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CHAPTER - 6




STUDIES ON NUTRITIONAL VARIATIONS AND BIOCHEMICAL
CHANGES DURING STORAGE UNDER VARIOUS CONDITIONS

INTRODUCTION

Fish is the main source of animal protein té the
common man in Asia, Fish is also rich in fat, micro-
nutrients and Vitamin contents. In comparison to other
animal food materials fish is cheaper, abundantly

available throughout the year.

According to Kandorsn (1979) food material gets
spoiled on storage and the type of spoilage depends
on the composition, structures, types of micro-orga-
nisoms involved and the cgnditions of storage. Tﬁe
principal causes of spoilage in fish are the growth of
micro-organisoms involved and the conditions of sto-
rage. The principal causes of spoilage in fish are
the growth of micro~6rganisoms, the action of natura=-
11y occuring enzymes in the fishes, cheﬁicai;;;gékibns
physical degradation and desication. The basic purpose
of all fish preservation is to prevent to above type
of spoilage and make the fish available at distant
locations in acceptable condition. Storage at low-
temperature has some adverse effect on many biological

or indirectly for nearly all the undesirable side
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effects of low temperature of storage.

Freezing increases toughness and changes in
physical quzslities, The intrinsic quality is inherent
in the materials and relates to species, size, sex
and biochemical composition etc. Extrinsic quality is
the sum of effects of all the treatments fish receives
after catch till they reach consumer (Mzthen, 1979).
Various experiments were planned to study such effects,
under experimental conditions for varied length of

storage period.

Initially protein, lipid and moisture content
has been estimated in different enatomical regions.
biochemical quality analyses of salt-treated and un-
treated fatty fish has been made. Loss of protein
solubiiity, total volat%le nitrogen trimethyl¢ amine
contents of fishes stored at different temperatures
for varied period has been estimated to find out rate
of spoilage. Experimental conditions were determined
at different length of storage period by using diffe-

rent soaking media.

Variations of protein, lipid and moisture
contents in different anatomical portions of edible
muscle tissues bf marine and inland fishes were
determined. Studies on the influence of temperature on

the keeping qualities were made.



Hess (1932) reported that the lowering of the
temperatures becomes more effective in retarding
bacterial decomposition. Experiment on the handling
and storage of summer herring showed that tehperature
was the ﬁost important factor influencing preservation
(Rea .y and She wan, 1953). In herring kept without ice
at 10°C to 15°C, the production of trimethylgamine,
starting with about 91 mg. TMA-N per 100 ml of fish
flesh was between 20-40 mg by the end of second day
of storage. Sigurdsson  (1947) reported short rise
in TMA after only one day at 10°C. Castell and Mac-
Caiium (1950) stored fresh market cod and determined
the keeping time. They also found that a reduction in
storage temperature of 3 degrees immediately above
freezing adds proportionally far more to the keeping
timé than a greater reduction at a higher temperature.
Thne decrease in temperature doubled t@e keeping time
as judged by the development of TMA. Similar results
were obtained by Dyer and Dyer (1949). They also
observed that fillets cut from fish still in regior
became unacceptable~aftér 3 days of storage at 5°C
and after 8 days at 0°C. Slow spoilage takes place in

case during freezing (Anonymous, 1961).

¢

Deterﬁorative changes could be accurately and
quantitatively -measured throughout thekcourse. The |

literature dealing with subjective grading of fish

121



: | ' 122

provides a variety of systems for observing and
recor&ing the visible changes that takes place in the
fish as they deteriorate. Fazzina (1958) attempted to
corrglate the fish quality with the post-mortem changes
occuring in the fish. Shewan et al, (1953) and Soudan
gz_gi (1956) gives an account of the appearence of the

exterior of the fish as well as the odour flavour and

texture of the muscles.

Various physical changes occur during spoilage
and odour develops in the gills and gut during the
. time of spoilage. It'was found that odour was very
‘useful in detefmining the quality of the fish. There'
are many obJective methods for assessing the quaiity
of fish muscles. Total volatile nitrogen, trimeihylé
amine contents have given satisfactory results. Tri-
methyle¢ amine and volatile nitrogen content determi-
nation was choosén for.this work because of the long
expériences we have had with it. It has proved to be

satisfactory as a measure of spoilage.

The quality of the fish as indicated bylthe
panel of gpadefes is correlated with the THA values.
A comparison‘was made using two different samples.
The first set of experiment consisted of thé nutri-
tional quality and second set of experiment with
dried soaked samples. TMA value might be used as an

objective measurement of quality of dressed or gutted



fish, Fatty fishes show marked differences in fat
content according to vafious factors such as the age
and size of the fish and the season of the year in
which the fish was caught. As fish spoils various phy =

sical changes becomes apparent (Keywood, 1957):

Fat hydrolysis is also considerable and the
increases in the acid value of fat represents another
possible measures of the degree of spoilage (Sigurdson,
1947)., A maximum acid value of 2.75 has been proposed
for the grading of cenned herrings (Charnley and Dévies,
1944), Fresh water fish quality can also be assessed
from fat rancidity values. In fresh water fish, volatile
bases formed consist almost entirely of ammonia. Deter-
mination of the TVB is usually of little use for frozen
fish but fat rancidity values are sometimes of value
is assessing the quality of frozen fatty fish. The
spoilage process aré controlled by means of pH. A
through knowledge of'the degrzdation product of amines
Iacidwas well as the processes governing their asppea-

rence seems most desirable.

Impurities in the salt used in salt-curing
appear to accelerszte the oxidative deterioration of
0ils in fish flesh. The salt appears to act as a
heterogenous castalyst of oxidation. In order to

reduce the eccessibility of oxygen fish must be
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completely covered by the brine (Borgstrom, 1965). The
peroxi@e value of the oil present in the fish incregse
more {apidly. The acidity of the fish increase 'rapidly
with the duration of storage whereas the value of extra-
cted 0il scarcely changes (Hasﬁimato et a1, 1946); when
they are stored at room temperature. The oils in the
flesh undergo repid deterioration. The degree of change
in the quality increases with the duration of storage
(Lassen et al., 1951). In the refrigeration storage
of fish the rate of deterioration of the oil decreases
roughly with decreasing éemperature. The oxidative
deterioration of the oils proceeds at a some what

greater rate than in the whole herrings (Banks, 1952).

Salt removes water from the fish body by osmosis.
When the concentrations of salt within the fish is the
same as that of brine in which the'fish is inversed.
If salting is heavy, the exterior will be leathery,
while:the interior will remain soft and flabby. Bad
grade of salt retard penetration of the sslt and also
-cauée darkening of colour of the fishes. Micro-orga-
nisms sometimes develop on salted fish giving it a
red color. These'organisms come from the habitat of
the fish. Mendelsohn (1974) reviewed the various rapid
saltiﬁg techniques for fish. In order to examine the
effect of various processing parameters on the quality

composition and storsge life of salted fish products

R}



125

experiments were planned.

The results of experiments regarding the bio-
chemical quality changes and distribution of nutritive
substances of fishes were subjected to statistical -
analyses which may be represented by a linesr regre-
ssion equation, This findings of each set of experi-

ments are shown in graphs.
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MATERIALS AND METHODS

MATERIALS

Organoleptically fresh fish were procured from
local market for the investigstion. Average medium size
fish species were collected and brought to the labora-
tory. The fish samples were washed with for removal of
the adhering slime, blood etc., After washing the fish
samples were cut into pieces (average thickness 2-3 cm
in length) and kept in the refrigerator at 0°C, =-10°C
and 8°C temperatures. The whole fish samples were also
kept at above mentioned lower temperatures for various
experiments. Fish samples were taken out at different

time intervals.

For nutritive quality studiesindifferent anatomical
portions were chosen as follows : Dorsal=1 and Ventral-1
(Just posterior of the head region). Dorsal-2 and
Ventrzl-2 (Middle of the fish body), Dorsal-3 and
Ventral-3 (Jjust anterior of the tail region) muscle
pleces were separated by sharp knife and proverly washed
for the removal of micro-organisms and adhering blood,
viscera etc. Muscle tissue of particular portion were
throughly macerated by mortar-pestle and bones were

separated from the macerated muscle tissues.

For comparison of the nutritive values of
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different anatomical portions and whole body fish
samples a separate test was carried out. Fish tissues
were collected from different portions mentioned above
were throughly macersted for the preparation of whole
body fish sampies. About twenty marine, estuarine and
- fresh water fish species were used for the present

experiment. i

Nutritive qualities were estimated at the time
of purchase of the fresh fish before storzge. The
results of nutritive values are expressed as follows:
The total protein contents as mg/100 gm of fish flesh.
Total 1lipid contents mg/100 gm of fish flesh and moi-

sture contents in terms of percentage.

PREPARATION OF FREEZING STORAGE DEHYDRATED FISH
MUSCLE

‘The fish samples were collected from different
storage temperature at different length of storage
period. Then the samples were dried in open sun for
three days. After drying the fish samples were w;;:
pped in polythene and kept at room temperature. Now
these samples were scaked in different soaking media
in beaker. At different time intervals, the samples
were taken out for determination of the reabsorption
cepacity of dehydrated fish muscle. Precautions

were taken to prevent contamination.
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PREPARATION COF THE SAMPLES

\ Average, medium sized fresh iced hilsa were
procured from local market. For the experiment, fish
samples were cut into 2-3 cm thick small pieces. The
samples were properly washed with tap water. After
washing, about sixty pieces of sémples were‘mixed with
1:1 fish-salt ratio, another sixty pieces were mixed
with 1:2 fish-salt ratio and remaining sixty pieces
were kept as control, Common salt (Nacl) was used for
this purpose. All the samples were kept in glass Jjar
and stored at room temperature + 30°C, pH values, total
volatile nitrogen, trimethyl¢ amine and iodine values

were determined.

PREPARATION OF REHYDRATED SAMPLES

Fresh hilsa fish miscles were separated into
ventral and dorsal portions and were kept at 8°C and ‘
0°C temperatures for 1, 3, 5, 7, 9, 11 and 13 days of
storage. Only tap water was used as a soaking media
for this set of experiment. After definite period of
storage the individual portions were soaked in tap
water (pH 7.0) for 24, 48 and 72 hours to determine
the rehydration rstio and rehydration percentage of

ventral and dorsal muscles.

Fresh dorsal and ventral portions of hilsa fish

/
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muscles were dipped for 30 minutes in saturated and 10%
salt sclution. After that fhey were stored.at room
temperature for 1, 3, 5 and 7 days, these were then
dried in sun for 3 deys. These samples were then soaked
in saturated and 10% salt solution for 24, 48 and 72

hours to determine the rehydration ratic and percentage.

Hilsa fish muscle pieces about 2-3 cm size were
kept at + 30°C (RT), 8°C, 0°C and =-10°C for 1, 3, 5 &
7 days. They were then sun dried for three days. These
samples were soaked in tap water for 24, 48 and 72

hours to determine the rehydration ratio.

Whole hilsa fish samples were stored at 0°C
temperature for 1 to 7 days. They were then dried for
3 days. These samples were soaked in tap water for‘24,
48 and 72 hours to determine rehydration ratio andg

percentage of water absorption.

Whole hilsa fish samples were stored at 0°C
temperature for 1 to 13 days. They were then sun
dried for three days. These samples were soaked in 5%
NaHCoz solution for 48 and 72 hours. Rehydration
ratio and percentage of water absorption were deter-

mined for different days of storage.

Small sized fresh hilsa fish were purchased

from the mnarket and without removing scales, viscera,
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gills, the whole fish was washed with common salt
solution {fish:salt ratio 1:2). These fishes were
stored at 8°C for 1, 2, 3, 4, 10, 12, 14 and 16 days
for deterniration of the changes in moisture content

of the dorsal and ventrzl muscles.

Fresh catls catla, Rastrelliger kanagurta,
Scomberomonus guttatus gdttatus were procdured from

local market. Fish muscle slices (average 3 cm in size)

were stored at -10°C and 0°C temperature for 43 days

Catla catla species and 39 days for Rastrelliger

species and Scomberomonusg species. Protein solubility

- and trimethyl¢ amine values were determined for each

of the samples at different time intervals,

Fresh medium sized Lgbeo rohita fish were procu=-

red from local fishermen, scales, skin and bones‘were
removed, washed with tap water. Muscle pieces of about
2=3 c¢m in size were cut. Some pieces were kept at 0°C
and others at -ﬁO°C for 14 days. Loss of protein solu-
bility and totél volatile nmitrogen changes were deter-

mined.

Dofsal and ventral muscles pieces 10 cm long

and 1-2 c¢m thick were cut from Labeo rohita following

similar procedure as mentioned in previous experiment.

These pisces were stored at 0°C and 8°C upto 14 days.
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After that they were sun dried for 3 days and kept
for a week in polythene bag at room temperatures for
adjustment to ambient conditions. Now these muscles
were dipped in water (pH 7.0) for 24, 48 and 72 hours
to determine the reabsorption”capacity. Results of
rehydration percentage are expressed on wet weight

basis,

IODINE VALUES

Add 1C ml of carbon tetrachloride to the oil
and dissolve, Add 20 ml of wiys solution and allow to
stand in the dark for thirty minutes. Add 15 ml of
potassium iodite solution (10%) and 100 ml water mix
and titrate with N/10 sodium thiosulfate solution
using starch as indicator. Blank was carried out at the
samne time commencing with 10 ml of carbon tetra-chlo-

ride (Pearson, 1962).

TOTAL VOLATILE NITROGEN

The total volatile nitrogen value was estimated
from TCA extract by Conway microdiffusion techniques
(Conway and Byrne, 1933; modified by Pearson, 1962).
?he TVN values is expressed as mg.N/100 gm of fish
flesh.



MOISTURE CONTENTS

Two grams of fish muscle was placed in a conven-
tion oven mgintained at 100°C to 105°C and heated till
the constant weight was reached. The weight loss was
presumed to be entirely due to evaporation of water
(Poulter et al., 1978).

