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ABSTRACT

BraTLAND, P., KrisunAN, S. and Sunpnes, G. 1976. Studies on the long term storage of
living saithe, Pollachius virens Linnaeus, 1758. FiskDir. Skr. Ser. HavUnders., 16: 279 —300.

In order to observe how far muscle nutrition is affected during long term starvation,
saithe were stored under natural and laboratory conditions. The results show that
changes in the liver and condition indices were similar under both conditions. The ana-
lyses of protein, water, lipids, carbohydrates and ash content indicate that in the white
muscle there is a loss of protein during starvation. The protein loss is replaced by water.
Such a correlation was not found in red mucsle. There was no definite trend in carbo-
hydrate and ash content of muscles with advance of starvation. The overall picture of the
various chemical analyses shows that the organic material from white muscle is mobi-
fised when the saithe are starved, whereas there is little change in the red muscle.

INTRODUCTION

Ever since the beginning of this century live saithe have been trans-
ported and stored and live animals have been sold on the domestic
market. In recent years the annual catch of saithe has increased consid-
erably and the fillet industry has grown to be one of the largest purchaser
of live saithe.

The catch quantity of saithe fluctuates seasonally and these fluctua-
tions affect the fillet industry’s production. During the summer season the
offer (supply) of saithe to the fillet industry is greater than the processing
capacity. Therefore, in order to obtain an optimum use of the resource
a buffer between the catching and the processing sectors is required. In
practice, buffering is effected by storing the surplus quantity of saithe and

#Contribution No. 190. Biological station, Trondheim, Norway.

% Present address: National Institute of Oceanography, Dona Paula, Goa 403301,
India.




280

using this surplus to supply the fillet industry during those periods when
the catch level is lower than the industry’s receiving capacity. It is of
great importance, therefore, to store saithe efficiently during these times
of large surplus catches either as frozen fish or as living fish held in
seines.

One of the chief aims in developing an efficient storage technique is to
keep the cost to a minimum. In this respect storage of living saithe has
appreciable advantage over freezing, especially when the animals are
stored without feeding. Such conditions do not impose unnatural stress as
fish in the wild experience starvation in the course of natural cycles of food
availability. In our latitudes fish usually have a good supply of food
during the summer months while during the winter months they live
chiefly on stored nutrition in the body tissues, especially the liver. It is
this cycle which is desired to exploit. Under a well planned storage
programme it should be possible to hold saithe in seines for periods of up
to three months with little detriment to musculature, or in other words,
the fillet.

It is normal to find that fish in poor condition have greater water
content in the tissue than healthy fish (Love 1960, Jomwnston and
GorpspiNg 1973). This cannot be registered by measurement of the fish’s
condition based on a length-weight relationship alone. For examphe,
salmon migrating up-stream have the same conditon factor during the
entire journey, however, protein is successively replaced by water as the
fish swim up-river (GREENE 1919, PARKER and VansToNE 1966).

It was of interest to know whether a similar change in quality would
occur in saithe during a complete absence of feeding.

The experiments described here were carried out to investigate bio-
chemical changes in musculature of living saithe stored under various
conditions.

MATERIALS AND METHODS

The experiments were performed on purse seine caught saithe.

The experimental conditions of storage in fjords and laboratory tanks
with circulation of sea water of constant temperature and salinity were
chosen to determine the effects of storage. Table 1 gives the details of
experimental conditions. Fig. 1 shows the locations of the field experi-
ments.

Ten samples were taken at intervals of ten days from the fjords
(except at Lepspy where samples were taken weekly), and in the labora-
tory experiments samples were taken each week. Samples from Leines
and Serey were frozen for transportation. Samples from Lepsgy and from
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Fig. 1. Localities of saithe storing experiments.

the laboratory experiments were analysed fresh. In order to observe the
rate of recovery after starvation the fish were fed for four weeks after
twelve weeks of starvation in the lab. *74 set of experiments.

Pieces of muscle for the biochemical analyses were cut from the lateral
side just above the ventral fin. Red and white muscles were analysed
separately in samples from Sergy fjord and from the lab. ’74 experi-
ment.

The water content was measured by weighing the samples before and
after drying at 75°C in a hot air oven. Biochemical analyses were carried
out on dry tissue samples,




Table 1. Storage conditions during the starvation experiments on saithe.

Locality and Storage Temperature Salinity Quantity Seine Density Weight range
time of year ime range and mean (%) stored volume factor an?l mean
temperature (°C) (Q) (Kg) (S) (m?) (Q/S) weight (g)
Lepsoy (Bergen) 25 Nov 1972 — 7.2—4.7 31.00 500 100 5.00 300— 600
Winter 28 Feb 1973 6 410
Leines (Bode) 15 Aug 1973 — 9.0—-4.0 32.60 80.000 1.700 4.80 350— 700
Fall 11 May 1974 6.7 470
Serey (Hammerfest) 6.4—4.0 33.25 170.000 31.820 5.30 40002000
Fall 5.1 1550
Lab. exp. (Bergen) 8.5 34.00 75 750% 10.00 300— 400
Spring 340
Lab. exp. (Bergen) 8.5 34.00 350 3.500* 10.00 3001100
Spring 700

* In case of laboratory experiments the volume of the tank was taken to calculate the density factor (Q/S).

