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ABSTRACT

The effect of 1icing and frozen storage on the chemica:
composition, free fatty acids (FFA) content, thiobarbituric acig
(TBA) value, peroxide value (PV), protein fractions and protein
electrophoretic patterns of Egyptisn eels and cat-fish muscles were
investigated. Changes in texture and cooking drip value in relation
to other quality characteristics affecting the consumer
acceptabil ity were evaluated.

The results indicated that the effect of forzen storage on the
chemical composition of both fish species was less pronounced than
icing. Myofibrillar proteins constituted the major fraction in both
fish species followed by sarcoplasmic ones. A noticeable decrease
in these two main protein fractions took place upon icing and
freezing. However, the amount of non protein nftrogen and stroma
and denatured proteins were increased. The changes in protein
electrophoretic patterns after seven days of icing were more
obvious than eight months frozen storage for both fish species.

Gradual and continuous increase of Levels of FFA, PV, TBA and
COV was found by increecing the duration of cold storage. The
changes in texture anu other organoleptic properties affecting the
quality of stored fish Werz subjectively studied.

INTRODUCTION

Fish constitute an important source of high quality
protein. Eels and cat fish are among of the most popular
fish for the Egyptian consumer which served in several
delicious dishes. Under cold storage conditions, three types
of changes may take place, leading to undesirable changes in
fish quality. These changes are due to microbial action,
changes to the action of endogeneous enzymes and chemical or
physical actions (Connell and Howgate, 1968). However, the

extent of deterioration was found to be affected by many
other factors such as fish type, species, chenical
comp051t10n, season of harvest, handling procedures, and
storage time and conditions (Dyer et al., 1950; Lee and
Dawson, 1973; Josephson et al., 1985 and Hsien and
Regenstein, 1989). Dyer (1951) found that the gradual
development of toughness, which characterize the prolonged



cold storage of fish meat was related mainly to the
denaturation of actomyosin. Connell (1960) and Connell and
Howgate (1968) concluded that cod actomyosin becane
insoluble after eight months storage at -14°C. Ragnarsson
and Regenstein (1989) stated that the frozen storage caused
textural changes which often decrease the water retention of
muscle  proteins. They algso found that most of the
electrophoretic studies on fish muscle proteins after frozen
storage did not show any major differences among the muscle
proteins, except a general loss of solubility.

Besides, hydrelytic and oxidative rancidity of lipid
components were developed in frozen storage, which in turn
caused an objectional changes at prolonged fish flavour,
especially after cooking (Aman and Smirnova, 1970 a & b).
Although, the extent of deterioration occurred in many fish
species had been reported in numerous studies, no data are
available about the effect of icing and frozen storage on
the chemical and other gquality characteristics of eels
(Anguilla anguilla) and cat-fish (Clarias lazira). Hence,
the present investigation was undertaken to study the effect
of cold storage conditions on the changes of the gross
chemical conmposition, stability and other guality
characteristics of Egyptian eels and cat~-fish.

MATERIALS AND METHGCDS

Live eels and cat-fish ranging from 500 to 750 g were
obtained from Lake Edku, EL~Behera Governorate, Egypt. The
fish samples were immediately transferred alive into thae
laboratorx after which they were killed. Fish belonging to
each species was divided into two parts. The first part was
individually placed in perforated wooden boxes as a whole
fish and mixed with crushed ice and kept at room temperature
( 25°C) for seven days. The melted ice was thoarcughly
compensated when neccessary. The second part was separat:ly
packed in polyethylene bags and kept in deep freezer at
-18°C and RH 90%, for eight months. Representative fish
samples were regularly withdrawn either from the crushed ice
daily or from the deep freezer bimonthly. Samples for
chemical analysis were first deheaded, eviscerated,
filleted, skinned and minced in Braun blendor for 30 second.
The experiments were carried out daily and montly on iceqd
and frozen stored samples, respectively.