1

TOTAL PROTEIN CONTENT

The estimation of protein was done following the

Folin-Ciocatleau method of Lowry et al, (1951).

TOTAL LIPID CORTENT

Weighed tissue was ground separately with thoroughly
washed sand and used for determination of total lipids.
Total lipid was extracted using 2:1 chloroform: methanol
mixtures as per the method of Folch et gl, (1957). The
lipid contents was calculated in terms of gm percen-

tage of fresh tissue.

TRIMETHYLE AMINE

The extract was prepared by mixing 2 gm of the
minced samples with 25 ml of 5% TCA in a morter. After
20 minutes the semple was filtered through a filter

paper (Whatman - 42) and the filtrate was stored at
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0°C temperature. Micro-diffusion technique of Conway
and Byrne (1933); as modified by Pearson (1962) was .
ugsed to determine the trimethyle amine values. In
this method boric acid solution was used in the central
compartment of the Conway dish which was titrated

againsj 0.2 N HZSOA solution,

WATER CONTENT

The water content was calculated as the diffe~-
rence between the initial weight and final weight of
the wet samples after definite time intervals. This is

expressed as percentage.

REHYDRATION PERCENTAGE

Final weight = Initial weight

Initial weight
(vet weight basis)

X 100

The rehydration ratio of the sample was deter-

mined by the method described by Vonloesecke (1955).

PROTEIN SOLUBILITY

PREPARATION OF THE SAMPLES

Two grams of the szmple was taken. About 15 ml
of chilled 5% NaCl solution (pH 7.3) was added. The



homogenate was centrifdged for 30 minutes at 2000 rpm,
The supernatent soluble protein fraction was decanted
into a 100 ml volumetric flask. The residue wes then

stirred and centrifuged agsin. The supernatant was
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added to the previous supernatent solution and was made

into 100 ml chilled 5% NaCl solution., Twenty ml of this
solution was transferred into a 100 ml centrifuge tube.
Protein from the supernatent was precipitated by add-
ing 10 ml of 60% TCA solution. It was centrifuged for
30 minutes at 2000 rpm in the centrifuge, (Ironside

and Love, 1958).

PROTEIN SCLUBILITY ESTIMATION

The estimation of the protein sclubility from the
above prepezred sample was done by the folin-Ciocalteau
method of Lowry et ai, (1951). The volume of protein

solubility is expressed as mg/gm of fish tissues.

pH VALUES

Two grams of fish muscle sample was homogenized
in 10 ml distilled water. The pH was measured using a
glass electrode. Each determination was performed in

duplicate (Foulter et 21, 1978).
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RESULTS AND DI1SCUSSION

FISH NUTRITION

Moisture, lipid and protein contents in diffe-
rent anotomical regions viz. dorsal-1, 2, 3 and
ventral-1, 2, 3 as well as in whole fish, both marine
and freshwater species are shown in Table~G and Figs.

1 to 20,
COMPARATIVE VARIATIONS OF NUTRITIVE VALULS
Among different marine and fresh water fish

species of the present study, the highest and lowest

moisture content were found in Harpodon nehereus and

in Catle catla respectively. Highest and lowest lipid

content were found in Tilapia species and Rita rite
respectively. Highest and lowest protein values were

found in red pomfret and in Catla catlg fish species

respectively. The nutritive values of other species
were within the considerable range are shown in

Table-9,
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NUTRITIVE VALUE IN MARINE FISH AS COMPARED
TO FRESH WATER FISHES

Nutritive quality data of marine and freshwater
fish species is shown in table-9. The causes of diffe=-
rences were probably due to ecology of the fish, food

habit,’maturify and other environmental factors.

Moisture and protein content showed greater vari-
ations among fish samples but less variation was obser-
ved in lipid content. from average value the dorsal
portion contained higher moisture and less fat, the
ventral portions contained higher fat and less moisture.
The protein content did not show any regular pattern of
increase or decrease. The values of the proximate com—
position of individual species are shown in the same
table-9. From this observation, it is concluded that
nutritive values of fishes totally depends-on parti-
cular fish species and its body constituents which in

turn depends on food. -

COMPARATIVE NUTRITIONAL STUDIES IN MARINE
AND FRESH WATER FISH SPECIES

The differences in overall chexical composition
of marine and fresh water species are shown in Table-9.
The differences in major components of marine and fresh

o~

water fish species were wide. Correlation between the
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body composition and diet composition has been
reported (Wood et al., 1957b). Differences among
species in the composition of the flesh itself are not
~responsib}.e for many apﬁreciable differences in the
protein quality. The aminoacid composition of the fish
muscle protein was relatively constant without distin-

ction among species.

Differences in anatomical protein however,
results in considerable variation among the nutritional
quality among the-different fish specieé. Spoilage’
would seem to be a possible factor affecting quality.
There is vefy little information regarding thé nutri-
tive quality of fish which have undergone various
degree of putrefaction. Lassen gf f}. (1951) reported
that spoilage of the raw fish and little effect on
the nutritive value. Oiidation was more extensive at
the lower moisture contents. Tappel (1955) studied
the interaction of protein with oxidizing fat. Inso-
luble dark brown copolymers of high oxygen and nitro-
gen cogfggﬁwgpre formed from which the total amino
acids recoverable even after acid hydrolysis was
about 16% lower than would expected from their nitro-
gen content, indicatiﬁg an appreciable destruction of
amino acids. Lanhamvand Nilson (1947) found that
spoilage of sardine meat with heat and moisture in

which both chemical composition and chemical hydrolysis



took place did not adversely affect the nutritive vzlue

of the protein.

When fish is improperly preserved, microbial deco-
mposition may affect the amino acid content of fish in
some cases which lower the value of fish protein.
Partial destruction of some amino acid or the presence
of toxic bacterial metabolic products are responsible
for this apparent decrease in the nutritive value
(Borgstrom, 1965). Autolysis due to the digestive action
of tissue enzymes mey also occur under such conditions.
This may alter the texture, flavour and appearence of

the fish product but seldom affects its nutritive value.

The dietary fat frequently is deposited in the
fish tissue. Fat often undergo a series of changes that
will affect their nutritive value. Westman et al.,(1969)
compared growth and body composition of fish. The
contents of water plus fat was relatively constant on
the whole and there was something like an increase
level of.body fat occurs not frequently as a conée—
quence of feeding of high fat diets (Mann, 1959; Phi-
llips et al., 1966). The composition of marine fish
is influenced by a large number of environmental and

physioclogical factors.

The changes in lipid contents could alter the
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fatty acid composition of & number of species. Body
fat in fresh water species can be changed depending
on dietary fat (Kelly et al, 1958b). Reiser et al.,
(1963) demonstrated that dietary linoleic and linolenic
acids could be deposited in both fresh water fish and
in salt water fish. Fish maintained on a low fat
become deficient in polyenoic acids, which implies
that fish can not synthesize these acids. The decrease
in the environmental temperature induces an increase
in degree of unsaturated in fish lipid (Hilditch and
Williams, 1969; Johnston and Roots, 1964; Knipprath |
Goldstein,
and Mead, 1968; Sf{mith§ 1967). The phenomenal lipid
changed applies to fresh water, esturine and marine
fish. The overall, lipid content of fresh water,
esturine and marine fishes are relatively similar,
particularly in marine species lipid fulfil certain
functions, which do not occuré in fresh water fish,
The natural diet of marine fish is very rich in
protein, The gim of the nutritional research is the
provision of a balanced diet, which will meet the
requirement of food deficiency. This aim cennot be
attained without knowing the nutritional composition

of the species.

INTERRELATIONSHIP BETWEEN BCDY COMPOSITION
OF FISHES

The interrelationship between major body



composition are shown in figures by plotting the

regression lines.

PROTEIN AND LIPID RELATIONSHIP

The protein and 1lipid relationship within the
species among the different marine and freshwater fishes
are shown in figures by plotting the statistical regre-
ssion analyses. Particular lipid values from different
anatomical portions are plotted on x&a&is. Correspon=-
ding protein values of y-axis for obtaining the rela=-
tionship between the twe nutritive variables. Linear
regression equations were calculated for each of the
particular portions., The diversification of dependent
variables (Protein contents with corresponding lipid
contents of each species) were estimated for each ana=-
tomical portion and also in whole body fish samples.
Simultaneously, coefficieﬁt of correlation (r) values
were plotted for each of the anatomical portion. The
slope and intercept values (a and b) were given in
each of the results for different anatomical portions
and whole body fish samples. The pattern of interre-
lationship between lipid and protein contents and the
values of the slope, intercept and correlstion of
coefficient (r) are presented in figures 1 to 7
(Relationship between protein and lipid values in
different anatomical portions and in whole fish

samples, (Regression lines y on x) in different fishes.
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Nutritional values estimated from individual
anatomical portions and whole body samples of marine
and inland has been represented in figs. 1-7 (lipid and
protein values), figs. 8-13 (protein and moisture con-
tents) and figs. 17-20 {moisture and lipid values). The
linear regreésion lines were plotted from the higher
and lower values. Regression equation 'y axis on 'x-axis
for measurement of the diversification of each nutritive

value from the lines.

In the present study it has been found that there
are considerzble variation in the bio-chemical consti-
tuents of the fish body. Protein, lipid and moisture
are the mgjor constituents of the fish muscles. & brief
account on the quaﬂtitatiVe variastions in water, protein
and fat contents of the different fish species are shown

in figures 1 to 20.

It was found from the results that lipid and
water contents are inversely proportional. It was
observed that protein content was higher in particular
anatomical portion. The protein content of the dorsal
muscle was higher as compared to the ventral muscles.
The lipid value was low in dorsal muscle when compared
with ventral muscle, The moisture content was less in
ventral portion. An inverse relationship betweeﬁ water
and other biochemical constituents in marine and fresh

water fish were observed. The proportion of protein and
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lipid vary from species to species. The habitat of
the species (merine and fresh weter) does not play role
in the interrelationship of the main constituents of

the fish flesh.

.In fatty fishes relationship was found between
lipid and water, an increase in one value leading to
a decrease in the other. Brandes and Dietrich (1953)

showed similar results in Chupea herrengus.

The variations of main constituents are due to
food supply, lipid loss due to starvation. A good fat
water line was observed in various fish species in the
present study. The lipid and water together make up
about 80% of the constituents. The water content showed
an inverse relationship with the iipid conteﬁts in the
muscle of fatty fishes and with the protein in non-

fatty fishes. The highest tissue water was noticed to

be 88% in Harpodon nehereus (Table-9).

The water content also increased in fresh water
fish asmggggéred to marine fish. Average highest water
content were observed in fresh-water fish. Few fresh
wa%ér fish contained least water. Many workers sugge=-
sted that in marine species different portions conta=
ined different proportions of water. According to
Lavagna (1554) the ranges of water content was 38.5%

to 56.3%;Gadus morhua (51.1%) of water which depends




on particular portions and seasonal fluctuations and
also types and nature of the species {Love, 1954),

body lipid are markedly influenced by the diet. Star-
vation causes a progressive reduction in lipid vealue
which reach a critical low level before protein begins
to be utilized. The lipid values distribution in the
bodies of different parts of species have been shown
in table~9, It was observed that the water and lipid
shows more or less similar pattern of values (Brandes
and Dietrich, 1953). The fat content varies with cer-
tain anatomical portions of the fish. Large-sized fish
contained more lipid than small sized fish, (Macpher-
son, 1933). The lipid content showed more variations
in the ventral portion, as compared to the dorsal ones.
In meny species, the lipid values in the female fish
was higher than that of the male (Templeman snd Andrews,
1956) .

Lipid changes which lead to lipid protein inter-
action and formation of formaldehyde for trimethyle
amine in the tissue of fishes. Formaldehyde is known
to béfimportant factor in protein changes in several
species of fish (Sikorski et al., 1979). A definite
relationship exists between the amount of protein and
that of water (Dietrich, 1954). A similar regression
line has in a corresponding way been computed from

the relationship between protein and water contents
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(protein and water lines). In lean and semifatty fishes
species the fat content generally increzses from the
head portion to the tail portion., In fatty fishes also
the increaée of value seems to prevail, the lowest
amount of fat being in the tail region. This alsc seems
to be valid for fatty fresh-water species when compared
to other fatty fishes {Morawa, 1954). The close inter-
relationship between water content and the amount of
fat was not distinct in non-fatty fishes (Xordyl, 1951).
Nature of lipid is different in merine and fresh water
fish species. In general, sea-water fish oils have a
relatively more complex composition and fresh water
fish 1lipid contained smaller amount of unsaturated
fatty acids, than those in marine fish lipid. Such
differences are due to differences in food, ecological

conditions and seasonal veriations (Lover n, 1592).

It was observed from table-$ that the lipid
content in dorsal and ventral position may not bé uni-
versal for all the species. Lipid in dorsal, ventral
and posterior (tail) regions did not ;how consis;ent
distributionlpattern in various fish species. The
distribution of lipid are reflected in those of water
among the fatty speé¢ies. Most anterior portion has the
highest lipid and lowest water (Table—é), and the
situation was reversed in the tail region. In non-

fatty species lipid content was very low (Table-9),
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the water content was inversely related to the protein
and presently showed different distribution (Figs. 1 to

20).

The amount of protein in fish was influenced by
the fat and water content {Table-9). Protein content
varies w.th size, age sexual maturity and season. There
was an inverse relationship between fat and protein
content of the edible part within the species of Iishes.
The fat content may vary between the species (Table-9).
Generelly, the leazn fish has a higher protein content.
The reletionship between fat and protein of different
anatomical portions,one species are shown by the regre-
ssion lines. Even closely related species (same genus
or group) may show basic differences in protein contents
(Table-9). These differences do not seem to be directly
connected with the fzt contents (DewbeRry, 1961). Diffe-
rent varieties of species (Marine and fresh water)

' ‘contained widely varying smount of protein. Fish is
also generally inexpensive in comparison of other

protein food (Taylor, 1953).