48¢
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The muscle samples were analysed for total protein, carbohydrate and
lipid content. Protein was analysed either by the KjeLpaaL or by the
modified Brurer method (Raymont, Austin and LinrorD 1964). Total
sugars were estimated by the phenol-sulphuric acid method (DuBoss et al.
1956). Total lipids were extracted using a mixture of methanolchloro-
form (RAayMONT et al. 1964). Ash was measured by burning the tissues in a
mutffle furnace at 600°C for ten to twelve hours.

The coudition of the fish was measured in terms of liver index (L)
where

wet weight of liver
~ wet weight ot body
weight
- weight?

X 100, and conditon index (C) where

X 1000. The liver index was also compared with water,

protein and lipid content of muscle. Water content of muscle was com-
pared with the protein and lipid content, and protein was compared
with lipids.

RESULTS

The data for the condition index show that there was slight decrease
in condition in all fish except for those from Seray. These were in the best
conditon at the beginning of the experiment as indicated by data for both
condition index and liver index (Fig. 2 and 3). Liver index was directly
correlated with conditon index except for Serey fish (Fig. 4).

In fish stored in the fjord at Sergy and Lepsey there was a negligible
increase of water in the white muscle compared to the fish stored at
Leines where there was heavy increase. Also in the laboratory experi-
ments there was an increase of water in white muscle (Fig. 5). Red
muscle on the other hand showed a decreasing water content during the
experiment.

In three of the five experiments (i.e. lab. 73, lab. 74 and Leines)
there was an inverse correlation between water content of white muscle
and liver index (Fig. 6). This is also reflected when compared with condi-
tion index (Fig. 7).

Protein content of white muscle in fish stored in the fjords decreased
by less than 1.59, during starvation, except for the fish from Leines
(Fig. 8), where the decrease was highly pronounced. There was direct
correlation between protein content of white muscle and liver index
(Fig. 9) and between protein and water content (Fig. 10). The protein
content of red muscle decreased during starvation in Sergy fish, but
increased in lab. *74 fish.
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Fig. 2. Saithe condition index (C) during prolonged starvation. Arrow indicates the
start of feeding.

Changes in carbohydrate content of white muscle did not show the
same trend in all the experiments. There was a decrease in carbohydrate
for fish from Leines and from the lab. ’73 experiment, an increase in
Serey fish and no significant change in fish from Lepsgy and in the lab.
*74 experiment (Fig. 11).
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Fig. 3. Changes in liver index (L) during starvation. Arrow indicates the start of feeding.

Lipid content of both white and red muscles increased in all cases,
except for white muscle lipid in fish from Serey and the lab. *74 experi-
ment (Fig. 12). The precentage increase of lipid in red muscle was greater
than for white muscle and was inversely correlated with water content
(Fig. 13). An inverse correlation was observed when a comparative graph
was made with liver index versus lipid in the case of red muscle and in the
case of white muscle from Lepsay fish (Fig. 14).

The ash content of the fish from Leines, Lepsoy and the lab. *73
experiment decreased during starvation. In the lab. *74 experiment there
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was no significant change in percentage ash content of either red or
white muscle during starvation, or when feeding was started after twelve
weeks of starvation. In fish from Serey ash content of white muscle in-
creased whereas ash content of red muscle decreased (Fig. 15.) Water
‘content was inversely, correlated with ash content only in the case of fish
from Leines and the lab. ’73 experiment (Fig. 16).
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DISCUSSION

These experiments on the prolonged starvation of saithe under natural
and laboratory conditions have given diversified results. Considering the
fish stored in fjords, there was a marked decline in the liver index in all
three fjords. Fish stored at Serey had the highest liver index (8 —10) at
the start of the experiment, and in this group the rate of decline of liver
index was greatest. This cannot be attributed to temperature since the
mean temperature was the same (4 1°C) in all experiments. There was
a similar decline in the liver index among fish held in the laboratory
during summer 1973 and spring 1974, and this was slightly more marked
in the summer. Even though the fish were fed after twelve weeks of starva-
tion, after four weeks of feeding they still did not recover their original
liver condition.

The change in condition index during starvation was similar in all fish
except for those stored at Seroy. This discrepancy in Serey fish may be due
to sampling error in the first Sgroy sample. Both liver and condition
indexes of fish in the lab. 74 experiment did not seem to reach the original
level after four weeks of feeding.