1~ Proximate Chemical Composition and Rancidity:

Moisture and crude protein contents were determined
according to the AOAC method (Anon, 1980). Total 1ipids were
determined by the method of Folch et al. (1957). Free fatty
acids (FFA) expressed as oleic acid was measured as
described by Kwon and Rhee (1986). Thiobarbituric acid value
(TBA) was determined according to Yu and Sinnhuber (1967)
and reported as mg malonaldehyde per Kg flesh. Peroxida
value (PV) was determined by the AOAC method and expressed
as milliequivalent of peroxide per Kg oil.
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2- Determination of Protein Fractions:

The method outlined by Aman (1983) was followed for
fractionating the muscle proteins by solubility.
sarcoplasmic proteins were extracted from the minced fish
meat using cold (49C) phoshpate buffer of pH 7.5 and ionic
strength 0.05. Myofibrillar proteins were extr?ctgd from the
residue using phosphate buffer of pH 7.2 and ionic strength
of 0.5. The residue containing the denatured and stroma

roteins were calculated by differences. The total nitrogen
in each fraction was determined by the Micro-kjeldahl method
as described by Anon. (1980).

3- Polyacrylamide Gel Electrophoresis (PAGE)

a- Sample preparation: The defatted samples were mixed with
distilled water (1:5, w/v) and shaken for one hour. After
centrifugation (500 g), the supernatant (water soluble
proteins) was used directly for electrophoresis.

b~ Gel preparation: Discontinuous (disc.) PAGE technique
was used in which gel with 1 mm thickness was poured between
two glass plates using the "bag technique". After pouring
the separating gel (15% polyacrylamide in Tris~HCl buffer pH
8.8), the stacking gel (5% polyacrylamide in Tris-HCl buffer
pH 6.3) was poured and the comb was inserted. 3

c- klectrophoresis: Electrophoresis was performed
vertically in the apparatus POOMA-PHOR (Labor Muller, D-3540
Hann Munden-West German{) with Tris-borate buffer pH 8.3.
Other experimental conditions concerning gel polymerization,
running conditions, staiaing and destalning steps were given
in the instruction lakoratory manual by Stegemann et al.
(1987).

4— Determination of Coc¢iing Drip Value (CDV):

The method described by Xrivchenia and Fennema (1988)
with minor modifications was followed. Minced fish meat
samples (25 g each) were placed in 50 ml centrifugal tube
and immersed 1n water bath (70°C) for 30 minutes. The tubes
were centrifuged for 10 minutes (500 g) and the drained drip
after removal of the fat layer was weilighed. The CDV values
were calculated as follow:

% CDV = Welght of drained fluid/weight of sample x 100
§~ Sensory Evaluation

Samples to be evaluated were first filleted and cooked
for 20 mins. in aluminum foil trays at 250°C in a gas

stove. The cogked samples were served warm and judged by ten
panalists using 5 points descriptive scale. A score 5

109




donated excellent texture comparing to the fresh fish. Score
2.5 means acceptable and below 2.5 indicated that toughness
or rancid flavour was pronounced (Kramer and Twigg, 1962).

RESULTS AND DISCUSSION

1- Changes in Chemical Composition

qres in moisture, crude protein and total lipids
conggigg of both iced and frozen .eels and 9at—flshtfée§h
throughout the cold storage pgrlqu are 111ustratffiég
Tables 1 and 2. 'These results 1nq1cated that the ca i
flesh contained higher levels of moisture and crude pro n
of total 1lipids than eels. Table 1 shows

put lower amount . C
positive relationship between the moisture content of fish

i.ci i ici time, the
camplos and the icing time. The longer the 1icing 2,
higger the moisture content, Gradual daily 1increase in the

Table 1
Charyys 1n the prunisute chemicsl cupustion, oretsin froctions,
covking &1 ip values and eaveruge Lesture score guring sterage of cat-{fish
wird ells with cruched ice. .

Yroxinule compunitive (i) Kitruyen Y. ui total nitrogen

{cing Congrtr de

o _ . . Averaye 3

(ways) huteture  Crude”  Total® H H L+ St NON cov texture

Protein Lipius X sCUr @

Cet-tish
0 78.7 8.9 6.7 283 36.7 14.2 18.3 16,0 5.0
i .7 85.9 6.8 27.4 37.1 16.4 18.7 16.0 4.5
2 78.9 84.7 8.7 26.5 35.6 19.9 18.0 17.5 4.2
3 Tyt 86.6 6.8 25.9 34.7 20.1 19.3 LS 4.2
4 79.5 86.4 6.3 24.6 322 2.4 20.6 19.0 3e
S a0.4 86.5 6.2 22.1 32.6 23.9 2.4 19.0 3
[ 81.7 86.4 6.2 19.3 31.3 26.0 23.4 20.0 2.4
7 81.5 86.4 6.1 16.8 1.0 _T.7 26.5 20.0 1.9