Setnz et al., (1944) analysed number of merine
fishes and found protein ccntent varying betweén 15 to
25%. Content may changes according to the lipid content
but the proportions of the two did not vary. The water
content of fishes never seems to rise above 80% except

few species, especially Harpodon nehereus (88%). The
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variation of composition totally depends on species.
Lovern (1938b) showed that there was a direct relation-
ship between the size of the fish and their lipid

contents.

‘There was a decline iﬁ protein nitrogen from
head to tail region (Anon, 1966a), the concentration of
1ipid vary in different parts of the body. In fatty
fish; there was usually a higher concentration of lipid

immediately under the skin. Lovern (1958) showed that

. this lipid was rﬁch in cholesﬁerol then in lipid from

other parts of the body. The higher conceﬁtration of
lipid was present perhaps, beczuse it canrft take an
active part in swi&ming, so makes convenient lipid
store house (Love gt al, 1969). It has been found that
lipid was more in thicker part of the body (Fraser
Mannan and Dyer, 1961). Higher concentration of water
was present in ventrel part of the fish specigs as

compared to the dorsal portion of the same region of

the same species (Table-9). Lipid fluctuations depend

on season, food snd feeding habit of the species.

The overall, nutritive wvalues of different
fish species are presented in table and relationship
are represented in several ways (Figs. 1 to 20),
statistical analyses of variance (Table-16). The

results showed that lesser concentration of protein
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was in ventral portion (average values) of the edible
fish muscle, the variation of proteins contents in
dorsal and ventral portion was not prominent. Increase
of fat contents had been observed in ventral portions.
Increase in lipid values have also been noticed in tail
portions. Lipid content was found to be more in fresh
water fish as compared to marine fish species. The
quality of lipid was poor in dorsal portion and whole
body as compared to ventral portions in marine and
fresh water species {Table-9). The lipid content of
fish varies widely, depending on season, lztitute and

sexual stage of fish,

Fish are. found to deposit the maximum smount of
fat Just before the spawing season and to have a mini-
mum fat content a few weeks afterward. The fcod supply
also affect the composition of fish when they are forced
away from the accustomed feeding ground by storm or by
natural enemies, they are often encountered very lean

condition (Borgstrom, 1965).

Fish &5 food can sclve the great malnutrition
problem, if it can be preserved and processed properly

after knowing the actual food values.

STATISTICAL TEST (ANALYSES OF VARIANCE)

Statistical analyses of variance were carried
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Table-16: Analysis of variance (from Table~9 whtle fish samples)

e S A U Sy W i o i WY G S TN e N B GO s W W SR L G P e D N A S U S g T D Sy e S

S - U T - - W I - -

Variation Sum of Degree Mean sum Observed Tabulated
squares of of Fe value
freedom squares n=40 to 60
: {(Ave. values)
. 1% theoretical
Between 291250.95 2 145625 .47 values of 'F!
group = 5 .08
Within  200598.70 42 776,16 30.49  35,velues of
group - ‘ ' (Ave. values)
Total #91849.65 44 :

Hypothesis = Nutritive quality of different fish species are not

different.

Conclusion: As the observed values 'F' .is greater than the
theoretical values of 'F! at 5% and 1% level of
significance for 2 and 42 degree of freedom, the

hypothesis is rejected, i.e., there is a signi-

ficant difference in nutrative quality among
different fish species of the present study.
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out to find out whether the nutritive values of diffe-
rent specics are same or not. It was found from the
statistical findings that nutritive values of different
fish species are different (Table-16). The observed
values F (30.49) is greater than the theoretical value
of F (5§.08, 1% level of significance) and theoretical
value of F 3.42 at 5% level of significance at 2 and

42 degree of freedom. The hypothesis is rejected. There-
fore, it may be concluded that there was a significant
differeﬁce in nutritive value among different fish

species (Table~16) of the present study.

INTERRELATIONSHIP BETWEEN LIPID 4ND MOISTURE
CONTENT IN DIFFERENT ANATOMICAL PORTIONS
AND WHOLE FISH

The interrelationship of lipid and moisture in
different anatomical portions of marine and freshwater

fish species and shown in Figs. 15«20,

Moisture and lipid content in ventral-1 portion
of different fishes are plotted 'in Fig. 15._$hé;goe-
fficient of correlztion between two variables is

r = -0.13 where slope and intercept were a = 26.89 and
b

-0.30., Statistical regression equation was plotted
from the highest and lowest values. The relationship
between moisture and lipid content was found to be

negative (r = -0.13).
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Similarly, in dorsal-2, a negative correlation
was found (r = -0.12), Fig, 16; in ventral-3 (r = -0.03),
Fig. 19; in ventral-2 {r = -0.94), Fig. 17. The correla=-
tion was positive in dorsal-1 {r = 0.12), Fig. 14 and
in dorsal-3 (r = 0.27), Fig. 18. In whole fish samples
the correlation was negative (r = -0.41), Fig. 20.

. Therefore, it may be concluded, on the basis of
the present findings that the correlation between mois-
ture and lipid contents is negative., In dorsal-=1 and
dorsal-3 portions., The above values are neglig%ble. The
moisture and lipid content ratio is variable within the
same species or genus or in any particular portions of
the same species, when one value increase the other
value decreases. This is the bio-chemical compositional
interrelationship between moisture and lipid content

within the fish body of different species.

INTERRELATIONSHIP BETWEEN FPROTEIN & MOISTURE

The interrelationship between protein and mois-
ture content of different anatomical portions of marine
and fresh water fish species are shown in figures as

follows

Dorsal-1 (Fig. 8)
Dorsal-2 (Fig. 9)
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Ventral-3 (Fig. 10)
¥hole fish (Fig. 11)
Ventral-2 (Fig. 12)
Dorsal-3 (Fig. 13)

The positive coefficient of correlations (r)
were found in different anstomical portions of marine
and fresh water fish species under the present investi-
gations. The negstive correlations was observed in
whole body fish samples. The figures also show the
diversifications of observed nutritional values
(proteins with corresponding moisture values) from the
linear regression lines. In ventral-1 and ventral-3
the correlation was found to be highly insignificant

and hence not shown in figures.

The different regions namely; ventral 1, 2, 3
and Dorsal - 1, 2, 3 and whole body fish samples
conteined different nutritive velues (Table-9). The
pattern of distribution of nutritive values were also

different in such anatomical portions.

Among different marine and freshwater species,
the results of the interrelationship between proteins
and lipid contents are given separately in the figures

1 to 7.

Dorsel-1 (Fig. 1)
Ventral-1 (Fig. 2)



Dorsal=2 (Fig. 3)
Ventral-2 (Fig. 4)
Dorsal-3 | (Fig. 5)
Ventrae3 (Fig. 6)
Whole fish (Fig. 7) ‘ .

. 1t was observed that there were merked differences
between the proximate compositions among the different
anatomical portions as well as in whole body fish
samples. In different anztomical portions, the protein
content were positively or negatively correlated. The
diversification of the observed nutritive values from
the linear regression lines are shown in each of the

A

figures respectively.

Protein content and corresponding moisture
content within the particular portions and whole body
are shown in statistical correlation coefficient and

linear regression lines.

Fig. 11 shows the interrelationship between
protein content end corresponding moisture contents in

whole body fish samples.

INTERRELATIONSHIFP BETWEEN THE MAIN CONSTITUENTS
OF FISH BODY (PROTEIN AND CORRESPONDING LIPID VALUES)

Fig. 4 (ventrel-2). The coefficient of correlation

-
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r = -0,97, vhere slope (a) = 23.11 and intercept (b) =
-/317 respectively. The lineer regressién equations
were Y, = 23.11 - 0.17X;, end Y, = 23.11 - 0.17X%,
(X; = 40.0 and X, = 11.25 mg.N/100 gn of fish protein,
these are the highest and lowest values in ventral-2

sections.

CHANGES OF PROTEIN SOLUBILITY IN MARINE AND
FRESH WATER FISHES AT LOWER TEMPERATURE
OF STORAGE

. A

The loss of protein solubility of different fish
species from percentage of initial values at different
storage temperatures are presénted in~tab1es and figu= N
res. The loss of protein solubility varies from spedies
to species and within the species with length of stora=-
ge period. Storage temperatures have some effect on
protein solubility cﬁanées. Lower the storage tempera=-
ture, lower the loss of protein solubility as compared
to the higher étorage temperature. In Scomberomonus

guttatus gattatus species, the loss of protein solu-

bility a was 44.80% at 0°C and 68.72% in -10°C storage

period and same experimental condition, the difference
of loss of protein solubility in two different storage
temperature were 23.92% (from percentage of initial
values). The tofal loss of protein solubility at 0°C
and =-10°C temperature were 55.2% and 31.28% (from
percentage of initial values) Fig. 27; Table-1.
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The loss of protein solubility in Labeo rohits
species was 19.81% at 0°C and 18.23% in -10°C storasge
temﬁerature at 17, days of storage. The total loss of
protein solubility from percentage of initial values
were 80.19% a@‘;?o??c and -10°C storege temperatures, for
the same storage period. The difference in the loss
between 0°C and =10°C was 1.58% at the end of the
storage period (Table-2 and Fig. 21). Similar pattern
of findings were also observed in Rastrelliger'ggggz
gurta and catla cstla species. The total loss of
protein solubility was 80.03% in 0°C and 58.2€% in
-10°C storage temperature after 39 days of storage in
Rastrelliger kanagurta (Table~-3 and Fig. 28). In Catla
catla fish the total loss of protein solubility was
86.86% and 87.24% (from percentage of initial values)
at 0°C and ~10°C storage temperatures after 43 days
of storage (Table-4 anﬁ Fig. 25). The difference of
loss of protein solubility was 0.38% between 0°C and
-10°C storage temperazture for the same storage period.
Among all the species the protein solubility values
gradually decreases. It was observed from the result
that there were no marked differences in loss of
protein solubility changes between marine and fresh
water fishes. The storage temperature and 1eﬁgth of
storage period had great influence in protein sclubi-
lity changes. With the increase of storage time the

value of the protein solubility declined steadily.

The loss of solubility of the denaturszted proteing;éxmm
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the result of reorgaenization of hydrophilic groups and
lipophilic groups on the surface of thé molecules after
unfolding of the polypeptide chain, The free fatty acid
attach themselves hydrophobically or hydrophilically to
éppropriéte site on protein surface. Thus at the end it
results in decrease in protein solubility (Si korski
et al., 1979). The denaturation of protein measured as
loss of solubility in defined salt solution decreases
with lowering of storsge temperatures (Fimn, 1934).
Dyer (1954) made extensive studyc of the denaturation
of fish muscle actomyosin and found a general correls—
tion between loss of sclubility of the protein and
organoleﬁtic changes. The solubllity should not- be
eipectgd to reflect the textural changes beyond a
certain limit. Ironside and Love (1958) reported that
actomyosin denaturation may play an important part in
the textursal changes during freezing. Storage tough-
neés may also result from the changes in cell meambrane.
Inorganic salts play a decessive role in actomyosin
denaturation and that denaturation is almost arrested

when the temperature fall below the cryshydratic point

of NoCl., At low~temperature of storage lipid possibly

offers protective action against protein denaturation
(Dyer et al., 1957b). The rate of denaturation of
protein was higher at higher storgge temperature. Fluc-
tuation of storage temperature’éhows a drastic effect.

At lower temperature of storage the denaturation is

172
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slower., At higher storage temperaturg the rate of dehy-
dration is higher and such dehydration accelerates the
protein in extractibility. The loss of protein solubi-
lity showed species variation, Hollander and Nell (1954)
reported thet freezing period has gpparent influence on

the denaturation of protein, Stiffening of the muscle

— reduced the solubility of actomyosin. The solubility

decreases to a low value of about 30% iﬂ herring when
frozen before rigor sets in and does not change during
30 days of storage (Nikkila and Linko, 1956). Protein
solubility returned to normal from the low pre-rigor
values. Proteip is less soluble in salt solution and \
muscle had been able to shrink fréely on defrosting
(Love, 1962). The solubility changes of different fish
samples during low-temperature of storage ére shown in
figures. After low temperature of storage they showed
a decrease in soiubility. From the figures it can be
seen that during chill storage, the solubility show
very slight changes. However, during frozen storage a
further solubility loss occurs which depends on the
storage period. After frozen storage for only a week
there was very little effect. The solubil;ty loss was
considerable but little change is evident., Solubility
is not affected by the freezing process but is a fun-
ction of storage periocd. Lowering of temperature by .
-10°C level induces a four fold increase in shelf-1ife

(Heen, 1949). Fish muscles suffer deteriorative quality
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changes during frozen storage. However, there is a
need to find difference between fresh and frozen mscle
for a meaningful discussion of fish muscle preservation.
Many studies have been carried out to detect changes in
the chemical and physical propertie; of protein for
example, measurement of solubility (Dyer, 1951; Connell,
1961). They all found that these properties were affec-
ted by freezing. Protein were examined in an attempt to
find out any changes in their properties as a result of
freezing and to use this information to monitor chénges
occuring during cold storage. Salt soluble proteins
were extracted from fresh and frozen muscle in order to
compare their pattern of changes. The loss of protein
solubility is used as one of the indicators of protein
denaturation. The major part of the solubility loss
occuring over the two weeks of storage happens during
the first week and that the subsequent solubility loss
is very slow. Washing the pieces before freezing has

no great effect on the initial and final loss of
solubility. The loss of solubility during the first
week could be that the act of freezing was causing the
effect, It could ge argue¢d that the loss of solubllity
was caused by the changes in pH, ionic strength or
enzvme substrate concentrations brought about by the
effect of freezing. However, a linear relationship ,
between rate of solubility loss and temperature may be

expected. Storage of fish for a week tend to large
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decrease in the initial solubility of the protein,
different species as well as different regions of fish
showed variations in loss of protein solubility. (Figs.
21, 25, 27 and 28). Protein solubility study would be
helpful in determination of micronutritionai'quality

changes in fish stored at low temperature,

STATISTICAL ANALYSES

Statistical 't' test were carried out for esta-
blished the hypothesis that storége temperature had
some effect on protein solubility changes in different

fish species nacely, scombe;dmongg guattatus guttatus,

labeo rohita, catla catla and Rastrelliger kanagurta.

