpblde
TVB-N value was 15.24 my100 g which wagradually increaskwith the progress of storage
days (Figire 4). TVB-N value of the samplewithout ice was increased and reached at
31mgN/100g at the ¥ storage dayvhich was exceeded thgpper limit ofacceptable leved0
mgN/100 g The TVBN value of other sample group$ ice and shrimp ratio 1:1, ice and
shrimp ratio 1:3andice and shrimp ratio 1:&were beyond the rejection limif 80 mg\N/100g
but TVB-N value ofthese samples were very closéherejection limit at & storage dayOn
sampling days 5, TVEN valueof the sample groups without ice and ice and shrimp ratio 1:5
wereexceeeédthe acceptable limit and reached at 37 mgld.@dd 35ng/100 g respectivel
Thesample groups of ice and shpmatio 1:1 and ice and shrimp ratio W8reon the line of
acceptable limit and the T(Bl value were 30 ng/100 g and 29 nig/100 g respectively. On
7" sampling daythe T\B-N value of the sample group without itereased sharply and
reached at 71 niy100 g but TVBN value of other sample groupsio& and shrimp ratio 1:1,
ice and shrimp ratio 1:3, and ice and shrimp ratiariceeased slowl and the valugwere 37
mgN/100g, 44 mgN/10Qy and 47 mgN/10@ respectively. Th&VB-N value of thesample
ice and shrimp ratio 1:3yaslowestcomparé to other samples witlapse ofstorage days
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Figure4: Total Volatile basic Nitroge{iTVB-N) mgN/100g of the shrimp over storage gays.
Without Ice (WI), Ice and shrimp ratm 1:1(SIE) Ice and shrimp ratio = 1:3 (SIM), and Ice
and shrimp ratio = 1:5 (SIL)

4.4.2 pH

The pHvalue of the samplesasconductedvith the storage daythat is shown in Figuré.

The initial pH value of the shrimp isgle was 7.5 which was steadihcreasd with the lapse
of up to 5 storage daysit at 7" storage dayhe pH value of the samples wastightly dropped.
The pH value of all the sample groups welase t08.0 on 39 sampling days and ov&t03 at
5t sampling day. On the™sampling day, the pH valus the sample groupsithout ice ice
and shrimp ratio 1:1andice and shrimp ratio 1:®&erearound 7.9Qvhereas thelg value of
the sample grouge and shrimp ratio 1:as8.03.
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Figure5: Changes of pH values of samplesliffierent storage days. Without Ice (WI), Ice
and shrimp ratio = 1:1 (SIE), Ice and shrimp ratio = 1:3 (SIM), Ice and shrimp ratio = 1:5
(SIL).

4.5 Microbial evaluation
451 TVC

The microbiological analysis that were conducted in the samples at differenestiaragare
shown inFigure6. Total volatile count (TVC) of all the samplegreincreased gradually. The
microbiological growth rag of the sample without iagas faster than the other samples which
were stored with ice. After arrival of the sample theCTwWas measured and the value wasdog
5 cfu/g. The WC of the sample without ice wascreased tdogio 8 cfu/g at the end oft'7
sampling dayand the TVC of other samplése and shrimp ratio 1:8ndice and shrimp ratio
1:5werelogio7.6 cfu/g and logy7.7 cfu/g.TheTVC of thesampldce and shrimp ratio 1\as
the lowest at the end of thé"samplingdayand the value was lagf.4 cfu/g.TVC value of
ice and shrimp ratio 1:1, ice and shrimp ratiodn8ice and shrimp ratio 1were below log

7 upto 5 storage days where as TVC value ofdafinple was log 7.6.

UNU Fisheries Training Programme 21



Paul

TVC
9
8
o 7
b=
©6
(@)
o
-
5
4
3
0 1 2 3 4 5 6 7 8
Storage days
Wi SIE SIM SIL

Figure6: Total Viable Count cfg/g of shrimp at different storage days. Without Ice (WI), Ice
and shrimp ratio = 1:1 (SIE), Ice and shrimp ratio = 1:3 (SiM) Ice and shrimp ratio = 1:5
(SIL).

