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Abstract: Studies were conducted on the post-mortem changes in genetically improved farmed tilapia [Oreochromis
nifoticus) during ice storage. Fish sample kept at room temperature, rigor started 1 hr. after spiking. reached full rigor
{100%]) within 3 hr which continued for 3 hr. . In ice stored fish, rigor started within one hour and attained full rigor
{100%]) within 2 hr that continued for 16 hrs. The pH of the muscle was about 7 immediately after catch and started
to decrease gradually with the lapse of storage period. But the decrement of pH in samples stored at room temperature
was much rapid than those stored in ice. Organoleptically the fish were in acceptable conditions for 16 days. The initial
TVB-N and peroxide values were 5.3 mg/100g of fish and 5 meq/kg of fish respectively. These values gradually
increased with the lapse of storage time but remained within the recommended limit up to 16 days. Ca’* ATPase
activities in presence of 0. TM KCI and 0.5 M KCI were 0.349 and 0.139 ymol.pi/min. mg, respectively, and decreased
gradually with storage period. Mg?* ATPase activities in presence and absence of Ca®* were 0.418 and 0.183
pmol.pi/min. mg respectively. The myofibrillar solubility decreased gradually from around 85.33% to 38.6% at the end
of the 16 days of ice storage. The bacterial loads in muscle of ice stored GIFT varied from 7.6 x 10°to 7.1 x 10° cfu/g
at 2™ day of storage and then gradually increased with storage period. At the end of the 18 days of ice storage,
bacterial load increased to 4.6 x 10° cfu/g and at this stage the fish were organoleptically in acceptable condition. After

18 days of storage the bacterial load was 3.8 x 107 cfu/g that exceeded the acceptable recommended limit.
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Introduction

Genetically Improved Farmed Tilapia (GIFT) {Oreochromis
niloticus) is a high yielding variety and very delicious fish,
resulted from genetic development of tilapia. The preduction
of GIFT is about 50% more than tilapia and there is a great
potential of developing various valuable products from GIFT.
The quality of fish is influenced by a number of factors of
which the most important one is the post-mortem changes and
development of rigor-mortis scon after death. There are three
stages of rigor mortis: pre-rigor, in-rigor, and post-rigor. The
time involved in each stage of development, duration and
subsequent resolution of rigor mortis depends on many factors
such as species, physical condition, size of the fish, the degree
of exhaustion before death, catching method, the amount of
post-harvest handling and the temperature at which it is kept.
It is generally accepted that the longer the duration of rigor,
the longer is the shelf life of fish. Thus a prolongation of rigor
mortis period, consequently, is of great economic importance.
The state of rigor in association with other biochemical
changes influence the meat quality of fish and higher animals
{Penny, 1967). The progress of rigor-mortis in association with
ATP depletion and lactate accumulation is dependent on
temperature and varies from species to species. It is generally
accepted that lovw temperature delays the onset of rigor-mortis
but several tropical fish species, such as tilapia, red sea bream
and plaice are reported to have a shortened pre-rigor period
when stored at 0"C (lwamoto ef al, 1988, lwamoto and
Yamanaka, 198 6).

Considerable information is available on the keeping qualities
of most of the species from temperate region but the scientific
and practical knowledge is wvery limited on commercially
important tropical fish species. An essential pre-requisite for
designing in infrastructure for fish handling, storage, transport
and marketing is to know howv long each particular species in
the catch will keep edible condition under various storage
conditions.

Very fewr studies have been conducted on the post-mortem
changes of freshwater fish in storage condition in contrast to
the lot of information that is available for marine fish species.

Materials and Methods

Fish sample: Live specimens were obtained from pond of BFRI,
Freshwater Station, Mymensingh and wvere transported to the
Department of Fisheries Technelogy, Faculty of Fisheries,
Mymensingh. For rigor mortis study, three live specimens
{total length 10-20 cmj wvere selected randemly and after
cranial spiking, the fish vwere stored in ice in an insulated box
{1:1}). The box had a number of holes at the bottom to drain
out the melted water. The samples vvere obtained with time
interval for organcleptic and biochemical assessment.