From the statistical test, it was found that storage
temperature had some effect on protein solubility
changes and it has been fgﬁnd that lower the tempera-
ture, lesser were the changes of protein solubility.
The pattern of solubility changes among different
species (marine and fresh water) are also different.
The results of statistical analyses are given in

tables : 15, 15.1, 15.2 and 15.3 respectively.
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Table=~15 ¢ Statistical 't!' test

Specles: Scomberomonus guttatus guttatus

‘
T D W G oh WO T B S B TS SO W W CovS Biow SR R AT O NN VT S Y SR WS G W WS D G WA GO VA GO SR WO TS TS, ey SN Sy T T VS SR A S WO NS T S G W LD ST T W3 ST T S e O T ) W

Protein Protein Difference n Observed Tabulated
solubility solubilit d; =(xqi-x,1) value='t' 't' at 1%
x11(O°C) . 'X21(~10°C iigiifgf
cance

17.68 19. 64 - 1.96 '

30.40 35.70 - 5.30 n=11 1.89

30,36 35.72 - 5.36 3.169

28.6 33.04 - 4,44

33.9 22.32 12.59

28.6 Bh.éo - 6,20

29.5 39.50 ~-10.0

22.32 25.89 - 3.57

30.70 28.60 241

39.30 37.50 1.8

39.46 25.0 14,46 ,

d = 0.53

Storage temperature : 0°C and -10°C

Hypothesis : Storage temperatures has some effect on protein
solubility changes

Assumption 3 dy, dy evees dy constitute a random sample from
n(pd, r%) populations.

3 =',‘25b; = 0.53
3
M-y - su7.26
-y o= 10 ‘3

The test statistics 't' = ——
b&/{ 3!
S'd = ?j{d: - cl)q

“Thor

Conclusion: The observed value 't' is less than the tabulated 't!

at 1% level of significance at (n-1)-10 degree of
freedom, the hypothesis is accepted.

:1089

= 5He3d  sd=z 740
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Table-15,1 ¢ Statistical 't! test

D . A S S T . G WO . Ty S RN W T, W WS o SO W QO B33 O GRS A W WL T B e S G SUY W U6 W SR e GO S e S AN WU TS S O WY 00 I Te SR W v T Y T Tl A A R SO e S

Protein Protein Differences Observed Tabulated
solubility so}ubility di=(x1i-x21) n value 't at 1%
x41 (0°C) x51 (=10°C) - L level of
significance
3.13 1.79 1.34 n=9 3.93
5436 245 2.86 . 3.355
8.04 4,82 3.22
6.25 6.25 0.00
4,16 - 4,64 - 0.48
4,82 2.59 2.23
8.93 2.68 6.25
11.61 3.50 . 8.1
15.80 9.82 5.98
Storage temperatures : 0°C and -10°C
Hypothesis ¢ Storage temperatures has effect on protein

solubility changes

Assumption 3 d;» d2 evee dn constitute a random samples
from ngpd, ¥d ) populations

)

N
m""‘“ )” - 63.72
n-{ =¢

The test statistics 't! = d = 7.9 o
_ sd/mn
'\Z(a;-d)"’
!
s = = 7.97
n-1
Sd = 2.82

Conclusion: The observed value 't' is greater than the tabulated
't' at 1% level of significance at (n-1)=8 degree
of freedom, the hypothesis is accepted.

-
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Table-15.2 ¢ Statistical 't' test

Species: Réstrg]]iggrkanaggrta

Protein Protein Differences Observed Tabulated
solubility solubility diz(x1i~x21) n value 't' 't' at 1%

%1 (o°C) x51 (=10°C) level of
significance
11.60 - 13.40 . - 1.8 :
25.0 17.90 7.1 n=11 4,22
23.20 23,20 0 3.169
21.43 21.43 0
27.80 16.07 11.73
32.14 24,10 8.04
28,60 17.90 10.7
23.20 16.10 7 1
24,46 . 17.0 7 .46
39.29 .32.14 7.15
58.10 32.10 26.0

Storage temperatures: 0°C and -10°C

Hypothesis $ Storage temperatures has éffect on protein
solubility changes.

Assumption : di’ d2 esss dn constitute a random samples from
n().ld, v’4d ) populations. '

3] d*
i
d = l—z—'\;‘-‘“‘ = 9.28
Co=\e
SICEEY = 534,67
n-1 = 10
The test statistics 't' = df/ = 4.22
W - q,‘Sd/‘n
. (dt* d
Pd = L s
n-1. =23

Conclusion: The observed value 't' ig greater than the tabulated
't?' at 1% level of significance at (n=-1)=10 degree
of freedom, the hypothesis is accepted.
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Table-15.3 : Statistical 't' test

Species: Catla catla

S S Y S R GO A T U A Y L T T O WD A ST DU W A M AT G CE Y S TS S S N SO A SN TP S W N v A D Y % S S SN A S S S S A S e W T e W e SP SUOE O

Protein Protein Differences Observed Tabulated

solubility solubility —dy=(x,i=x,i) n value {t' 't' at 1%

xqi (o°C) X1 (=10°C) level of

significance
4,60 1.61 2.99
4,10 1.96 2.14
5.0  L4.46 0.54 =12 4.49 3-106&

17.86 3.39 14.47
16.07 11.69 4,38
23.20 11.61 11.59
32.10 9.82 22.28
42,86 11.61 31.25
33.03 9.1 23.92
39.3 11.61 27.69
39.28 12.5 ~ 26,78
35.0 12.61 22.39

Storage temperatures: 0°C and ~10°C

Hypothesis: Storagé temperatures has effect on protein
solubility changes.

Assumption: disy do esee d, constifute a random sample from
nQud, v'd ) populations.

_ A ;
= - iza,

Y = 15.87
<1y .y
DI d) = 1640.24

n-1s=1M

The test statistics 't' = SN = 4,49
9 - D -
- -———'3—-:—-;]-—— = 149.11, sd = 12.21

Conclusion: The observed value 't' is greater than the tabulated
't! at 1% level of significance at (n-1):11 degree of
freedom, the hypothesis is accepted.



TRINETHYLﬁ AMINE FOR MEASUREMENT OF FISH
ACCEPTABILITY DURING STCRAGE

The values of trimethylg¢ amine graduslly incre-
ase during the storage period. The highest log values
of trimethyl¢ amine 1.60 mg.N/100 gm of fish flesh
stored at 0°C and 1.46 mg.N/100 gm of fish flesh stored
at -10°C for 39 days of storage period were observed
(Table-1 and Fig. 23). The initial values were 1.5 mg.N/
100 gm of fish flesh at 0°C and 1.28 mg.N/100 gm of
fish flesh at -~10°C of storage. The total increase of
trimethyl¢ amine velue during the same siorage périod
was log 0.1 mg.N/100 gm of fish flesh at 0°C of storage
Similarly, the total increase of trimethylé amine value
at -10°C for the same storage period was log 0.18 mg N/
100 gm of fish flesh. The changes in TMA vslue depends
on the storage temperature, length of storage period
and also on éhe species. It is observed from the
Table-1, 3, 4 and Figs. 23, 24 and 26 that higher the

rstorage period higher the THA values, lesser the

)
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storage period lower the THA production. Increase in
TMA values did not show the same pattern. Sometime value
showed fluctuations and the ra%e of increase was very
less, In marine fish species the THMA production and
pattern cf increase was significant but in fresh water
fiéh the rate of increase was very slight or negligéble.
The highest and lowest TMA values were 1.35 and 1.33
ng.N/100 gm of fish flesh at 0°C and 1.53 and 1.18
mg.N/100 gn of fish flesh at -10°C found in Rastrelli-

ger kanagurta fish species at initial to 39 days of

storage period. In comparison the TMA production between
two different storage.temperature 0°C and -10°C for the
same storage days were 0.15 mg.N/100 gm of fish flesh.
The =10°C température samples contained less amount of

TMA upto the end of storage period (1.18 mg.N/100 gm

‘of fish flesh). There were no regular pattern of incre-

ase of TMA production between the initial and final
storage sample (Table-3 and Fig. 24). The results of
TMA production in Catla catlz fish are presented-in
Table-4 and Fig. 26 from which it is observed that
there was no regular increase c¢f IMA production in
Qgglé catla fish dufing storage. The values showed
fluctuations in samples both from the storage tempe-
ratures. At the end of storage period at 43 days of
storage TMA value 1.34 mg.N/100 gm of fish flesh were
found in 0°C storage samples and correspondingly 1.23
ng N/100 gm of fish flesh were found in -10°C tempera-
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tures of storage for the same storage period. Variation
in THA values were also observed within the storage
temperatures both 0°C and -10°C respectively (Table-4 &
Fig. 26). TMA is a reliable indicator for measurement
of freshness of fish species, specially marine fishes
during low temperature of storage. These are various
causes for the for@ation of TMA in fish muscles during

storage.

Trimefhylg amine is higher in the muscle of marine
fish but it is normall? absent or present only in very
small amount in fresh water fish (Shewan, 1951; Simidu,
1961; Yamada, 1969). During storage in low temperature
the oxide is reduced to trimethyld amine by naturally
occuring bacteria on the skin of the fish or iﬁ the
viscera which invade the flesh after death. Quite a few
number of publications based on the non-specific methods
of analyses are available on the relationship between
volatile bases and the quality of fish but comparatively
little quantitative information is available on concen-
tration of DMA in fish and fish products. There is
evidence to suggest that the effect of mincing tissue
is to accelerate reactioﬁs due to both bacteria and
natural enzymes of the flesh and other organs (Babbit
et al., 1972). There ;re significant difference in the
rates of production of THA from one species to another.

The initial level of TMA is very little and then it
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relatively increases. Mackie and Thomson (1574) reported
that TMA reached level 20 mg.N/100 gm of fish flesh for
cod and_12 mg.N/100 gm of fish flesh for haddock kept

in low temperature for 15 days. There wes incresse in
TMA during storage of marine fish. The TMA values did
not show any significant rise during storage of fresh
water fish. The degradation of TMAO during low tempe-
rature storage is still mainly due to TMA, Determining
spoilage by THA has been recommended by some; others

have claimed it is of little value.

As with the volatile basic nitrogen studies.
The conflicting situation for TMA is partly the result
of the use of different species of fish with varying
composition and of the employment of different storage
temperature and conditions (Borgstrom, 1965). TMA
determination could be enhanced by determining its
increase in fish after an incubation period. There was
a variation in levels of TMA between species or the
range of values were so wide and overlapping as to
preclude setting up definite standards, (Good and
Stern, 1955). Trimethyl¢ amine oxide is found in con-
siderable quantities in marine fish. After death, the
alteration in the fish tissues are accompanied by a
con51derable increasse in the di- and trlmethyle amine
formed as a consequences of the reduction of oxide

into free bases. The free amino nitrogen varies with
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the season and storage conditions. The free basic amino
acids which increased after death (glutamie acid, methy-
thiotidine) and those which diminish in relative
quality (Lysine, Leﬁciné) while third group (Glycine)
remains constant (Hodgkiss and Jones, 1955). Trimethylg
amine velue might be used as an objective measurement
of quality of stored fishes. TMA log values between 0
and 2 indicate fish judged by these men to £e of prime
quality. TMA log velues 1 and 4 indicates fish that
are spoiling. When the TMA log values exceeded 3-4 the
fish have reached a condition that is considered unfit
for processing. At tpe initial storage period approxi-
mately of a week there is a slow consistent of increase
in the TﬁA values. This is followed by an accelerated
increased during next week and then almost linear
increase during which TMA is formed very rapidly. This
reveals that the TMA values of the fish muscle have a
very significant correlation with the length of storage
period (Castell and Greenough, 1958). It would appear
from the results that TMA values may be used with

certain limitation as an objective measure of spoilage.

The spoilage rate of fishes at a particular
temperature is not uniform. The temperature effect may
vary not only from one species to another but also in
different spolilage test. Spoilage of fish during

storage at a low temperature is a highly complex
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process. Very low TMA indicates very good condition

of fish., The onset of spoilage during storage after a
week was substantiated by an increase in THMA content
to a level 4 mg.N/100 gm of fish flesh (log value)
followed by a rspid rise to above 4 mg.N/100 gm of fish
flesh (log value) at the end of the storage period.

The variation of TMA is due to the intrinsic
bioclogical factors associated with the fish, such as
the variation in chemical constituents TMAO etc.(Love
et al., 1959). Other causes are sexual cycle of the
fish, food, fishing ground, together with the post-
harvest conditions, particularly method of handling
and temperature. ?he bacterial population causing
spoilage is itself in s dynamic state, altering during
spoilage, not only in total numbers but also in the
population of the various types (Shewan et al., 1960).
The slower rate of production of TMA which lead to the
longer shelf life of the fish is due to retardation of
bacterial and enzymatic activity at lower tempersture

of storage.

The effect of temperature enhance the rate of
spoilage during storage, distribution and transporta-
tion. For measurement of shelf life (freshness) of fish
a relative rate of spoilage chart has been prepared
from 1 to 25°C temperature for definite period of

storage days; on the basis of trimethyle amine content
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at 0°C of storage temperature. From the spproximate TMA
log value one can easily know the freshness of fishes,
A 1imit of acceptable line was also drzwn for the accep-

‘table 1limit of the particular fish species (Table 19).

