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INTRODUCTION

Tue spoilage of a fatty fish like oil sardine is the cumulative effect of many
phenomena controlled or influenced by various factors. When the fish
is stored in ice, it has been known that during the first week of storage, the
enzymes which continue to be active influence the various changes occurring
in the tissue. After this pericd when the dominant bacterial strains become
established. these exert marked influence on the spoilage pattern. The spoilage
changes are further complicated by the changes in the oxidation of fat lcading
to rancidity and associated changes.

The fat of oil sardine shows qualitative and quantitative seasonal
variation, its component fatty acids being mostly unsaturated. In this
respect the observations are paiallel to those exhibited by Clupea harengus
(Lovern, 1938). The fat content and the degree of unsaturation of fat besides
the amount of lipoxidase enzyme in the tissue are the major factors influ-
encing the rate of development of organoleptic rancidity in cold stored fish
(Banks, 1938). The development of this oxidative rancidity adversely aflects
the odour and flavour and probably the texture of fish during processing
(Banks, 1937; Tarr, 1955; Lovern etfal., 1959). Since lipids of fatty fish
contribute much to the undesirable flavour, even a slight oxidation of these
may contribute to serious flavour changes. It has also been observed that
higher the temperature of storage of fish, the more rapid becomes the pro-
c:ss of decomposition of fat (Banks, loc. c¢it.). In the case of fish frozen
after short-term storage in ice, the free fatty acids formed during initial
hydrolysis destroy the stabilizing cffcet of lipids on actomyosin (Dyer and
Fraser, 1959). The present investigation has been designed to study the
effect of storage at two temperatures on the course of breakdown of lipids
in oil sardine side by side with such changes as are brought out by the
proteolytic action in the tissue during storage.

EXPERIMENTAL

Fresh oil sardine (Sardinella longiceps) of uniform size obtained in
Junc July were used for the study. The fish were washed in clean water,
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sealed in thin polythene bags, divided into two lots, one lot stored in clean
crushed ice in an insulated box and the other kept in refrigerator main-
tained at 10° C. The polythene bag prevented the desiccation of fish
during storage at the same time permitting access of oxygen. For chemical
examination of various constituents, the fish was scaled (skin not removed)
head and viscera removed and the meat separated and minced in a waring
blendor. 10 gm. quantities of minced meat were weighed out accurately
and the soluble constituents extracted into organic and aqueous phases
of chloroform-methanol-water mixture according to modification (Rhodes
and Lea, 1961) of the extraction procedure of Folch ef al. (1957) facilitating
the simultaneous recovery of nonlipid substances present in the tissue into
the aqueous phase. The two phases were analysed for total phosphorus
(TP) (Chen et al., 1956), total nitrogen (TN) (MicroKjeldahl procedure), and
total solids. For determination of total solids, the aliquot volume evaporated,
dried in vacuum oven to constant weight and the residue weighed. Free
fatty acid (FFA) was determined in the residue from the organic phase
by taking up with hot 75% alcohol and titrating with N/100 NaOH using
phenolphthalein as indicator. Inorganic phosphorus was also estimated
in the aqueous phase besides total phosphorus. The minced meat is
analysed for peroxide value (Tarr, 1947) and volatile acid number (V.AN)
(A.O.A.C., 1960). The thiobarb turic acid number (TBA  number) s
determined in the lipid extract after removal of the solvent by the distil-
lation method (Tarladgis ez al., 1960).

RESULTS AND DISCUSSION

The total lipid content of fresh fish muscle was 2:505%, (wet weight
basis). The initial analysis of the tissue is given in Table |,

TABLE |

Analysis of fresh fish tissue

Organic extract Aqueous extract
Total P m.moles/100 gm. .. 1:406  Total P m.moles/100 gm. .. 0-380
Total N . .. 4-786 Inorganic P . .. 0-126
Dry solids g. % .. 2-818 Total N . e 11-77

Dry solids g. % .o 1793
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It has been found that the total solids extracted amounted to 4-619%
of the wet weight of the muscle. Of the total phosphorus soluble in aqueous
phase 33-19%, has been worked out to be due to inorganic phosphorus. The

changes in P in organic phase and TP, TN and total solids in aqueous
phase are represented in Figs. 1-4,
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Figs. 1-4. Fig. 1. Changes in TP in Lipid extract. Fig. 2. Changes in TP in Agqueous
phasc. Fig. 3. Changes in TN in Aquecous phase. Fig. 4. Changes in Total solids in Aqucous
phase.