Determination of rigor index: “Rigor index” of the fish was
measured according to the method described by Bito et al.
{1983) and used as a parameter of rigor tension. At selected
time intervals, rigor index was calculated by the following
formula:

Rigor index (%) = --------m---mm- x 100

Where D, and D represent the distances of the base of caudal
fin from horizontal line of the table at the start of the
experiment and at subsequent storage period respectively.

Organoleptic quality assessment: Sensory methods were used
to assess the degree of freshness based on organoleptic
characteristics such as odour, colour, general appearance,
eyes, slime and consistency of flesh. These characteristics
were judged by panel members and the changes in quality of
chilled fish during storage wwere assessed at every alternate
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day.  The grading of fish wwas done using score on the
characteristics, fellowing EC freshness grade for fisherny
products with slight modification (Hewegate st al, 1282) to
judge the guality of fish (Table 14 and B

pH measurement: Twwo grams of fish muscles were
homogenized with 10 ml distilled weater in awarring blender
and the pH wwas measured using a pH meter (Corning Model
280].

Total wolatile base nitroegen (TWB-N] Determination: Total
wolatile base nitrogen (TWEB-N] was determined according to
the standard methods described by EC (1535).

Method for peroxide value estimation: The peroxide value was
determined according to the method of Lima dos Santos et al.
[(1981).

Mvohbril preparation and ATPase assay: Mycfibrils wwere
prepared from ordinary muscles immediately after excision
according to Perry and Grey [1258], with slight modification.
Ca®*- ATPase activity in presence of 010 and 0.5 M KCIl and
Mg2*-ATPase activity in presence of Ca®*and absence of
Ca®*[EGTA) weere assayed according to the standard method.

Mvohfbrllar protein solubility: Twwo ml of  mofibrillar
suspension (Brmg/mll was homegenized weith 2 ml of T KCI
plus 100 mi phosphate buffer (pH 7.0) using a homogenizer.
The homogenate was alowed to stand at refrigerated
temperature (4 °C) overnight. The suspension wwas centrifuged
for 30 min at 400 x g in a refrigerated centrifuge. The protein
in supematant vwas determined by the Biuret method (Gonnall
et al, 1945,

Aerchic plate count {APC) of the ice stored SIS samples:
About 10-15 g of whole fish samples wwere blended wwith
appropriate volurme of 0.2% peptone weater in wwarning blender
for fewy minutes until a homogenous slurry is prepared. Total
aerchic plate count (APC) expressed as colony forming units
per gram of shrimp muscle (cfufgl of the representative
samples wwere determined by standard plate count methods on
plate count agar (Hi-media, Indial.

Results and Discussion

Rigor-index of GIFT stored in ice (0 °C) and at room
temperature are showwn in Fig. 1 and Z, respectively. Fish
sample kept at room temperature, started riger, 1 hr after
spiking and it reached full rigor [100%]) within 3 hr. The state
of full riger continued for 3 hr and then started to relax from
rigor. Almost complete relaxation was occurred within 16 hr.
after death. In ice-stored fish, rigor started in tilapia within one
hour. Rigor increased gradually with the lapse of storage time.
The fish sample attained full rigor [100%] within 2 hours and
the state of full rigor continued for 18 hours and then started
to relax from rigor. Fifty-percent relaxation wvwas found at 88
hours after death and almost complete relaxation, at 102 hr
after death without showing army sign of spoilage. The values
of standard errors for this study weere in the range of 082 to
3.85 during riger mortis progress. The results obtained in
present study are in agreement with some previous reports
wvhich stated that several fish species such as tilapia, red sea
brearm and plaice had short pre rigor periods, when stored in
ice (0 °C) (Poulter er &, 1981; hvamoto and Yammanaka,
1888], although it is guite knowen that the progress of rigor
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Fig. 1: Rigor-mortis progress in Tilapia during ice storage
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Fig. 2:  Rigor-mortis progress in Tilapia stored at room
termperature (25°C)
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Fig. 3: Changes in pH and solubility during ice storage in

Telapia

mortis is influenced by warious factors such as species, size,
catching method, handling of the fish and storage
termperature. A small range of wariation in rigor mortis
progress, duration and relaxation from rigor wwas observed
wwithin the same species of GIFT.