CHANGES OF TOTAL VOLATILE NITROGEN IN
STORED LABEC ROHITA FISH

The log value of total volstile nitrogen at two
different storage temperatures (0°C and -10°C) for 17
days of storzge is presented in table-2 and Fig. 22.
The total volatile nitrogen value graduaslly increased
throughout the storage period. At 0°C storage tempera-
ture the initial TVN value was 1.21 mg.N/100 gm and
final value was 2.41 mg.N/100 gm from O to 17 days of
storage period. The rate of increase was very slow, the
fish samples were acceptable upto each of storage

period at 0°C temperature.

© Similar pattern of log TVN values were also
observed in -10°C storage samples. Here the initial
TVN value was 0.99 mg.N/100 gm end-final TVN value
was 2.22 mg.N/100 gm from 0 to 17 days of storage.

Lower the storage tempersture, lower is the
TVN production. Tﬁe storage temperature has a signi-
ficant effect on the TVN production., Many workers

have suggested that 30-40 mg.N/100 gm of fish flesh
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is the upper limit of acceptability during storage at
low temperature. In the present findings the TVN values
were always below the acceptable limit. Thus all the
fish samples were in acceptable condition. Comparatively
-10°C fish samples were better in quality (Fig. 22 and
Table-2).

The present findings Labeo rohita fish agreed

with the relevant  1literature that the muscle deteriora-
tion was delayed by lowering the temperature and the .
high temperature csused much more g%rinkage (Burt et gl.
1969). The results indicate that rapid extensive sti-
ffening on chilling is not accompanied by muscle shrin-
kage. After post-rigor, low temperature has relatively
little effect on the shelf life or still allows a

sufficiently long storage period.

The TVN values showed a gradual increase during
the period of storage, they remained well within the
limit of acceptability. The rate of increase of TVN
values at =10°C of storage was negligible. Paladino
(1945) reported that volatilewﬁm- containing beases
were suiteble indicator of the degree of spoilage.
One hundred mg. of volatile basic nitrogen per 100 gm
samples of fish muscle was the critical point. When

the values exceeded the fish in question were not

acceptable as human food. Fish enzymes are retarded



Table~18: Statistical 't' test (Fish-salt ratio) , 193
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TVN log TVN log Differences Observed Tabulated
values values di(x1i-xzi) n=  value 't at 1%
xy1(1:2) x1(1:1) tp level of
fish:salt fish:salt significance

1.26 1.28° - 0.02

1.09 1.65 - 0.56 .
- 1.43 1.27 0.16 n=11 =0.32

1.20 1.25 - 0.05

1.40 1.36 0.04

1.18 115 0.03 =3.169

1.42 1.38 0.04 ’

1.40 ‘ 1.44 - 0.04

1.55 7 1.44 0.11 °

144 1.42 0.02

1.43 1.5 - 0.08

d=0.02

Species: Hilsa ;lisha
Fish-salt ratio (1:2 and 1:1), kept at room temperature + 32°C

Hypothesis: Higher pr0porflon of salt had a significant effect
on the changes of rate of spoilage during storage
at room temperature.

/ ‘
Assumptior: dj. dy eeee dn constitute a random samples from
n(pd; , v’ ) populations.

_ %\ k
q = ~12il, = 0.02
. N 2
‘LSdi -d ) = 0.4222
n - 1 = 10
The test statistics 't' = —S— = 0.32
A - sd/in
’ { 1~ 14
s2d = 111 < = 0.0L222

Sd = 00205475

Conclusion: The observed value of 't! is less than the tabulated
values, {(3.169) at 1% level of significant at
(n-1)=10 degree of freedom, the hypothesis is accepted
therefore, it may be concluded from the findings that
higher proportion of salt to fish, the rate of spoi-
lage was slower during storage at ordlnary room temp.
without proper packaging materials.



in their activity as soon as temperature decreases to
20°C, The catalase activity of the gills also rums
parallel to the degree of spoilage (Tomiyamz et gl.,
1950). Upto an amount of 30 mg.N % volatile basic
nitrogen in the flesh, the catelase activity remained

almost constant.

Not only bacterié and their metabolic preducts
are responsible for spoilage, but that the enzymes of
fish muscle and intestin% are also involved in the
spoilage. Muscle enzymes are particularly active in
the initial phases. After capture of fish the bio-
chemical changes takes place. In storing the whole
fish as is commonly done with fresh water fish (Lgbeo
rohita) the intestinal enzymes may invade the muscle
tissue, thus causing spoilage. Bacterial enzymes may
exert a certain influence, but not only bacteria are
responsible for the spoilage of fregh water fish,
Intrinsic enzyme may participate too. The presence of
certain fish muscle enzyme appears to be a pre-requi=-
site for an optional growth of bacteria which causes
spoilage. .

For measurement of fish spoilage, like Labeo
rohita, total volatile nitrogen is a good indicator.
From the TVN results fish acceptability was easily
calculated. The total volatile basic nitrogen content

increased during storage of oysters and of white meat

134
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fish. Increase of the total volatile nitrogen content
with fish spoilage was also found (Shewan, 1942; Rie-
mann, 1952; Pierangeii et al., 1954). The content of
ammonia or ?olatile bases increased appreciably during
fish spoilage but if cérbohydrates were present, pro-
tein decomposition with ammonia formation was depressed
(Simidu and Hibiki, 1957). Spoilage of fresh water fish
at temperature of 80-90°F the content of volatile base
showed a rough correlation with the freshness but at
30-40°F on correlation was found between other fresh-

ness parameters.

LIMIT OF ACCEPTABILITY OF LABEO ROHITA

The Labeo rohits fish species were biochemically

acceptable throughout the storage period. At -10°C
storage samples were highly acceptable upto the end of
storage period and 0°C storage samples were acceptable
at the end of storage veriod of 17 days. In both the
cases the TVN values were below the acceptable limit,
Wierzh@howski (1956) suggested 30 to 40 mg.N/100 gm as
the upper limit for fresh water fish and 60 mg.N/100 gm
as the limit of marine fish. Sato (1960) found a con-
sistent difference between bottom fish and surface fish
in case of total volatile nitrogen. The present find-
ings have some similarities with the findings of above

workers. Fellers et al., (1957) recommended that the

195
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ratio of volatile basic nitrogen to the total nitrogen
as a useful index of the quality of fish. It may be
concluded from the results (Table~é and Fig. 22) that
Labeo rohita fish samples were acceptable through out
the storage period of 17 days at 0°C and -10°C for

storage temperatures.

CONTROL OF FISH SPOILAGE USING COMMON SALT

TOTAL VOLATILE NITROGEN

The log values of total volatile nitrogen {TVN)
gradually increases upto the end of storage period. The
rise of volatile nitrogen values were very slow in
higher proportion of salt-fish ratic as compared to
lower proportion end in control samples. The results
of volatile nitrogen values are expressed in terms of
log values and presented in figs. 35 and
36 respectively. In control samples (without salt treat-
ment) the rise was from 1.17 mg.N/100 gm to 1.69 mg.N/
100 gm at O to 8 days of storage period at room tempera-
ture + 32°C. At the beginning of storsage périod, the
increase of TVN was rapid which then gradually declined.
The control samples were unacceptable after 2 days of
storage (log TVN values\1.66 ng.N/100 gm). After 2 days
of storage at room temperature (i 32°C) the fish dete=-

rioration was rapid.
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FISH-SALT RATIO (1:1)

The initial TVN values was 1.28 mg.N/100 gm and
final TVN value was 1.51 mg.N/100 gm of fish flesh at
O and 10 days of storage in fish-salt ratio 1:1. The
results are reported in the table and fig. After one
week of storage the fish samples were moderately accep-
table. At the end of storage period the log TVN values
were 1.51 mg.N/100 gn of fish muscles. The fish samples
were acceptable on the basis of TVN formation by using
1:1 fish-salt ratio upto the end of storage-period

(Figs. 35 and 36),

FISH-SALT RATIO (1:2)

The fish samples were highly acceptable through-
out the storage period at 1:2 fish-salt ratio. But
slight discolouration was observed probably due to
excessive salt. Fish samples became hard and slight
reddish colour developed Just anterior to the tail
portions. Oveyall the TVN value increased very slowly
from 1.26 mg.N/100 gm to 1.43 mg.N/100 gm of fisgh
flesh., The rise was very negligéble as compared to

1:1 fish-salt ratio and in control samples.

COMPARATIVE TRIMETHYLE AMINE VALUES

The increase of TMA values are presented in

137
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35
- figs. 35%nd 36. ‘The increase of TMA value
was from 0,87 to 1.60:mg.N/100 gm in control samples.
Similarly, 0.69 to 1.36 mg.N/100 gm in 1:1 fish~salt
ratio and 1.12 to 1.28 mg.N/100 gm of fish flesh in
RN 132 fish-salt ratio respectively. The fluctuation of

A

4

TFA values were observed in all the samples. The pattern
of rii: of THA values in 131 and 1:2 fish-salt ratio
- were more-o-'-less similar. There was a significant
TT - - differenve in TMA volues of hilsa fish'épecies in
contfol ~éamples as ~comparéu t~ figh-selt ratio samples.
\\Salt retard the TMA formation during storaée by contro-

-11ing tne srterial and autolytic (enzymatic) spoilage.
Upto four days of storage the formatlon of TMA was

e o T e 1

ot e

very 1 iess, efter remainlng period of storage, ‘the TMA
formation was very high in all the fish samples. The
THMA formation were very less in 1:2 fisﬁ-salt ratio. All
the salt treated samples were acceptable at the end of
0 to 10 days of storage period ( . Figs. 35
and 36). | '

SHELF-LIFE OF THE SALTED PROCESSED PRODUCT

Different proportion of common saglt is used in
order to extend the keeping quality of the fish for
marketing. Salt has been used as a method of longiterm
preservation of fish. Salt slon down the spoilage of
the fish end the different proportion of salt will



have an effect on the shelf-life of the fish. During
preservation the shelf-life of the fish depends on
many factors like storage temperature, storage time,
species of the fish as well as various other condition
influencing the action of the micro-organisms (Burgess

et al,, 1965; Shewan, 1951).

With the increase of storage period, the TVN
values of the fish species increases. The overall find-
ings of the present investigations suggests that the
shelf-1ife of the fish could be extended by keeping the
fish in salt which has got preservative action. Higher
propor@ion of salt extended the shelf-life of the fatty
fishes 1like hilsa.

The excessive softening of the fish texture is
almost certainly due to enzymatic action., Digestive
enzymes hydrolyse protein, destroying the muscle stru-
cture and allowing nutrients to be leached into the
brine., Removal of the guttissue which has particularly
éctive digestive enzymes.inhibits enzymatic spoilage.
The level of enzymatic activity at a given tempera-
ture will vary from species to species, depending on
the normal environment temperature in which the fish
is found. The dressing procedure used séemed to have
a significant effect on the extension of shelf-life
of salted fish,

202
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VARIATION OF IODINE VALUE

The variastion of iodine value in salted and
unsalted hilsa fish samples are shown in
fig. 38, The iodine values are calculated from percen-
tage of initial values. The effect of salt proportion
on the degradative changes of fat are measured by
estimation of iodine values during storsge at ordinary ¢
room temperature of fatty fishes like Hilse ilisha. The
iodine value graduzlly decreased during the storage
period in both szlted and unsalted fish samples. In
control samples the total percentage (from percentage
of original values) of decresse was 73.22% in 6 days

of storage at room temperagture.

IODINE VALUE AT 1:1 FISH-SALT RATIO

The changes of iodine value {from percentage of
original value) was from 100 to 25.89% at O to 10 days
of storage st room temperature (+ 32°C). From O to &4
days the changes were very slow, after which the pattem
of changes was very significant (from 52.39 to 25.89%). |

IODINE VALUE IN 1:2 FISH~-SALT RATIO

The iodine Value)gredually decreases from per-
centage of the initial value. The percentage of total

decrease was 75.01% at the end of storage periecd. A



regular pattern of decrease of iodine value was observed
in 1:2 fish-salt ratio. From O to 4 days of storage the
rate of decrease were very slow and after fcur days of
storage the rate of decrezses were very high, A marked
difference of iodine value was observed in 0 to &4 days
and 5 to 10 days of storage samples . (Fig.
38). The different proportion of salt had a significant
effect on the iodine value during storage. Iodine wvalues

were low in higher proportion of salt.

A statistical 't! test was carried out on the
basis of the hypothesis that higher‘proportion of salt
had a significant effect on the changes of the rate of
spoilage {biochemical changes of raw fish samples)
during‘stogage at room temperature. From the statistical
't! test, it may be concluded that biocherical changes
were slower in higher proportion of fish-salt ratio

(1:2) as compared to 1:2 fish-sslt ratio and in control

samples (Table-18),

Iodine values varies according to the different
region of body from which the fat was obtained (Pear-

Even within a single muscle there may be syste-
matic difference in fat composition and constituents.,
As the percentage of fatty tissue in an animal increa-

ses, the percentage of intramuscular fat also tends to



incresse. Moreover, on a high plane of nutrition a
greater proportion of fat is synthesized from carbo-
hydrate and such fat has consequently a lower iodine
number. A high plane of nutrition increases the per-
centage of intramuscular fat and decreases the per-
centage of moisture. The moisturé content of muscle

may also be influenced by the nature of the diet.

The iodine value, showing reéulaf drop during
storage indicates a rapid degradation of fat. Storage
temperature affects the rate of changes of iodine
value during storage. In all the fish-salt ratio
samples including control samples iodine value
declined slowly. Fat degradation of fatty species \
becomes a predominent factor over the other deteriora-

tive changes (Mus lemuddin, et al., 1984).