The earlier works on fatty and non-fatty fish show that water content
of muscle increases during starvation and migration. It has been reported
by IpLER and Binters (1959) that the water content of the muscle of
sockeye salmon (Onchorhynchus nerka) increases by about 20%, during
up-stream migration. During starvation 86 —88 9, water has been record-
ed in the muscle of the non-fatty fish cod (Gadus morhua) (Love 1958,
Surrton 1968), and 96 %, water was reported in the muscle of Hippoglossus
platessoides (TEMPLEMAN and AnprEWs 1956). Compared to these values
the increase of water in muscle tissue of saithe during starvation is less
than the levels reported previously for non-fatty fish. In normal saithe
the water content ranges from 78 —829,, in these experiments it rose by
only 2—49,. The water content seemed to be steady only in the Lepsoy
stock of fish. This may be due to a low water temperature prevailing in
that region (6°C) during the experimentation period or the metabolic
rate of the fish being at a minimum. Due to the latter, the requirement for
mobilization of protein from the muscle would have been less and hence
the increase of water would appear to be small.

The analyses of red muscle showed a decrease in water content of
2—49,. This result is not in agreement with findings of JornsToNE and
Gorpspink (1973), who reported an increase in the water content of red
muscles of plaice (Pleuronectes platessa) during starvation,

Reviewing the changes in the chemical constituents of fish during
starvation and migration, Love (1970) states that the impact of starvation




298

is felt sooner in active than in sluggish fish. Such an effect is seen in saithe
which are active fish. In the experiments in Leines fjord the protein level
fell by 4.5%, wet flesh. The protein content decreased from 18.59%, to
14.0%,. A rapid decline in protein was also recorded in the laboratory fish
experiments. The reason for the rapid decline in the laboratory fish pro-
tein may be the higher mean temperature in the laboratory experiments
which probably resulted in a higher metabolic rate. The rapid decline in
protein content of the fish stored at Leines may be due to the fact that
these fish were smaller in size than those stored at Sersy and Lepsay,
and therefore the metabolic rate per unit weight could have been higher
than in the larger fish, and depletion of reserves would therefore be more
rapid.

The main conclusion is that the low liver index at the beginning of the
experiment in Leines fjord indicated that these fish were unsuitable for
storage (BraTrLanp, Krisunan and Sunpnes 1974). The liver is the
energy resource to a certain level beyond which the depletion of the
muscular tissue increases.

A correlation was also observed between white muscle protein and

liver index though no such correlation was found for red muscle. In the
Serey fish the results were similar to those for white muscle, whereas in the
laboratory experiments the trends were in reverse. The reason may be
that protein is not released from red muscle during starvation. This was
observed by Jornston and Gorprink (1973) on plaice. A protein-water
relationship was found only in the red muscle of the Seray stock, but the
liver index-red muscle relationship of this stock was found in neither
group. In general there seems to be a good protein-water relationship for
both the types. of muscle. This observation agrees with that of Love
(1970). :
There was no significant change in carbohydrate content of red or
white muscle during starvation, which indicates that the carbohydrates
in the muscle tissue of saithe do not serve as a source of energy during
starvation. Similarly, the results for lipid content show that muscle lipid is
not mobilized during starvation.

The fact that cod, as stated by Love (1970) utilize liver lipids during
starvation could also refer to saithe. Even though a higher quantity of
lipids was recorded in the red muscle, the amount did not seem to decrease
with advancing starvation. However, a good fat-water relationship was
observed for the red muscle. There were inverse relationships for which no
explanations were found between liver index and lipid in the red muscle
and between liver index and lipid in white muscle of the Seray tish.

From chemical analyses carried out on red and white muscles it
becomes obvious that the former contribute less organic material during
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starvation than the latter. Warker (1971), working on the effect of
starvation on the skeletal muscle fibres of cod (Gadus morhua) and saithe
(Gadus Pollachius virens), concluded that “during such periods or at times
of food shortage, it is the white fibres that atrophy, the red fibres remain-
ing nearly intact”. This view has been supported by Jomnston and
Gorpspink  (1973). Roserts (1969) and Prrrcuarp, HunTER and
Lasker (1971) have shown in dogfish (Sycliorhinus canicula) and in mackerel
(Symmetricus sp.) respectively that the red muscle is used almost contin-
uously for locomotor activity while the white muscle is used only for
high speed swimming. Hence under captivity little use would be made of
the white, tissue and mobilization of material from this tissue could be
expected during starvation,

It has been reported for various species that ash content of muscle
tissue falls as water content increases during starvation; TiLrLik (1932)
reported this in Atlantic salmon (Salmo salar), and KorpyL (1951) gave
a similar result for cod (Gadus morhua). There was a similar decrease in
ash content with the advance of starvation in three of the five experi-
ments described here (Leines, Lepsoy and lab.’73). However, an ash-
water correlation was not found in all groups (Fig. 15).
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