Eels
0 59.9 62.9 31.6 2.7 37.2 20.1 16.5 1.0 5.0
1 60.3 52.9 31.4 261 35.6 25.1 17.2 12.3 4.8
2 460.8 62.9 3.4 25.8 3.4 211 18.2 12.5 4.5
3 40.7 62.7 3y.2 2.4 32.3 ?6.0 20.3 1.6 4.0
4 61.5 62.8 31.2 ¢d.o 30.2 24.8 20.4 15.0 3.7
5 62.1 62.7 311 8.7 28.3 31.6 21.4 17.0 3.2
[ 62.5 82.5 i 15.8 25.4 32.7 2.1 17.5 2.3
7 62.9 62.4 310 15.9 28.0 34.3 21.8 18.0 2.0

a) On dry weight basis, § = Sarcoplasmic protein.

M = Myofibrillac protein. NPH = Hon-protein nitragen,

D + 5T. = Strom and denatured proteins,
# Calculated by difference.
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Table 2
Changes in the proximate chemical conpostion, grotein fructiuns,
cooking drip values and aversge texture npcore Juring frozon sturage
of cet-fish end ells with crushed {ce. )

Proximate Composition (X) Nitrogenous compounds
{X of tota! nitrogen)

frozen Averoge
Storage Moisture crude®  Total® 5 N D« St' NPK cov texture
time Protein lipide 3 score
{months)
Cat-fish

0 78.7 8.0 4.7 28.8 8.7 1.2 18.3 16.0 5.0

2 78.1 86.7 6.7 25.8 30.7 23.4 20.1 20.0 3.8

4 77.8 84.6 6.7 23.3 20.3 341 22.3 22.5 3.0

é 77.2 86.7 6.5 24.1 14.5 37.14 24.3 24.0 2.5

8 76.8 86.5 6.4 24.0 37.9 5.9 26.0 2.
Eels :

0 59.9 31.6 62.9 28.7 3.7 20.1 16.5% 11.0 5.0

2 59.7 31.6 62.7 25.3 30.6 25.5 17.6 12.5 [

4 59.6 1.4 62.5 4.2 25.0 32.5 18.3 16.5 3.5

6 59.4 31.5 62.4 221 17.7 40.5 19.9 24.5 3.0

8 59.0 31.3 62.1 21.7 16.3 41.8 20.2 26.0 2.3
@#) On dry weight basis, $ *® Sarcoplasimic protein.
M = Nyofibrillar protein. NPN = Non protein nitrogen.

D ¢ 5t. = Densturad + Stroma proteing.
# Cotculated by difference.

moisture content was obsesved for both species. However, a
slight decrease in crude protein and total 1lipids was
noticed for both fish species upon icing. Changes in the
proximate chemical composition due to the frozen storage of
both examined fish speries were less pronounced than icing.
Upong freezing, eels and cat-fish lost 0.9 and 2.1%
moisture, respectively. This was associated with a slight
increase in both of the crude protein and total lipids after
eight months frozen storage.

2~ Changes in Protein Fractions:

Results in Table 1 also show that the initial values of
protein fractions in fresh cat-fish muscles were slightly
higher than that recorded for eels flesh, except for stroma
and denaturated proteins. The high amount of stroma "and
denatured proteins in eel nmuscles may be due to the effect
of prolonged frozen storage leading to a more denaturation
as reported by Klng et al.(1962) and Aman and Smirnova,
(1970 a & b). Myofibrillar protein constituted the major

111



fraction in both fish species followed by the sarcoplasmic
ones. As the icing storage time increased, a noticeable and
sharg decrease in the amounts of sarcoplasmic and
myofibrillar protein fractions occurred. This was associated
with parallel increase in non protein nitrogen and stroma
and denatured proteins.

Table 2 shows that the decline in myofibrillar protein
fraction was much greater than sarcoplasmic and other
proteins are considered more 1liable under frozen storage
conditions. These results are in agreement with the findings
of Love (1958) and Awad et al. (1969).