Iodine wvalue of the lipid decreased from an
initial value during storage period. &n spproximate
estimate of the loss of polyunsaturated fatty acids,
based on the iodine values (Ackman, 1966) showed that
there was a loss of fodine vdlue. This is of high
significance from nutritional point of view. Delay in
storage will adversely affect the shelf-life of the .
product, The significant point was the sharp fell in
shelf-1ife fof the samples which were stored in szlt

media for more than a week. The apparent lower level
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of free fatty acid production in the samples observed
during this study may be due to the irreversible bind-
ing of the free fatty acids with the protein or due to
oxidative degradation caused by storage. Any further
delay in storage will reduce the shelf-life drastically.
Varela and Wojeiech (1956} found that there was an
iodine uptake by heake muscles during spoilage but the
amount depended on the‘physical state of the fish,
Iodine value varied with the species of the fish during
spoilage. Lujipen (1954b) reported that in salted herr-
ing fat showed no direct relation to the storage period
of tempergture. The samples showed higher percentage of
iodine value at the end of the storage period (26.78%)
at that tiﬁe fish sgmple were unacceptable by volatile
nitrogen values. The (1:1) fish—salé ratio samples were
moderately acceptable upto the end of storage period,
the corresponding iodine value was 25.87% (from % of
original value)., Higher proportion of salted (1:2)
were highly acceptable by measuring the TVN and TMA
values. From figs. 37 and 38, it may be
suggested that fish stored at room temperatu;e + 32°C
the higher proportion of salt would be suitable for
preservation of fatiy species like hilsa but due to
addition of excessive salt slight discolouration was
observed and zlters the physical appearence of the
product. On the basis of the present findings fish-
salt (1:2) would be better if fish is preserved after



dressing. It reduces alterstion in the biochemical
quality. Such samples were acceptablé in bio~-chemical
tests after 10 days of storszge without any protective

packaging meterials and at ordinary room temperature.

VARTATION OF pH VALUES OF SALTED SAMPLES

The vgriation of pH values in salted and unsalted
fish samples are shown in Fig. 37. Highest
pH values were observed in control sampies and lowest
pH values were observed in samples at 1:1 (fish:salt)
ratio. Fluctuation of pH values was observeé in samples
at 1:2 fish~salt ratio during the same storage period.
The pH values depend on sampling procedures and spoi=-

lage péttern of the particular portion of the fish
| samples. The high pH has been related to the breakdown
of tissues (Love et gl., 1969). A relatively higher pH
and percentage of proteinvisolubility indicated thst
moré denaturation had taken place which resulted in a
softer p:oduct. The initial fall of pH during the first
week of storage is quite marked in most of the samples.
The glycogen store would be depleted at the end of the
storage period. An explanation for the rise .in pH
during salting storasge and its subsequent fall is
perhaps easier to find if the reaction TiAO—> FA+DNA
is considered. The production of DMA will lead to a

pH rises since it is a basic compound. However, there
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will be a finite amount of TMAO which can decomposed

and if we consider that DMA may diffuse from the tissue,
at some point the loss of DMA will exceed its production
and hence the observed pH will fall. Similarly, the
formation of TMA from TMAO during the extended storsge
period may account for the differences in pH between

the samples., There are probably meny other metabolities
present which as a result of bacterizl spoilage are
affecting the pH. Washing out these basic material would
lead to the initial pH being lowered. However, the sub=-
sequent pH profiles would be very similar tc the un-
washed samples. Love gt gi., (1968) attributes soft-
ness in flesh to high pH, polyphosphates and long
periods in salting and temperature which bresks
myofibrils at Z - band. Fish in poor condition might

be expected to become less tough because of high pH.

Borgstrom (1965) reported that pH has little or
no significance as a reliatle index of the state of
freshness of the sample. pH showed no significant.
correlation with the onset of spoilage in fresh fish.
The chemical methods prOposeé to date for quality
evaluation depend mostly on the presence of one or
more products of degradation of the muscle consti-
tuents. pH increases in fish parallel to the increese
in the content of volatile oxidizable substances. pH

varies initially end it showed no real or significant



correlstion with the onset of spoilage in fresh fish
and salted fish. Dyer et al, (1944) suggested that pH
of the surface could be used as a rapid and sample

that for the degree of freshness. ?he usefulness of pH.
determinagtion is often greatly restricted for vitiated
by its veriability from sample tc sample and by its
cyclic fluctuations during the storage period. The pH
at initial stege of storage is higher around 7.0 giving
rise to a condition referred to as alkaline rigor. Salt
retard the spoilage and ul?imately higher proportion of
salted fish were found to be better in guality by
observing the lower pH values (Fig. 37)

Overall pH values were lower in less spoiled as well

as salted fish samples.

BIOCHEMICAL PRCPERTY CHANGES IN FISH MUSCLE
ON FREEZING & DRYING

VARIATIONS IN REHYDRATION RATIO AND PERCENTAGE OF

DORSAL AND VENTRAL MUSCLES OF LABEO ROHITA ON

SOAKING AFTER STORAGE AT 8°C AND DRYING
(FIGURES: 41, 42, 43, 44 AND 45)

It was observed from the gbove figures and table
that rehydration percentages depend on the length of
soaking period and different portion of fish. Higher
the length of soaking period higher is the percentage

of water gained. It was also observed that the dorsal
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portion of fishes gained higher percentage of water

as compared to the ventral portion.

The value Ef the rate of differences of rehydra-
tion ratio between ventral and dorsal muscles has been
shown in } Figs. 41, 428 45. It was observed
that as the length of soaking tissue was increased the
value of rehydration ratioc also increaged. Vaiues for
all the samples could not be recorded as few samples
disintegrated into pieces during soszking. Main czuses
for the variation was that the ventral portion contai-
ned this water and dried more as compared to the dorsal
portion. Overall, the rate of rehydration ratio values
were more in ventral muscles as compared to the dorsal

muscle,

CHANGES IN REHYDRATION RATIO & PERCENTAGE OF

DORSAL & VENTRAL MUSCLES OF LABEQ ROHITA ON

SOAKING AFTER STORAGE AT 8°C AND DRYING
(FIGS, 39, 40 ARD 46)

The rate of variation of rehydration percentage
between dorsal and ventral muscles has been shown in fio,
(at 24 hours of sozking period). It may be
said that from the average results the rehydration
ratio value decreased from the initial values.
Decrease was more in dorsal muscle as compared to the

ventral muscles. It was also observed that length of



storsge of individual samples at 0°C had effect on
water intske. The varistion of water intake depends

on storage temperature, length of storage before rehy-
dration, types of muscle, composition of the particular
muscle, length of sozking period and original moisture

content of the rgw msterizl.,

The water intske capacity of 0°C dorsal muscles
were 14% to 70%; 6 to 60%; 27 to 12% at 24, 48 and 72
hours of soaking perioé. The above values were found
in initial to final storage samples. The water intake
capacity of 0°C storesge ventral muscles were 13 to 14%;
8 to 63%; 8 to 10%; at 24, 48 and 72 hours in soaking.
The above values were found at the initial to final -

storage days at 0°C temperature,

From the initial to final storage deys at 8°C
temperature, the water intake capacity of ventral
muscle were 30 to 37%; 34 to 25%; 29 to 33% at 24, 48
and 72 hours of soaking period.\The water intake
capacity of dorsal muscle at the same storage period
and same soaking period were 18 ;o 39%;‘9 to 29% &

29 to 35% respectively.

On comparing the results of semples stored at
0°C ang 8°C, it is seen that average water intszke
capacity was higher in 0°C storage samples at the

same soaking period as compared to the 8°C storage
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samples. The 0°C storage sampies‘were less deterio-
rated as compared to the 8°C storage samples, water
intake capacity was better in better quality sample.

Water intake capacity was very less in spoilage samples.

VARIATIONS IN REHYDRATION RATIC & REHYDRATION
PERCENTAGE OF WHOLE HILSA FISH MUSCLE ON SOA-
KING AFTER STORAGE AND DRYING

Rehydration ratio and percentage are shown in
Table-10., Highest water intake capacity were observed
in «10°C storage samples at the end of storage days
(7 days). The values were 26.6 (rehydration %) and
1.19 (rehydration ratio) st 72 hours of soaking period.
The lowest rehydration percentage were 11.5 after 72
hqurs of soaking at 8°C storage samples at the end of
7 days of storage. The lowest rehydration ratio 0.90
was observed in 30°C storage ﬁamples at the end of 7

days storage after 72 hours of soaking period.

It is concluded that the results that lower
temperature of storage sample contained highest per-
centage of water, because the samples were less spoi-
led due to effect of lower ?gmperatufe. Spoiled
muscles were lcése. During spoilage the inter-locking
pattern of muscles were brokendown. Thus the water
intake capacity of the spoiled muscles was least.

When increases the length of storage was increased
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.at a particular storage temperature, muscles became

spoiled, as a result water intake capacity was compa-

ratively less from the initial water intake capacity.

Overall, lower temperature and length of soaking hours
had some effect on water intake. At higher temperature
of storage, the water intzke capacity was low in most

of the cases. It depends on the particular portion of

the fish samples and its original guslity and moisture
contents. Lower temperature {-10°C) fish samples were

better in water intake cgpacity among all the storesge

samples.

\

VARIATIONS IN REHYDRATION RATIO AND PERCENTAGE
OF WHOLE HILSA FISH SAMPLES ON SOAKING IN 5%
NaHCO3 SOLUTION AFTER STORAGE AT 0°C & DRYING

On soaking in 5% NaHCO3 for the rate of varia-
tions of rehydration at 72 and 48 after storage at 0°C

for 1=~23 days drying are shown in Figs.

33 and 34.

It can be concluded from the present results
that rate of cﬁemical inteke depend on soaking hours
and individual storage samples. Samples after longer
storage contained higher percentage of chemiéal as
compared to the shorter period of storasge samples.
Increase in the length of soaking hours correspond-

ingly increases the rate of chemical intake.
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COMPARATIVE ACCGUNT OF CHANGES IN REHYDRATION

RATIO & PERCENTAGE IN DORSAL & VENTRAL MUSCLES

OF HILSA IL1SHA, AFTER STORAGE AT 8°C AND 0°C

FOR MAXIMUM CF 13 DAYS AND DRYING ARE PRESEN-
TED IN TABLE-12

There were nc marked differences in rehydrat;on
and percentage in dorsal and ventral muscles at 8°C and
0°C of storage. Individual samples contained higher or
lower values. From average values it was observed that
dorsal muscle contained higher rehydration percentage
as compared to ventral muscle., 0°C storage samples
contained higher rehydration values as compared to 8°C
storage samples. The length of storage at both the
storage temperatures had effect on water uptake. The
spoiled samples gained less water. Pieces of fish
samples having more fat gained less water as compared

to lean samples {dorsal portion).

VARTATIONS IN REHYDRATION RATIO AND PERCENR-
TAGE OF DORSAL & VENTRAL MUSCLES OF HILSA

FISH ON SOAKING IN SALT AFTER STORAGE AND
DRYING

Dorsal and ventrel muscles of Hilsa were dipped
for 30 minutes in saturated 10% salt solution. After

that they were stored at room temperature for 1, 3, 5

_and 7 days. These were then dried in sun for 3 days

and soaked in saturated 10% salt solution for 24, 48
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and 72 hours. After 24 hours of soaking 10% salt
treated ventral samples showed highest rehydratlon
ratio (average 1.03). The ventral 10% salt treated
muscles contained highest rehydration ratio 0.97 after
72 hours of soaking. ’
\ Ventrel muscle samples, goaked in saturated
salt solution for 24 hours contéined\least (0.7) aver-

age rehydration rstio (Table-13).

,DISCUSSION

Dorsal muscle showed higher water content after
rehydration and also the highest rehydration retio
. which may be attributed to the fact that if took the
shortest time for drying compared to other samples.
Samples after freezing for sbofter duration shoﬁed
better rehydration capacity. ngples stored for longer
period of soaking was not desirable as it spoiled the
quality of the product. This was more ev1dent in the
case of ventrsl and dorsal muscle of the whole body

fish sample.

The product treated with 10% salt had the
grestest water binding capacity. 10% salt trezted
yielded a lighter coloured product than did the
others. Taste panel tests indicated that the saﬁples

had an acceptable flavour, closely resembling that



of traditional salted fish andfthat 10% salt treated
samples appeared to have the best texture, The results
sﬁggested that the addition of 10% salt by weight was
sufficient to yield a product witﬁ better properties.
The dried products were rehydrated at different length
of dipping‘time for thé determination of the rehydra-
tion property of the storage samples. The important
steps in the rehydration properties of the edible fish
muscles are 1. adjustment of pH of the soaking media to
improve the rehydration @roperfies, 2. determination of
rehydration capacity of the matérials with varying
contents of salt indicated that the salf rehydration
properties to any significant extents than soaking in

water,

Rehydration capacity of the product from all
species was good and did not show variation with thg
- degree of rehydration among thé differeﬁt samples.
The relative high moisture accelerates the deterio-
ration in ph&sical and bio~chemical changeé during
storage considering the value of trade of this
commodity and its steady increase it was felt nece-
ssary to workout a technique to improve its quality
and shelf-life. Temperature of storaée betﬁeen 0°C ‘
to 8°C does not markedly affect the rehydration of
certain samples. Toughness of fhe dehydrated fish‘is
found to b; related to swelling properties.
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Poulter snd Lawrie (1977) reported that fish
muscle extract pH was in range of 6.5 - 7.0 (pH) and
change during spoilage (Cutting, 1953). The biochemical
factors control the freshness and the spoilage patternm,
which in turn are due to difference in muscle composi-
tion, bound water and pH value. The preserving effect
of freezing, however is due to‘the extent of reduction
in rate of chemicéi and biochemical process, when the
temperature of the fish is lowered.lFreezing also
results in partial dehydration, which probably contri-
butes to its preserving effect. The rate of freezing
therefore, has long been considered of vital impor-
tance for obtaining the high quality product, slow
rate of freezing results in greater destruction of the

tissue than quick freezing.