The results of the organcleptic guality assessment of GIFT
during ice storage in an insulated box are presented in Table
2. The guality of fishwvas graded using the score from 1-B. On
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Fig. & Changes in bacterial and coliferm leads during ice

storage in Telapia.

the basis of the scores the fish wwere found in acceptable
conditions for 18 days in ice storage. During this period,
changes in quality can roughly be divided into 4 phases
corresponding to Oto 4, Bto B, Bto12and 13 to 18 days in
ice. Little or no changes occurred in phase 1 without loss of
natural flavour and odour but in phase 2 there wvas little

Table 14: Grading of fresh fish.

Grade Points Degree of freshness
A =2 Excellent/Acceptable
B <2t b GoodiAcceptable

o 5] BadRejected

deterioration without showing definite signs of spoilage and
off-flavour. There weere signs of early speilage with slight off-
flawour in phase 3 andin phase 4 the fish begins to taste stale,
its appearance and texture begins to showe signs of spoilage
and moderate sour odour in gills and body cavity. The results
cbtained in present study are in agreement with those
reported for Indian major carps and other commercial fish
species where the fish samples were found in acceptable
conditions for 2-3 wweeks (Bandyopadhvyay er &l 1988; Kamal
et al., 1894; Faruk, 1955).

The pH of the muscle was about 7, immediately after catch.
It started to decrease gradually with the lapse of storage
period regardless the storage temperature (0°C or 25°C) but
the decrement in samples stored at room temperature was
much rapid than those stored in ice [Fig. 3). The ultimate pHs
wwere B.B8 and 5.B8 for the samples stored at room
termperature and ice, respectively after 18 hr of storage. It can
be concluded that when rigor sets quickly and its duration is
shorter, pH walues decline much faster than that of rigor
develops slowdly and last longer. Studies vwere also conducted
on the changes in solubility during ice storage. As shown in
Fig. 3, the solubility decreased gradually from around 85.33%
to 38.8% at the end of 18 days of ice storage. The result is
in agresment with that reported by Seki gt & (187890 for carp
wwhere myofibrillar solubility decreased from 85 to 20% during
2 to 3 days of ice storage.

The results of TWB-M (mg/100g) and peroxide walue Im.egfg
of cill are presented in Fig. 4. The initial TWB-N values were
5.3 mg/100g, which gradually increased wvith the lapse of
storage period. At the end of 18 days of ice storage TWB-N
walues increased to 28.4 mg/1 00g, which is within the range
of recommended values of 25 to 30 mg TWB-N/1 00g for fresh
fish. Howvwewar, at the end of 18 days, the TWB-N walues were
35.2 mg/100g, that exceeded the recommended walues
[Connell, 1980). The increaze in TWB-M with the lapse of
storage may be attributed to bacterial spoilage.

The initial peroxide walues wwere belowe & m.egl/kg of oil, which
increased gradually with the lapse of storage period. At the
end of 18 days of storage, the peroxide walues were 19.2
m.eqg/ky of oil which wweas within recommended wvalues of 10-
20 m.endky of il as suggested by Connell (1380). At the end
of 18 days of storage, the peroxide values were 41 m.eg/kg
of oil that exceeded the recommended values.

Changes in ATPase activity of myofibrillar protein of GIFT
during 18 days of ice storage at 0 °C wwere examined (Fig. Bl
Different curves wwere obtained for different ATPase assays
which all changed ceontinucushy with storage period. Ca®*
ATPase activities in presence of O.1M KCI were 0.349
wmal.pifmin. mg which wwere more or less stable up to first 4
days of storage and then gradually decreased with storage
period. After 18 days of storage, the ATPase activity in
presence of 0.1 KCI declined to 0,183 gmol.pi/min. mg. The
initial Ca’* ATPase activities in presence of 0.5 M KCI was
0.138 gymol.pi/min mg, which gradually decreased to 0.078
wrncl.pifmin. mg, at the end of 18 days of storage. Howwever,
the large fall of myofibrillar Ca?* ATPase activities during ice
storage indicated denaturation of ruscle protein. Mgt
ATPase activities in presence and absence of Ca®* [EGTA)
weere 0418 and 0183 umol.pi/min. mg respectivaly. The
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Table 1B: Determination of defsct points