4.5.2 H2S producing bacteria

The result of HS producing bacteria (Spoilage bacteria) of different samples are shown in
Figure7. Initially the spoilage bactefiaount of the sample was lag.15 cfu/g. The numbers
of spilage bacteria count of all samples steadily increastdlapse of storage dayAfter
day 3 ofstorage thé&l>S producing bacteria of all the samples were very closenanesilt of

the samples without ic&ce and shrimp ratio 1;1ce and shrimp rat 1:5andice and shrimp
ratio 1:5 were logo 6.01cfu/g, logo 6.20 cful/g, locg 5.39 cfu/g and log 5.51cfu/g
respectively. The spoilage bacteraiunt of all the samples were graduatigreasd after 3

of starage days and the spoilage of samplewithout icewaslogio 6 that washigher than
other samplege and shrimp ratio 1:1, ice and shrimp ratio, Zx3dice and shrimp ratio 1:5
After 7 days of storage the-Bproducing bacteria counts of without isample was highest
and the value was leg/.7 cfu/g whereals>S producing bacteria counts of ice and shrimp ratio
1:1 sample was lowest and the value wasd@8 cfu/g.The HS producing bacterieount

of the sample ice and shrimp ratio &B8dice and shrimp ratio 1:Bere logo 7.4 at the T
storage day.
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Figure7: HoS producing bacteria cfu/g formation of shrimp at different storage days. Without
Ice (WI), Ice and shrimp ratio = 1:1 (SIE), Ice and shrimp ratio = 1:3 (SIM) and Ice and
shrimp ratio = 1:5 (SIL).

4.6 Shelf life of shrimp

When the samplevasreceived aD day inMatis it was two days oldThe assessmenf QI
scores for sensory evaluation, T\WBand pH value of chemical evaluation and TVC valfie o
microbiological evaluation wergiven a clear result abouhé shelf life with comparkto
acceptable levelThe shelf life of the samplgroups areshown in the able4. The yellow
colour indicated the acceptable level of quality parameters.

Table4: The results of quality indicators anldedf life of different sample groups.

Sample Quality Storage days Acceptable  Shelf life Comments
groups  parameters limit on shelf life
0 3 5 7 30 mg/100 g Wi= 0
wi TVB-N 1524 30.88  37.08 71.03 wi 3 days,
SIE 15.24 27.07 29.93 37.28 SIE 5
SIM 15.24 2815  29.39 43.10 siM 5  SIE= 5
SIL 15.24 28.84  35.10 47.08 SiL 3  days,
Wi pH 7.5 7.98 8.03 7.90 - Wi -
SIE 75 7.97 8.13 7..93 SIE - SIM= 5
SIM 7.5 7.93 8.12 7.92 SIM - days,
SIL 7.5 8.0 8.07 8.02 SIL -
Wi TVC log5 log6.5 log7.59 10g7.80 Logio7 wi 3  SIL= 3days
SIE log5 log6.5 log 6.73 log7.39 SIE 5
SIM log5 l0g6.19 10g6.82 log7.71 SIM 5
SIL log5 l0g6.19 10g6.82 log7.71 SIL 5
Wi Ql 3.17 6.56 7.83 10.53 6 Wi 0
SIE 3.17 5.87 6.27 8.37 SIE 3
SIM 3.17 5.43 5.83 9.60 SIM 5
SIL 3.17 5.70 7.77 9.30 SIL 3

(WI = Without ice, SIE = Ice and shrimp ratio 1:1, SIM = Ice and shrimp ratio 1:3, SIL = Ice
and shrimp ratio 16
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4.7 Correlation between indicators

The correlation coefficient of the quality paraiers TVBN, pH, TVC, spoilage bacteria,
sensory score were measured. The yellow colour highlighted the good corr@latian 5)

Table5: Correlation coefficient of quality indicators of different sample groups in different
storage days.