THE RATE OF DEHYDRATION OF FREEZING
STORAGE SALTED MUSCLE TISSUE

The results of the variations in moisture
content of dorsal and ventral muscles of hilsa fish
due to effect of 1ow'tem§erature (8°C) and in combina-
tion of (1:2) fish-salt ratio are shown in
Figs. 29, 30, 3f and 32 respectively. The variation in
moisture content depends on the rate of penetration of
salt within thg fisﬁ muscle. Before preservation the

whole body fish samples contained 78.18% of moisture.
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The dorsal portion contained higher moisture
(from average value). The variation of moisture content
in dorsal and ventral fish muscle depends on species,
size, age and maturity of the fish. The rate of moisture
removél depends on the rate of sélt penetration. The
rate of'éenetration of salt depends on the body consti-
tuents. It was observed from the .~ . Figs. 29,
30, 31 and 32 that at 12 days of storage the dorsal
muscle contained 48.96% and the ventrsl 'muscle con-
tained 29,39% of moisture. Percentage loss of moisture
was higher in dorsal -muscle than in ventral muscles of
hilsa fish samples at 12 days storage. The rate of \
penetration of salt:was higher in dorsal muscle resul-
ting in removal of more moisture from dorsal muscle,
Similarly, the rate of penetration,df salt was lower
~ in ventral muscles due to body composition (higher fat
contents) resulting in low rate of moisture removal
from ventral portions of hilsa fish samples (Figs. 29.
to 32)

De Velle and Nickerson (1968) published a quick
salting process of fish that entailed (is grading fish
muscle with salt (ii) mixing the salt with fish to
remove water from fish and fish products and drying
fhe salted fish to give a stable product. Adding
excessive amount of salt higher than the minimum

resulted in removal of water from fish tissue.



‘ 221
Mendelsohn (1974) proposed another process where skine
less fillets were ground and mixed with saturated ‘
brine (1:1). As a result, extraction of water from the
muscle took place under the influence of osmotic
diffusion. As the salt penetrates deeper into the fish
flesh, the rate of water diffusion is reduced. Finally,
the~%ime_comes when the movement of water out from the
fish ceases cémpletely. This phenomena occurs before -
the ené/of salt penetration into the fish. The conse~
quence is a minor increase in'weight-of the fish at
the end of the salting period. After the salt concen-
trgtion in the cellular fluid of various parts of the
fish bod;r”reaches 15-20% the bound (absorption) water
reverts to a free state (Levanidov, 1960). As a result
of the transformation of water from the bound state to
the free state, a reduction in salt concentration takes
place in the cellular fluid of the fish, In fish-salt
mixing method the salt on the surface of the fish
prevents the brine frém becoming diluted. As it disso-
1ve§’in the water that comes out of the fish, an
“"additional quality of salt brine forms. Higher propor-
tion of salt prevents the spoilage of the inner layers
of the fish flesh. In this way large-sized and fatty
fishes can be slowly preserQ;d in salt. In the initial
state of salting the pre;erving brine is cold. Gradu~-
ally, depending on the degree of thawing the salt
penetrates into the fish flesh,
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The water removal or loss is accompanied by a
shrinkage which 1s not always ﬁnifofm. Salting has
great influence on the structural and mechanical
features of the fish muscle tissues. The findings
agree well with observation made by other workers. The
outer layer of the fish controls the rate of salt pene-
tration. At this stage a considerable decline occurs in
thelﬁeight of the fish. No profound chemical changes
have as yet taken places. The fish have the odour and
taste of a raw fish, Salt has not fully penetrated into
the inner layer of the fish miscle as well as the body
organs in the abdominal cavity. Theléomplex protein
bodies contribute to the absorption of water. It would
be more correct to assume that protein binding the
sodium chloride reduces the salt concentrstions in the
cellular fluid. This induces the additional movement of
salt molecules from the brine into the fish., The ripen~
ing of the salted fish results in the bio-chemical
process that causes the changes in chemical and
physico-chemical characteristics of the fiéh tissues.
These changes are induced by enzymes, which breakdown
both proteins and fats. The tissue struéture of the
muscles and body organs of the fish are also affected.
Some of the nitrogenous éﬁbgtances diffuses from the
fish into the salt brine. During salting, the exchange
of matter in the system is accomplished chiefly by the
movement of salt molecules but during the ripening

728
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p$riod nitrogenequs substances ghiefly of low molecular '

weight as well as fat pass from the fish into the brine,

The effect of the ratio of salt to fish and its
suitability to different samples of hilsa fish have
been examined. The bio-chemical changes by the effect
of different proportion of fish éalt ratio and their
quality criteria are reported in figures
Certain modifications like storing without any protec-
tive packaging materials and without dressing the fish

were adopted.

-

Dehydration by the action of salt in whole body
of small sizes hilsa fish muscles at 8°C temperature of
storage is easy to attain by thoroughly removing the
resulting bfine. The excess of salt and soluble compoun&s
originating from the fish would adversely influence the

stability of the product,

Freshly salted fish is almost natural in flavour
and remains, without additional drying, almost unchanged
for several days of storage at 8°C temperature if pro=-
perly protected. After desalting and proper rehydration
the texture ;f the fish fibers is acceptably soft,
kppliCation of higher concentrstion of salt does not
improve salting process and results in introduction of x
excessive amount of salt into the product. Most of the

product retained an acceptable in quality for a
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definite period when stored at 8°C temperature. During
storage at 8°C temperzture the physical appearence was
good,. the colour slightly varied, the flaveur and odowr
were slightly changed due to removal of water including
formaiion of various nitrogenous substances within the
fish body. The shelf-life of salted fatty fish is not

considerably extended beyond that of the dehydration.

Quality of salted fish is determined by type and
size of the fish, fat contents and salt penetration.
Salting of fatty fishes reduced the moisture content,
After salting at (1:2 fish-salt ratio) the shelf-life

of the product wés considered to be acceptable.

. The ratio of water to fish sustances correspon=
dingly to tﬁe water within the fish particles, obvivu=
sly decreases with the increasing temperature denatura-
tion of protein also increases. Under practical condi=~
tions of salting, approximately one half of the total
lipid of fish is removed with the brine so that their
amount is considerably reduced. Losses in protein will
depend on the amount of brine., Soluble protein can be
easily coegulated by heating the brine. However, the
effect of factors such as pH and selt concentration -
must be first investigated and the opfimum condition
of filteration and‘dehydration established.

\
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The main disadvantages of the process is that
the product is heavily salted. In essence we wanted to
produce a salted fish that would retain some of the
functional properties of the prbtein. Duerr and Dyer
(1952) reported that study of the denaturation of cod
muscle protein by sodium chloride shows that the ‘
myosin fraction is denatured when a critical concen-
tration about 8 to 10¥ in the . muscle is reached. Para-
llelling the rapid denaturation a sudden increasse of
salt uptake and of moisture loss occurs (Figs. 29 to
32) : From the observation, we considered
it possible to produce lightly salted fish with suffi-
cient functional properties. An experiment was desi-
gned to determine the effects of salt (1:2) fish-salt
ratio to small sizes fish species. Key factor consi~
dered in the study was water release by the action of
(1:2) fishesalt ratio at 8°C temperéture of storage
for 16 days. The variations of moisture contents in
dorsal and ventral muscle were observed and total loss
from percentage of original moisture content were cal-
culated at definite period of storage days (Figs. 29
to 32)., For comparative purpose the variation in
moisture content of salted dorsal and ventral muscle
tissues of hilsa fish at 8°C temperature of storage
were subjected to a series of laboratory test. This
findings will be helpful for preservation of fatty
fish by salting of small sizes hilsa fish and also
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helpful for long‘term storage and\to determiﬁe the
rate of penetration of salt in particular portions
(dorsal and ventral muscle). On the basis of the
present findings, it may be conciuded and recommended
.that gt the time of sbundantly patching of hilsa fish,
especially monsoon season 1:2 fish-salt ratio were
given a better quality ﬁréduct for long term storaée

without deteriorztion.

The higher storage temperature (8°C) are some-
times used in order to accelerate the ripening. The
rate of deterioration were slow in heavy salted fish
(1:2 fish-salt ratio).(In ventral portion the rate of
spoilage was faéter than the dorsal portion. The
oxidative changes in the fat during salting and pre-
servation of the fish are clearly noticeable. Fish
can be brined for an extended period to give a product
with a higher salt content and hence a longer storage
life. High salt content would be the most important

means of lowering the water activity of the product.

SHELF-LIFE MEASUREMENT OF MARINE & FRESH WATER
FISHES BY RELATIVE RATE OF SPOILAGE CHART:

1

(TABLE No, 18: FRESH WATER FISH LABEO ROHITA AND
TABLE-19 FOR MARINE FISH RASTRELLIGER KANAGURTA)

From table-18, it can be seen that storage



a0 e DUPM\MOU

*(soToads J@3BM USaJIJ) BITUOI O8GET 4

V *gaosnw USTY FO
w3 QOL/N*Sw 9°*L 03 G° 1 woay sduex senTea NAL 807 £q paansesw ‘A3TTTqeidedOR TROTWSUO-OTq JO FTUTT x

(sotTosnm ystF Jo wd OOL/N* Sw ‘usfoalTu STTIRTOA TBIOL) 8anjexadwsal D.0 3B sanTeA (NAI*L) 307 «

_
|
|
|

69°¢CL 28°2L G6°LL 60°LL 1LZ*OL Gg*6 8%*8  29°L GL'9 88°'G L0°G  GL*w  l2t¢ in°e
ZL'CL 62°2L 9h*LL €9°0L 64°6 968 £L°8 OL'%  L§f9 #9°G 08'%  L6°C wL°¢ Lete
G6*2L SL°2L LE*LL 68°0L /9°6 G388 £0°'8 02°L 8£°9 9G6°¢ iy 26°¢ OL°¢ 82'2
26*LL L6°6 166 G2°6 25’8 08°L 89°L S&'9  £9°6 06*% 8l 9v'¢ gL' 10°2
gL'zl 8¢°LL L9°0L #8°'6 /19°6 0¢°8 £6°L 9L'9 66°G 226 Gr'y  89°¢ | 16°¢ 712
G6G*'2L 9°LL 96°0L LL*OL g6 Llg8  8L'L 86°9 61°9 6¢°¢  09°% 08°¢ 09°¢ 122
90°¢L 42°2L Ly°0OL 8G'OL GL°6 26°8 60°8 I2°L M9 0£°Z  6L'wm  96°¢C  gcl°¢ 0¢°2
/8*8 0¢*8 %A, 8L*L 19'9 G9°9  6¥°G ¢6'H  LlLth I8¢ H2'¢  89°c  ¢ZL°¢C 96° 1L
20'8 GG,  H0°L  £6'9 20°9 LGS 66'%7  ey'h  B86°¢  9h*e  G6°C  ewte L6l <L
/8°9  H#H'9  00°9 LGS ¢L°G  Ol'q  92°%  28°¢ 6£°¢ G662 262 80*Z S9°L Lz*L

Dol l Doll Doll D00l  Dob Dol Dol D09 Db Doty Dok Ded Dol

t

! sAep a8ea03s yO yY3zSusT JUSIDIFTP 38 8Feaols Jo aanjexadwsiy cduay 900
o0 38 sanTea ﬁmmohpﬂs 8qT3eToA TB303 S0T uo paseq ‘sanfea PI3BINOTEO BYJL « 18 sanyTBA m
*sAep afeto3s Jo Y3SusT JUSISIITP 3e NAL 3o !
aanjeasdwss a3BI03S oomm 01 Dol 3B USTII BaTUOX O3qer Fo uoTqrsodwmoddP JO 33BX 3YJ « PIAISSQQ

]

- W W o o S A GO A S GO e T WD W W GRS N T ARG W W Wy G S T T DR Sl St S S T W W A e S IS S W Su S SPR W P — - - "l"llll."-"l!'ll'llll-llo.ll-ll"l""“\“

ﬂ %0

# . *gfep 9feJo0qs Jo Y3FUIT JUSBISIITP
38 88ea038 Fo aanjeasdwel DeG2 03 Dol 1B BATHOX 08GET] JO jusBwsSJINSeaw 3ITT~FToUS

|




wd O0L/N*8w g*| 0% m.v woay 93uea
(seTosvu UYSTF, wo wd Q0L /N*3u

sanTeA NAL Jo7 Aq paansesu ‘Ayrrrqeidadoe
fuadoxqTu STTIR(CA T®10J) danjeradudy D00

*(so109ds Jo3EM US9JII) BITUOI 05QBT »
*SOTOSTW YSTY JO

TeOTWdYO~0Tq JO JTUWTT » :
3e sanTea (NAL+L) J0T »

oL*¢e 6.°02 9¢°22 Iy*lZz €9°02 9L°6L 68°8L £0°8L 9L°LL 62°9L 2%°GL 9G°yl e
08°22 /2*22 wm*lc 1902 ALL*6L %6°8L LL*glhk B82°LL G¥°9L GG6°G6L 8L°WL G66°¢l be 2 L
‘08°22 ©86°L2 9L°LZ 9L°LZ 25°6L 0.°8L 88 AL G9°LL £2°9L iyl 66wl LL°CL ST ARA Gl
oL*02 8£°6lL G9°8L €6°LL 2°LL 8%*9L 9.L°GL <CO0°GL LeHL 6G°El 98°CL #wi°2L '10*¢ ¢l
oy*ie €9°02 wm.mw 60°6L 2¢°Sl GG*LL 8L°9L 00°9L H2°GlL Iyl 0OL°¢L €£6°2L wL*e 1!
T0L"22Z 0£%iZ 1G0Z [9°6L 268l 2L'8L LAl £6°9L MA'GL H6°hL HlhL GEClL 122 6
0o*ge Litee qm.ew netle 69°6L 98°8L £0°8lL 02°LL B8L°9L GG°GL 2L°%lL 68°¢l 0¢*¢ L
09°GL ¢0°GL wq.qw 86°¢l 9¢°clL 6L%°2L €2°2L l9°LL LL°LL G&°OL 86°6 . 2h°*6 96 L 4
027l 69°CL 8L°¢l l9°zL gL*2L #9*LL ¢i*LL 29°0L LL°OL 09°6 60°6 84¢°S et ¢
OL*clt 99°LL mw.rw 64°0L 8C¢°0OL 26°6 64*6 G0°6 ¢29°8 8L'g GL*L el Le* L BT
D062 Do¥2 oommm D022 Dol 02002  De6L  D208L  Doll D091 JeGl  Detrl
" wzmv 23BJ09S JO Y33udT JUBIITIITP 3B 3FeI03S JO danjeradudi 500 *dwdy 060
18 mm:Hm> ua8013TU 90T4BTOA TB303 J0T uO DPIseq *SonTBA PI3BTNOTED YT 38 sanrea (SAx
*sfep afeJols Jo yYjzfusT JuSISTITP je asanjeaadumai NAL 3071 POTJ
mmmpopmMOomm 01 Dol 2B swﬂw B1TYOI 03QBT JO uOT3TS0odWoOsp IO 33ea ayJ pPaAJIdsSqQ 8Feu
| T
M (panutiuo)) : gL~8Tq
- ]




wS Q0L/N"8w 9L 03 G°| woxy 8Juea
(seTosnw ysty . Jyo wd Q0L /N*Tuw

sonTea NATL Fo1 Aq paanseaw fAqrTTqRideoce
fusdoagTu 9TTIR(CA T®10]) danjexadwdl 5,0