Characteristics of whole fish Defect characteristics Defect points Grade
QOdour of neck a) Matural odour 2 Acceptable
when broken b} Faint or Sour odour 5 Rejected
Odour of gills ajMNatural odour 1 Excellent
b)Faint sour odour 2 Acceptable
c)Slight moderate sour odour 3 Acceptable
diModerate to strong sour odour 5 Rejected
Colour of gills a)Slight pinkish red 1 Excellent
b)Pinkish red or browwmnish red, some 2 Acceptable
clmucus may be present
diBrowwn or gray colour covered with mucus 3 Acceptable
e)Bleached; thick vellow slime 3] Fejected
General sppearance ajFull bloom; bright; shining; iridescent 1 Excellent
b)Slight dullness and loss of bloom 2 Acceptable
ciDefinite dullness and loss of bloom 3 Acceptable
d)Reddish lateral line; dull; no bloom 3] Fejected
Eve a)Bulging with protruding less; transparent eye cap 1 Excellent
b)Slight clouding of lens and sunken 2 Acceptable
c)Dull, sunken, cloudy 3 Acceptable
diSunken eye covered with vellow slime 5 Rejected
Consistency of flesh a)Firm and =lastic 1 Excellent
b)Moderately soft and some loss of elasticity 2 Acceptable
c)Some softening 3 Acceptable
d)Limp and floppy 5 Fejected

Table 2: Changes in organoleptic qualities of GIFT during ice storage in an insulated box

Diays of storage Organoleptic qualities Defsct points  Grade Orverall quslities

o} Fresh, bright appearance, soft and firm texture with 125 A Excellent
characteristics of natural fishy odour

4 A decrease in the brightness; slightly softer texture, 21 5] Acceptable
natural fishy odour

5] Some loss in brightness; slight loss of the natural flavour 2.3 B Acceptable
some slime in surface

12 Slimy surface and soft texturs; considerable loss of 28 B Acceptable
flenour odour

14 Soft texture and slime on surface; moderate loss of 3.5 B Acceptable
flavour and odour

16 Fish has dull appearance with blood In the limit and slime on 4.4 B Acceptable
surface; texture begin to show obvious signs of spoilage

18 The fish is putrid by all of the characteristics 5.0 C Rejected

activities almost remain unchanged during first 4 days of ice
storage and then increased gradually with the increase in
storage period. Seki et al (1979) reported that carp
myofibrillar Ca®** and Mg®* ATPase activities decreased
gradually with the exception that EGTA modified Mg** ATPase
activity increased during 16 days of ice storage. Seki et al
{1980) reported that sardine myofibrillar EDT A-ATPase activity
had lost about 70% activity in 1 day storage in ice.

The results of the study on total bacterial load in muscle {with
skin) of tilapia during ice storage are shown in Fig. 6. The
bacterial loads in muscle of ice stored GIFT was initially 7.6 x
10° cfu/g which slightly decreased to 7.1 x 10° cfu/g at 2*¢
day of storage and then gradually increased with storage
period. At the end of 16 days of ice storage, bacterial load
increased to 4.6 x 10° cfu/g and at this stage the fish were
organoleptically in acceptable condition. After 18 days of
storage the bacterial load was 3.8 x 10° cfu/g which exceeded
the acceptable recommended limit. During the whole peried of
study very fewr coliforms were detected in fish samples. The
initial decrease in bacterial population in fish muscle after the
first day of storage might be due to some sorts of cold shock
or leaching of surface flora by vwashing with melted ice. This
is in agreement with those reported for some ice stored fresh

wvater fish (Bandyopadhyan et at., 1985).

In cenclusion the results of the above studies revealed that the
duration of rigor-mortis vwas faster at room temperature than
that in ice. The pH of muscle of GIFT was about 7
immediately after catch which decreased gradually with the
lapse of storage period regardless the storage temperature
{0°C or 25°C) but the decrement in samples stored at room
temperature was much rapid than those stored in ice. Freshly
caught GIFT was found in acceptable condition up to 16 days
in ice storage in an insulated box by deteriming crganoleptic,
TVB-N, peroxide values and bacterial loads. There vas a large
fall of ATPase activities and solubility of myofibrillar proteins
during 16 days of ice storage, which indicated denaturation of
muscle protein.
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