Parameters TVB-N pH TVC Spoilage bacteria  Sensory Score
TVB-N 1
pH -0.55621 1
TVC 0.943871 -0.58934 1
Spoilage bacteria 0.762578 -0.56747 0.933337 1
Sensory Score 0.728334 -0.87671 0.854715 0.892721253 1

5 DISCUSSION
5.1 Sensory evalation

The panellistobseved that the Quality Index (QFpr all parametersvas increased wh
progresof storage dayQuality Indexof the samples stored in igecreasedihearly with the
storage timéMartinsdottiret al. 2001).The QI sore for dark in head wabkighest an®l score

for roe colour wadowest with the lapse of storage dagothe quality of head lost faster.
According toRahmanet al (2001) i t han praven dodits quality faster than headles
prawn t hat a rTlee Qsscares ®thle samplewithouéicewas faster than other
sample group ate and shrimp ratio 1;1ce and shrimp ratio 1:8ndice and shrimp ratio 1:5
The sample groups afe and shrimp ratio 1:ndice and shrimp ratio 1 ®erelowest scores
that means higher quality and lower spoildigan other groups of sample without aedice

and shrimp ratio 1:fhroughout the 7 storage daf@gure?2). At the end of the7daythe QI
scoreswere reachedo the maximum valuef Quality Index This indcatedthat all the
panellists evaluatedll the samplegroups were totally spoileat 7" day. The result from the

QI scores (Figur®) showed thathe sample group®I score6) of ice and shrimp ratio 1:1
and ice and shrimp ratio 1k&dlonger shelf lifethanthe sample group without ice and ice and
shrimp ratio 1:5The shelf life of shrimpRandalus borealjsat sample groups of without ice,
ice and shrimp ratio 1:1, ice and shrimp ratio 1:3, and ice and shrimp ratieedeSvaried
considerably with sirage daysThe results of QI from the analysis of variance (ANOVA) of
four attributeqDark in head, odour, colour and roe coloafrjhe four sample groupsithout

ice, ice and shrimp ratio 1:1, ice and shrimp ratio 1:3, and ice and shrimp ratfo®es that
there were nagignificant different (p<0.059mong thattributes of other groups (Appendik).

The result of Quality Index (QI) from sensory evaluation for each group of sample showed that
the sensory scores of the sample increéisearly with the storage timer'he same mult was
found by (Qingzhu 2003)where he founda goodlinear correlation among the groupsf
different cooling techniquesThe linear equation and correlation coefficient of each sample
groupsare the mentioned ifTable6). These equatiomdicatedthat the shrimp sample stored
without icehad the highest spoilage rate (slope value is 1.01) andhithmp sample stored
with ice andshrimpratio 1:1 had the slowest spoilage rate (slope value is 0Qiagyzhu (2003)
reported thathe shrimp sample had lowest spoilage rate which was stored in liquid ice at the
temperature ofl.5C.
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Table6: Linear equation and correlation coefficient of different sample groups at different
storage days

Serial no. Samplegroup Linear equation Correlation coefficient
1 Without ice Y =1.01x +3.21 R?=0.99
2 Ice and shrimp ratio 1:1 Y =0.72x + 3.25 R?>=0.96
3 Ice and shrimp ratio 1:3 Y =0.84x + 2.85 R?=0.89
4 Ice and shrimp ratio 1:5 Y = 0.89x+ 3.15 R?>=0.99
52 TVB-N

Total volatile basic nitrogen (TVBI) was measured after arrival of the sample and the value
was 15.24 miy/100 g TVB-N valuewasincreased considdoby with the storage day§&igure