*(soToads Jojem USaJI]) BITUOI O3QET

*S9TOSNW YSTI IO
TEeOTWSYO=0Tq JO ITWIT

38 sanTeA (NAI*L) F07 &

!
w

{
i

OL*¢e 6.°02 9¢°¢Z Iy*le £9°0C 9.4°6L 68°8L £0°8L 9L°LL 62°9L 2y°GL 96°#l e 6L
08°2¢ lg*2g #nw*lc 1902 Li°6L %6°8lL LL*glk 82°LL G¥°9L GG°GL 8L°HL G6°¢l Leee L
08°2Z 86°LZ 9L*LZ 9L*lz 26°6L 0L°8lL 88°LL G9°LL €2°9L Lh°GL 66°%L  Llgl 8e¢°¢ =48
oL*0C 8L*6L 69°8lL €6°LL LZ2°LL 8%7*9L 9L*GL €O0°GL eyl 6G°CL 98*2L #L°ZL ‘Lo°e cL
O%*le ¢9°0¢ mm.mw 60°6L 2¢°8lL GG°LL 8L°9L 00°9L #H2°Sl Iiw*#l 0OL°¢lL €6°2L w7i*e L
OL*22 0¢*ite LG*02 [9°6L 26°SlL 2i*8l £6°LL €6°9L #A°GL w6°hyL #l°wL GE°¢L le*e 6
00*¢e  Litee qm.rw wetle 69°6L 98°8L €0°8L 02°LL 9£°9L 6G*'GL 2l'wl 68*¢l 02 L
09°GL <£0°6L m¢.¢w 86°¢l 9¢*cl 64°CL €2°2L L9°LL LL*LL GG8°OL 86°6 2y°6 96° L S
0g*yL 69°¢l 8i*cl L9°2L 9L°*2ZL #9°LL €L°LL 29°0L LL°OL 09°6 60°6 85'8 4/ a2 ¢
OL*2L 99°LL £2°LL 64°0L B8£°0L 26°6 6%°6 G0°6 29°8 8L°8 GL°L 1g*L XA eT3TUL
DoG2 Dohrd UOMN‘ oL YAA o'} T4 D002 DoblL Do8L Ooll J091L D061l JoW7l
sAep 2Fe03S JO Y3BudsT JUSIBFITP 3B 9FBI03S JO danjexaduwdy 000 . *dwa] D60
38 saneA usSoJ1TU IOTFETOA TE303 J0T UO PaSeq SanTeA Pa3eTNOTBD 8yl 3B sanieA (sAep)
*sfep afeaoqs Jo Yl9udT JUSISIIIP 3B aanjexadmoq NAL 801 potaad
mmm&opm_UomN 03 Dol 38 USTI B3TUOI 03QEBT JO uo0T3TSoduwod2p JO d3BI YT, « paagxasqQ  39eao3g
| s
W (penuTiuop) : gL-3Tqey



235

tempefature has a significant éffect on the changes

of the ratg of deterioration during storage and preser-
vation at particular storage téméeraturés (1°C to 25°C),
" The higher the storage temperature, the rate’bf formg-
tion of total volatile nitrogen was also higher, Totel
volatile nitrogen value gradually increases from lower
to higher degree of storage temperature (1°C to 25°C),
The value gradually rises with increédse in length of

storage period.

It is clear from the present results that when
storege temperature was increased TVN value also showed
increase. Higher TVN values indicate the sign of higher
spoilage during storage. The rete of increase depends
on the storage temperature and length of period of
storage. At the initial period of storage, the rise of
TVN values was véry slowlbut after certain period of
storage (one week)the increase of TVN values was more
rapid during the remaining period of storage. Overall,

the pattern of increase of TVN value was linear.

Storage temperature and length of storage period
has a significant effect on fish decomposition. In
addition other associate factors are washing, handling,
micro-organisms and self-degradation by enzymetic action
dﬁring stérage and preservation. From bio-chemical (TVN)

values, fish acceptability were measured during storage



at a particular storage temperature and different

length of storage period.

Length of storage period has some effect on the
deteriorative changes of Rasfrelliger kang urta,‘marine
species'during~storage at various storage températures;
The rate of differences o?*log trimethylé amine value
from 1 day to 39 days of storage at 1°C to 25°C are
shown in Table 19,

With higher storage temperature the rate of
formation of TMA was higher. The rate of variation of
TMA from lower to higher storage temperatures was very
less. But in comparison with different storage tempera-
tures, there was a marked difference in TMA value,
specially at higher storage temperatures the rate of
variation of TMA formation in the different length of
storage period was observed. It was also found that
after one week of sforage at 0°C storage’temperature

the value of TMA gradually rises at the end of storage

period.

The effect of length of storage and storage
temperature both are important factors in deteriora-

tion of the fish samples,

Sometimes, physically the fish samples were
acceptable in condition but biochemically the samples



were unacceptable. Ihe low temperature of storage
retard the spoilage slightly but not totally. The knowf
ledge of deterioration would be useful for identifica-
tion of the consumer ecceptability. It is easy to
identify the bio-chemical acceptability of fishes by
using the relative rate of spoilage chart: The chart

- .would glso be helpful for measurement of the storaée
life of fishes at different storage temperatures for

different length of storage period.

LIMIT OF ACCEPTABILITY

According to Spencer and Baines (1964) the
effect of temperature (Q) on the rate of spoilage (u)
stored was found to be approximstely linear and expre=-

ssible in the. form U = V(1 + C,Q), where U = spoilage

rate (spoilage unit/day) at temperasture Q. Q = storage -

temperature (1°C to 25°C temperature), U = spoilage
rate at 0°C (observed standard spoilage‘rate), C = tem-
perature effect (the average value of C = 0.36).
Spoilage is measured by TMA. The ;inear temperature
response 'C' is measured by relative increase in spoi-
lage rate per degree above 0°C, and is therefore

independent of the units in which spoilage is measured.

The relative rate of spoilage was calculated by

the log TMA and TVN values in marine and fresh water

i
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species. In marine fishes, Shewan and Ehrenberg (1557)
considers only TMA values for measurement of the
freshness. In the present study values of TVN in Labeo
rohita species was alsé carried out. According to the
log formula of Shewan and Ehrenberg~(1957) (10 X log
(1 + TVN) and 10 X log(1 + THA)) were used. The values
increase linearly witn storage time and with the
storage tempefature (1°C to 25°C). Temperature effect
vary from species to species. Hence, variastions in the

results of TVN and TMA parameters were observed.

Trimethyl¢ amine oxide is wi&ely distributed in

marine species and the significant variation of THA

238

values during storage were reported by many researchers.

Bio-synthesis of TMAO in fish proceeds ‘possibly
through glycine betaine, choline and TMA (Watt end
- Watts, 1974). More TMA is produced from TMAO by bacte~
rial section then by fish tissue enzymes. TMA is
clearly an important fector in imparting fishy odour
(Jones and Billinski, 1967a). TMA levels are usually
much lower than TMAO levels in fresh fish muscles. An
increase of TMA content of a level 8'mg.N/1OO gm
followed by & repid rise to 37 mg.N/100 gm after 16
days, indicates increased spoilage. Dyer and Dyer '
(1949) reported that TMA level was 4 to 5 in spoilage
fillets and 15 to 30 or more in the spoiled materials.

The low temperature effectively inhibited the
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production of TMA throughout the storage period.

The fish samples are acceptable if TVN does not
exceed 16‘5 to 19.7 mg.N/100 gm (Pearson and Muslemu-
ddin, 1968). Fish can be considered as fresh if the
amount of TVN is less than 20 mg.N/100 gm, Fish is
stale when the value of TVN exceed of 30 mg.N/%OO.gm
of fish muscle. The 30 mg.N/100 gm is considered the
upper limit of acceptability (Pearson, 1976). Kimura
and Kiamikev®d (1939) recommended that basic nitrogen
levels per 100 gm of fish as 10 mg or less for fresh
fish, 20 te 30 mg for beginning of spoilage, and over
30 mg.N/100 gm for spoiled fish. Tanikawa and AKibG,
(1955) suggested that 2O mg VBﬁ/1OO gm as the upper
limit for fresh crab meat. Kawsbata (1953b) reported
that 30 mg VBN/100 gm as the upper limit for fresh-
ness. Wierzhochowski (1956) éuggested that 30 to 40
mg.N/100 gm as the upper limit of freshness for fresh
weter fish and 60 mg.N/100 gm as the limit of marine
fish. ‘

Castell et al., (1958) reported that TMA value
0 to 1.0 indicates good quality fish. TMA vealue 1 to
5.0 indicates poorer quality fish, but still fit for
human consumption., Where the TMA value exceeds 5, the
fish has reached a condition that is considered unfit

for processing. TMA values of the fish muscle have a



very significant correlation with the storage time.
Hoogland (1958) expressed TMA as log (1 + TMA value).
Variation of TMA is due to TMAO originally present in
the fish and differences in the bacterial flora. The
present findings indicated that the samples were
'acceptable in quality in all and every respect of the

given set of experimental conditions.

STORAGE LIFE OF FISHES AT PARTICULAR STORAGE
TEMPERATURES & DEFINITE LENGTH OF STORAGE
PERIOD IN DAYS

Shelf-life of fishes depends on many factors,
types of the fish, storege témperatureé, length of
storage period and bio-chemical factors. Breakdown of
the trimethylg¢ amine oxide, production of volatile
nitrogen, volatile acid etc. by the action of associ-
‘ated micro-organisms and externel environmental
bacteria, fish enzymes etc. For gxtension.of shelf-
life of fishes, it is necessary to know the actusl
causes of fish spoilage and how it can be prevented.
The low.temperature have a profound effect on the
- extension of shelf;life of fishes but it is necessary
to know the rate of decomposition and deterioration

at particular storage temperature.

It is also important to know the pattern of

spoilage in marine and fresh water fishes. These

i



finding would be useful for the extension of shelf-life
of fishes at desirable storage temperature. Basic bio-
chemical deterioration results would be helpful for
long~term preservetion of fishes. Without knowing the
range of the bio-chemical acceptability of particulaf
fishes in definite period of storage at definite'degree
of storage témperaturés, it is impossible to measure
the storage life of the fishes. From the range of bio~
chemical acceﬁtability value, it is easy to measure

the scientific\acceptability of particular fish gpecies.

Various fishery researchers suggested various
methods, pointing out the causes of spoilage and limit
of scientific acceptability of the locally available
fish species. In the present study the shelf-life was
caléulated using marine species Rastrelliger kanagurta
(Table-19) and fresh water fish species Labeo rohita
(Table-~18). A 1limit of acceptability has been reported
on the basis of this findings, on measurement of
storage life of R. kanagurta and L. rohita at 1°C to
25°C storage temperatures for 39 and 19 days of
storage period respectively. No information is avail-
able for the measurement of shelf-life of fishes
stored at 1°C to 25°C and for different period of

storage..

The effects of temperature on spoilage have
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been recorded for a variety of fishes (CastellAand Mac~
. Callum, 1950; Lujipen, 1958; Cutting et al., 1953);
various expression have been used to characterize these
effects, such as a linear relation between'rate of

spéilage and temperature (Mossel and Ingram, .1955).,

Maintaining a constant temperature is very
importént because even at a low temperature, small
amount of water remains liquid in the cell fissues,
where it completely freeze only at ﬁigh negative tempe~
rature, Fluctuation of temperatgre may increase the
amount of unfrozen liquid and as the temperature
decreases causes it is precipifate in the form of
ice-crystal to the deteriment of the frozen food.
Temperature fluctuatiqns also causes increased evapo~
rationgs. In addition, it is possible to obtain scien-
tifically exact information concerning faf oxidation
enzyme activity, texture, abs&rption of light and
proteins bréakdowna Such determinations are‘however,
too complicaﬁed and time consuming to be used for on

the spot inspection.

In recent yvear the scope of the method for low
temperature fish has been further explored (Pearson
and!(ﬁslemuddin, 1969,a): The TVN increases only
slowly during the chilled storage of most fresh water
fish (Nair et gl., 1971). In species such as most
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marine fish and pike among the fresh water fish, which

contained substantial amounts for TMAO, the determina-
tion of the degradation product, TMA has been used

extensively as a more specific index of spoilage.

The relative rate of spoilage chart from 1°C to
25¢C 1s shown in Tables 18 and 19. From which the
deteriorative changes of the fishés could be measured

in the related fish species.