Figures 5-8 represent changes in FFA, V.AN., TBA number and
P.V. with storage period. The total solids soluble in aqueous phase showed
rise in samples stored at 10° C. and this is accompanied by rise in amounts
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Figs. 5-8. Fig. 5. Changes in FFA in lipid. Fig. 6. Changes in volatile acid number.
Fig 7. Changes in TBA number. Fig. 8. Changes in Peroxide value.

of Total N too. However the increase in TN cannot be accounted alcne
by the degradation of phospholipid N and therefore this indicates that rapid
proteolysis might be occurring at this temperature releasing large amounts
of other water-soluble nitrogenous compounds, mainly aminc-acids. There
is good correlation between the increase in total solids and increase in

TN of aqueous extract (Fig. 9).

In the case of ice-stored fish, the proteolysis might be cccurring at a
slower rate, However, the observed chan_ges in total solids ard total



130 INDIAN JOURNAL OF FISHERIES

nitrogen of the aqueous phase did indicate that these were continvouslhy
leached out by the washing action of ice,.
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FiG. 9. Relationship between total solids and TN in Aqueous phase.

The changes in TP in organic phase show on one hard that phospho-
lipid breakdown is of considerably little sigr ‘ficance during storage in ice
and at 10 C. The slight increase in TP in aqueous phase may be accounted
for as being due to the partial decomposition of phospholipid releasing water-
soluble inorganic phosphate. The breakdown of TP of lipid is however
rapid at 10° C. than at 0° C. That the degradative changes of the fish
tissue occur at a faster rate at 10° C. is further evidenced by the rapid accumu-
lation of water-soluble solids, and production of volatile acids in the meat
(Figs. 4 and 6). The volatile acids which are essentially the products of
bacterial action showed a steep rise after the 4th day in fish kept at 10" C.
Concomitant rise has been observed in the amounts of water-soluble nitrogen
and total solids in aqueous phase beyond this pericd which should represent
the maximum storage life of fish at this temperature.

The inciease in FFA occurring as spoilage procceds appears to be
interesting. de Silva and Hughes (1962) observed that FFA production
is not affected in fish by treatment with tetracycline antibiotics even when
the bacterial counts have been lowered considerably. However the present
study has shown that the activity of lipolytic bacteria influenced to a great
deal the production of FFA at higher temperature (10" C.) as compared
with enzyme system existing in fish, Alternatively, the lipase enzymes which
were originally separated from the lipids of cell in the initial stages might
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have been released by cellular disorganisation brought about by proteolysis
thereby facilitating their action on the substrate (Lovern and Olley, 1962).
In the case of fish stored in ice, the slow rise in FFA up to about I week
indicates on the other hand that bacterial lipases are not involved under
this condition, an observation identical with that made by Lea (1957).

Peroxide value and TBA number recorded always lower values in
the case of fish stored at 10° C. than in fish stored in crushed ice. Watson
(1939) observed that this behaviour is due to the presence of increased
numbers of aerobic bacteria on surfaces of fish at higher temperature of
storage leading to the formation of an oxygen barrier against the avail-
ability of oxygen to subcutaneous fat layer. This explanation appears
plausible because reduction of bacterial numbers by treatment with CTC
has led to higher P.V. being recorded in the meat (de Silva and Hughes,
1962). Although FFA increased steadily with storage period, changes
in P.V. were not found useful in judging the development of rancidity. It
has also been observed by Gaddis efal. (1959) that detectable rancidity
appears in different fats with different P.V. levels. As is expected, the
oxidative breakdown of fatty acids considerably reduced the solubility of
lipids extractable by fat solvent. The percentage of fat at the end of 17
days decreased to 7:65 (Dry weight basis) from the initial value of §-45
(D.W.B.). According to Zipser et al. (1962) the lower TBA value observed
in lipids obtained from fish stored at 10° C. may be due to incomplete
extraction of TBA active material from oxidising fish tissue especially
at later stages of storage.

SUMMARY

The course of lipid breakdown and proteolysis of muscle has been
followed in oil sardine stored at two different temperatures, 10° C. and
temperature of ice. The amounts of total solids and nitrogen extractable
into the aqueous phase of chloroform-methanol-water mixture indicate
that rapid proteolysis occurs at the higher temperature. Changes due to
phospholipid breakdown are of relatively little impoitance at the two
temperatures. Volatile acid number showed rapid rise after the 4th day
in fish at 10" C. Free fatty acid production is found to be influenced by
the increased proteolytic rate. TBA number and peroxide value were
always higher in fish stored in ice. The various changes obseived have
been discussed.
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