4). AccordingtoBaldan (1961)it he combi ned efprétencotheraifrogamgusl r o | y <
compound, autolytic enzymes and bacterial activities lead to increaséNTVB a | Regus 0 .
et al (2011)reportedhat the initial TVBN value of prawn was 10 mig100 g.Qingzhu (2003)
found TVB-N value33.5 mgN/100 @f whole rorthern shrimpat the beginmg of the storage

in ice. Initially the TVB-N value was high because the sample was two day3ldTVB-N
value of all the sample jumped into doubled Brs®rage day and then increased steadily. The
TVB-N value of all samies were around 30 Mg100 g. The TVBN value on & sampling

day wa 30 mgN/100 g for the sample ice and shrimp raticahdice and shrimp ratio 1:3.
The TVB-N value of ice and shrimp ratio 1samplewvas 35 mgN/100gndwithout ice sample
was37mgN/100 g. The increase of TV in shrimp stored in ice was slower than the sample
stored without ice due to restrained of the growtkpafilage bacteriéQingzhu 2003)Ali et

al. (2008)reported that the moderately acceptable limit of TN'Bor prawn was 330 * 0.44
mgN/100g and unacceptable limit of TVR for prawn was 39.55 + 0.47 mg/1§0The TVB

N values increased positively with the progress of storage days and after seven days-the TVB
N values were determined within the limit of 30 n@f}3 in ice sbred prawnRahmaret al
2001) At the end of 7 storage dayhe TVB-N valueof thesamplewithout icewas found the
highest andhe value was 71 nij100 g and theampleice and shrimp ratio 1:Was found
lowest and thevalue was 37.28 mg/100 g. &b the samples were completely spoiled at the
end of T storage dayYiu-fai, (2000) reportedthat the average T4l value of shrimp
(Peneous monodgmvas 51.6 mly/100g at odour rejection level.

5.3 pH

The study was conducted on the cold water shrimp andlipi of the sample was 7.Bhere
was a trend of increasimH with storage days up td"@layand the value was over 8.00t

on 7" storage dajt was slightly droppednd the valugwere around 7.9Figure5). pH value

of 7" daydeclined due to hydtysis of glyco@n to lactic acid because somwiethe ice was
melted in the Styrofoam boxekhough the lactic acid was noteasured in this studyhis is
supported byHaideret al (2011)where theyfound that the pH of the shrimp muscle dropped
due tohydrolysis of glycogen to lactic acitluss (1995) reported thateakdown of residual
glycogen via glycolysis to pyruvic acid and then lactic gooduction droppedf pH value
during storage day€)ingzhu (2003petermined thathe initial pH of cold weer shrimp was
7.41and it was steadilyncrease with storage dagsd after & storage dayhepH was 8.26
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5.4 Microbiological evaluation

The growth of HS producing bacteria and TVC gradually increased with progressrafie
dayswhich enhance thgpoilage rateThe initial measurement of the TVC angSHroducing
bacteria weréow and the value weilegi05 cfu/g and log4 cfu/g respectively. According to
Sveinsdottiret al ( 2 & e ipitialstage, the totabacterialcount is alwaysow due to
immune systenand prevents dbacterial growth in the flesiburing post rigor mortisethe
immune system collapd@nd the bacté that are present on the surfaoeade in the muscte
Begumet al (2011)reportedthat the initialTVC of prawn samig was 3.02x19cfu/g (logio

6.3) and at unacceptabtbe TVC value was 2.33x 46fu/g (logo 8.2). The TVC and HS
producing bacteria of threample groupvithout ice (WI) was higher than tsample groupsf

ice and shrimp ratio 1:1, ice and shrimpaéti3 and ice and shrimp ratio 1ith the lapse

of storagedays. It was happened becausestimaple groupf WI was stored without ice so the
cooling systenwasvery slow and temperature was high. The TVC apfd producing bactex
were lowest of the saple ice and shrimp ratio 1dueto well surroundedy high amount of

ice and maintain of low temperatuccording toCapellet al (1997)fthe accepted spoilage
level of a sample is lag7 cfu/go. The TVCsamplegroup ofwithout iceexceeded the spaije

level of logo7 cfu/gon 8" sampling dayhere as other sample exceeded the spoilage level at
theend of 7" storage dayThe microbial growth of the samples which were stored in ice were
delayed. In case of chilled fish total viable cauist not sceffective indicatofor quality and
shelf lifebut HS producing bacteria contributed important part in spoi(Bigesset al 1974)