3- Changes in Cooking Drip Value (CDV):

The CDV values for fresh eels and cat-fish were 11 and
16% respectively (Table 1). Both species exhibited
continuous and gradual incraase in CDV values, from 16 up to
20% and from 11 up to 18% after seven days of icing for
cat-fish and eels, respectively. The percentages of CDV
values were similar (26%) for both fish species after eight
months frozen storage but higher than those obtained after
icin?. This may indicate that the ability of proteins to
retain wvater is decreased after frozen storage. -

4~ Changes in Texture

Scores for Textural changes of cooked fish meat presented
in Table 1 show that changes in fish texture %took place and
increased by dincreasin the icing periods for both fish
species. Eels and cat-fgsh showved unacceptable texture after
five duys of icing. Marked deterioration in fish texture of
both species were observed after six months frozen storage
(Table 2). Similar results were obtained by Awad et al.,
(1969) who reported that the CLV of white fish incveesed
from 24 up to 48% after four months storage at -10°C. rhey
also found a linear relationship between pretein
extractability and textural changes of cold stored white
fish.

5- Changes in The Protein Electrophoretic Patterns:

Changes in the electrophoretic patterns of water solible
proteins of eels and cat-fish muscles during icing-and
frozen storage are shown in Fig. 1. Fish samples were
removed either from ice at intervals of ¢, 1, 3, 5 and 7
days or from the sharp freezer at 0, 2, 4, 6 and 8 months.
The resolved protein banding patterns of fresh eel muscles
contained a characteristic strong and sharp band which
appeared in the upper part of the gel (i.e. high melecular
weight) - which degraded into small number of faint bands
after seven days of icing Fig. 1A). Similarly, a dark and
sharp band in the same region of the gel which is clearly
appeared in the fresh cat-fish completely became weak by
increasing the icing. This was associated by the appearance
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buffer pH 8.3 for 4 hours, 400 volts and 75 mA at 4°C.
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of new bands at the lower part of the gel.

Oon the other hand, <changes occurred in the water-soluble
protein electrophoretic patterns of both species after eight
months frozen storage at -18°C were not obvious as in case
of seven days icing. These changes were restricted to the
band intensity and sharpness but not in their number or
their travelled distance (Fig. 1B).

Little work was found in the literature on the changes in
the protein electrophoretic patterns of these Egyptian fish
specles due to icing or frozen storage.

6~ Changes in FFA, PV, TBA and Fish Flavour:

The percentages of free fatty acids of iced and frozen
eels and cat-fish are illustrated in Fig. 2 A & B. Values
obtained for either iced or frozen eels are always higher
than the corresponding amounts of iced and frozen cat-fish
since the maximum amount of FFA was found in eel muscles
after six months of frozen storage followed by five days
icing. Deng (1978) stated that the longer period of icing
storage of fish might prolong the activity of 1lipases and
phospholipases and subsequently increase the free fatty acid
production. He also reported that the di.lferences in ratios
of unsaturated to saturated 1lipids, phospholipids to
triglycerides and the activities of the lipolytic enzymes
could be the reason for the different amounts and rate of
FFA production between fish species. The present results are
in good accordance with those reported by Deng (1978). o
However the FFA values reported by Aman and Shehata (1978)
for frozen Russian cat~fish were higher than that shown in
Fig. 2 B. :

Peroxide values showed also gradual increase with the
time of cold storage for both fish species being lower .a
iced fish than the frozen ones (Fig. 2 A, B). The maximun
values were obtained after seven days of icing for both
species. Eels had higher PV after six months storage at
-18°C than those obtained for cat-fish after 8 months.
Mc-Donald et al., (1979) stated that microsomes of both
light and dark muscles of lean and fatty fish contained

enzymes catalyzing 1lipid peroxidation. These enzymes may
also contributed to the oxidative deterioration of frozen
fish. TBA test is widely used as a good indicator for

developing rancid fish flavour during the cold storage.
Data illustrated in Fig. 2-A & B can clearly indicate that
both of icing and freezing storage conditions caused
continuous and gradual increase in TBA values of eels and
cat-fish,. Eels had higher TBA values than cat-fish. Also,
frozen fish contained higher TBA values than iced ones.
However, the panalists were unable to detect any changes in
fish flavour below seven mg malonaldehyde per kg of flesh.
These findings are important from the technological point of
view, suggesting that the minimum threshold value for iced
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and frozen stored eels and cat-fish occurred after 6 days of
icing or 6 months of freezing. Mendenhall (1972) and Deng
et al., (1977) reported that the threshold value of mullet
occurred at a leveg from 4 to 6 mg malonaldehyde per kg
flesh.
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