5.5 Shelf life of shrimp

The present study obtaindaatthe shelf life of without ice sample was 4 days and ice and
shrimpratio 1:5sample was 5 day$he shelf life ofée and shrimp ratio 1:1 and ice and shrimp
ratio 1:3samplesvere 7 days which were more or less similar to the result obtaindditgr

et al (2011) They reported that the shriswwhich werecollected fom the farm and stodein

ice werethe acceptable condition up to seven days. The samples which were collected from
the depots and stored in ice wehe acceptable condition for four daygartinsdottiret al
(2001) reported thahe estimated €if life of deep water shrimp wdsdays The shelf life of
shrimp (Peneous merguiengighich were harvested in Singapore and stored in ice was four
days(Yamagata and Low 1995According toJensen and Hansan (1978) fish are left
without ice for a few hourgheir shelf life will decrease sharply compare to the fish that are
preserve in icg Higher temperature reduces the shelf life of the products but chilling extends
the shelf life of commoditieHuss1995)

5.6 Correlation

The pH, TVBN, TVC, H:S produang bacteria and sensory scores were used as quality
indicatos for the cold water shrimp. The correlation coefficient of themeded quality
parameters showetat there were a good correlation between the paran{éeke 5) The

TVC found excellent corelation with TVBN (R? = 0.94), spoilage bacteria{R 0.93),and
sensory scores R 0.85).The TVB-N hadgood correlation witlspoilage bacteria (R= 0.76)

and Sensory scores #R0.73)and sensory score had good correlation with spoilage bacteria
(R?=0.89). Accordingt. ut en and Mar fThem is d lmdar cornelatibpnlb&tvdedn) i
the sensory quality expressed as QI score and storage life on ice, which can help to make the
decision about the storage life ddHiiin ice. The pH values showikgood negative correlation
because at'7day the pH value slightly decrease whereas pH value gradually increaseéup to 5
storage day.
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6 CONCLUSION

The study revealethat thequality index, TVBN and TVC value increaseduring storage
days. Scchilling temperéure and the ice had direeffect on the quality and shelf life of the
shrimp.The sampl®f without icehad lost its quality fastemdhada shorter shelf lif¢han the
samples which were stored with icdue to the highest microbial contaminatamd TVB-N
value.H>S producing bacteria corfbated important part ispoilage. The shelf life afhe
sample ice and shrimp ratio lahdice and shrimp ratio 1:3 westmilar based on chemical
and microbial data due to rapid cooling and lower temperaflris indicatel that ice and
chilling temperature extends shelf life and delayed spoilage.

The studyclearly showed that there were no significance difference between the groups of
sample with lapse of storage days but the quality pararoét®t, TVB-N, TVC and HS
producing bacteriad a strong liner correlation.

Based on this study we can recommendedtiieate and shrimpatioof 1:1andice and shrimp
ratio 1:3 at chilling temperatureverethe best ratio to extend shelf life and maintain quaift
shrimp Ice andshrimp ratio 1:3 will be efficient anchore practicalbecause it will saveost
of ice andgive facilities of morespaceor shrimp preservation in box or board.
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Appendix1: Analysis of variance
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1. ANOVA analysis for HS producing bacte of shrimp at different storage days

Anova
SUMMARY
Groups Count Sum Average Variance

Column 1 4 25.25019 6.312549  2.626551
Column 2 4 24.05279 6.013196 1.672876
Column 3 4 23.28813 5.822032  1.878767
Column 4 4 23.48494 5.871234  1.919515
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups 0.584095 3 0.194698  0.096174 0.960672 3.490295
Within Groups 24.29313 12 2.024427
Total 24.87722 15

2. ANOVA analysis for Total Volatile CourfTVC) of shrimp at different storage days

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Column 1 4 27.08866 6.772165  1.865573
Column 2 4 25.54794 6.386985  1.009236
Column 3 4 25.37627 6.344066  1.204744
Column 4 4 25.73144 6.432861  1.301594
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 0.45859 3 0.152863  0.113629 0.950437 3.490295
Within Groups 16.14344 12 1.345287
Total 16.60203 15
3. ANOVA analysis for pHbf shimp at different storage days.
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
Column 1 5 39.36 7.872 0.04487
Column 2 5 39.39 7.878 0.04787
Column 3 5 39.375 7.875  0.046263
Column 4 5 39.56 7.912 0.05817
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ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 0.005224 3 0.001741  0.035324 0.990756 3.238872
Within Groups 0.78869 16 0.049293
Total 0.793914 19
4. ANOVA analysis for TVBN for shrimp of different storage days
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
Column 1 4 154.24 38.56 553.0682
Column 2 4 109.535 27.38375 84.03654
Column 3 4 116.305 29.07625 133.931
Column 4 4 126.275 31.56875 175.7687
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 290.319 3 96.773 0.408841 0.74954 3.490295
Within Groups 2840.413 12 236.7011
Total 3130.732 15
5. ANOVA analysis for odouof QI of shrimp at different storage days
Anova: Sngle Factor
SUMMARY
Groups Count Sum Average Variance
Column 1 4 6.97 1.7425 0.786492
Column 2 4 5.77 1.4425 0.421825
Column 3 4 6.1 1.525 1.002433
Column 4 4 6.07 1.5175 0.473158
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 0.200419 3 0.066806 0.099566  0.958726 3.490295
Within Groups 8.051725 12 0.670977
Total 8.252144 15
6. ANOVA analysis for colouof QI of shrimp at different storage days
Anova: Single Factor
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SUMMARY
Groups Count Sum Average Variance
Column 1 4 7.56 1.89 0.4558
Column 2 4 6.56 1.64 0.172467
Column 3 4 6.53 1.6325 0.202225
Column 4 4 7.07 1.7675 0.297492
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 0.17835 3 0.05945 0.210819 0.886969 3.490295
Within Groups 3.38395 12 0.281996
Total 3.5623 15
7. ANOVA analysis for dark in heaaf shrimp at different storage days
Anova: Single Factor
SUMMARY
Groups Court Sum Average Variance
Column 1 4 9.26 2.315 0.870967
Column 2 4 7.83 1.9575 0.610492
Column 3 4 7.89 1.9725 0.729225
Column 4 4 8.7 2.175 0.8097
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 0.35325 3 0.11775 0.15594  0.923837 3.490295
Within Groups 9.06115 12 0.755096
Total 9.4144 15
8. ANOVA analysis for Roe colowf shrimp at different storage days.
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
Column 1 4 3.53 0.8825 0.181092
Column 2 4 3.71 0.9275 0.179225
Column 3 4 3.53 0.8825 0.181092
Column 4 4 4.1 1.025 0.308367
ANOVA
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Source of
Variation SS df MS F P-value F crit
Between Groups  0.054169 3 0.018056  0.084993  0.966928 3.490295
Within Groups 2.549325 12 0.212444
Total 2.603494 15
9. ANOVA analysis for averag®I factorsfor four sample groups
SUMMARY
Groups Count Sum Average Variance
Column 1 4 27.08866 6.772165 1.865573
Column 2 4 25.54794 6.386985 1.009236
Column 3 4 25.37627 6.344066 1.204744
Column 4 4 25.73144 6.432861 1.301594
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 0.45859 3 0.152863 0.113629  0.950437 3.490295
Within Groups 16.14344 12 1.345287
Total 16.60203 15
Appendix 2: Averagesensory evaluation dataof different storage days.
10. Sensory evaluation Parameters for the sample groups
Dark in head
Storage Days WI SIE SIM SIL
0 0.93 0.93 0.93 0.93
3 2.6 2 1.83 2.13
5 2.8 2.07 2.13 2.67
7 2.93 2.83 3 2.97
Colour
Storage Days Wi SIE SIM SIL
0 1.1 1.1 1.1 1.1
3 1.73 1.53 1.6 1.57
5 2 1.93 1.63 2.07
7 2.73 2 2.2 2.33
Odour
Storage Days Wi SIE SIM SIL
0 0.97 0.77 0.77 0.77
3 1.17 1.37 1.2 1.17
5 1.9 1.3 1.13 1.8
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7 2.93 2.33 3 2.33
Roe Colour
Storage Days Wi SIC SIMC SILC
0 0.37 0.37 0.37 0.37
3 0.8 0.97 0.8 0.83
5 0.96 0.97 0.96 1.23
7 1.4 1.4 1.4 1.67
11. Average QI scores for four sample groups
Storage dys Total QI

Wi SIE SIM SIL

0 3.17 3.17 3.17 3.17

3 6.57 5.87 5.43 5.7

5 7.87 6.27 5.83 7.77

7 10.53 8.57 9.6 9.3

Appendix 3: Chemical evaluation data

12: pH measurement of the four sample groups with different sampling days

Storage Days Wi SIE SIM SIL
0 7.50 7.50 7.50 7.50
3 7.98 7.97 7.93 8.00
5 8.03 8.13 8.12 8.07
7 7.90 7.93 7.92 8.02

13. TVB-N measurement of the four sample groups with different sampling days

Storage days Wi SIE SIM SIL
0 15 15 15 15
3 31 27 28 29
5 37 30 29 35
7 71 37 44 47

Appendix 4: Microbiological evaluation data

14. Microbiological result of the four sample groups with different sampling days

TVC (cfu/g)

Storage days wi SIE SIM SIL

0 100 10 10 100

3 2.7x10¢ 3.15x106 1.1x16 1.55x16
5 3.95x10 4.5x16¢ 2.7x16 2.7x10¢
7 1.15x168 2.5x10 3.95x10 5.15x10

H2S producing bacteria

0 1.4x10 1.x1¢ 1.4x10¢ 1.4x10¢
3 1.02x1G6 1.6x10 2.45x10 3.2x10
5 2.45x10 4.15x16 2.55x16 2.65x10
7 5.05x10 1.21x10 2.2x10 2.55x10
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Appendix 5: Linear Regression equation for Quality Index for sensory evaluation

3 Colour
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Figure 1: QI for Colour, dark in head, odour and Roe colour of shrimp with storage of all

sample groups
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Appendix 6: Appearance of shrimp sample at different storage days.
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SIM

SIE

Figure3: Appearance of shrimp sample groups st@ae3rd day. Without Ice (WI), Ice and
shrimp ratio = 1:5 (SIL), Ice and shrimp ratio = 1:3 (SIM), Ice and shrimp ratio = 1:1 (SIE)
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Figure4: Appearance ashrimp sample groups stored at 5th day. Without Ice (WI1), Ice and
shrimp ratio = 1:5 (SIL), Ice and shrimp ratio = 1:3 (SIM), Ice and shrimp ratio = 1:1 (SIE)
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Wi SIL

SIM SIE
Figure5: Appearance of shrimp sample groups stored at 7th day. Without Ice (WI), Ice and

shrimp ratio = 1:5 (SIL), Ice and shrimp ratio = 1:3, (SIM) and Ice and shrimp ratio = 1:1
(SIE).
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