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Introduction

Seafood consumption in the United States has increased dramatically in the past
10 years. Consumers have become more aware of the benefits of eating fish and of
having fish of high quality. While consumption has increased, so have imports of
very high quality salmon and ocean white fish. The American fisheries industry
needs to meet this competition directly by improving quality and by marketing
more fresh product.

The seafood-consuming public in the United States prefers fresh fish to fro-
zen. In a recent study done for the Alaska Seafood Marketing Institute, 70% of the
people interviewed said they prefer fresh rather than frozen fish. Less than 20%
said they prefer frozen. The remainder had no preference. The public perception is
that fresh fish is better than frozen (Ref. 1). Most consumers cannot tell the differ-
ence between good frozen seafood and fresh seafood, yet it is a fact that good fro-
zen fish is better than poor fresh fish.

Both fresh and frozen fish are perishable. The consumer recognizes quality;
therefore, it behooves the industry to market the highest quality product as
quickly as possible. In general that strategy will yield the greatest economic return
to the industry. It is to the industry’s advantage to make every effort to extend the
shelf life of all seafood; this will provide the longest possible time to market the
product. Maximizing shelf life will get more fresh product on the market.

Shelf Life

Shelf life of food is defined as the maximum length of time a given product is fit
for human consumption. For fish, shelf life is the time from when it is taken from
the water until it is no longer fit to eat. In marketing, the shelf life of fresh and
frozen fish is a very important consideration. Knowing the remaining shelf life al-
lows the processor and retailer to plan the length of time a product can be held,
allowing control of their market. Adding one or two days to the shelf life allows
the market to get top dollar and assure repeat sales.

Temperature and handling practices are the most important factors in deter-
mining the shelf life of all species of fish. If the fish product is handled carefully,
the temperature at which it is held controls its useful life. Temperature will control



Table 1: Relative rates of spoilage and loss of equivalent days
on ice for different temperatures and times.

Temp Relative rate Equivalent days on ice with time

°C °F ofspoilage=r 4hr 8hr 12hr 18hr 24hr 36hr 48hr 72hr

-2 284 0.64 0.11 021 032 048  0.64 096 1.28  1.92

0 320 1.00 0.16 033 050 075  1.00 1.50  2.00  3.00

2 356 I.44 0.24 048 072 1.08 144 216  2.88  4.32

Equivalent days on ice d 4 392 1.96 0.33 065 098 147 196 294 392 588
computations were carried out

to three places for 6 428 2.56 0.43 085 128 192 256 384 512  7.68

mathematical accuracy only. 8 464 3.24 0.54 1.08 162 243 324 486 648  9.72

Bf_!tcﬁuse of biological ‘t;afiabi“ty 10  50.0 4.00 0.66 133 200 3.00 4.00 6.00  8.00 12.00
within a species, numbers are

only meaningful to one place 12 536 4.84 081 161 242 363 484 726  9.68 1452

past decimal point. 15 59.0 6.25 1.04 2.08 3.12 4.69 6.25 9.38 12.50 18.75

the rate of bacterial spoilage and enzyme breakdown. An indisputable fact is that the
higher the temperature the faster fish spoil.

Theory

Years of research at CSIRO, Division of Food Research, Hobart, Australia, have led
to the development of a simple formula that accurately predicts the growth rate of
spoilage bacteria and deterioration rate of muscle food between temperatures of
—2°C and 20°C (28.4°F and 68°F) (Ref. 2,3,4). The formula also holds true for bio-
chemical changes at temperatures between 0°C and 20°C (32°F and 68°F) (Ref. 5).
The application of this rule to a large number of species of fish and its practical
application to fish spoilage have been demonstrated (Ref. 6,7,8).

A simplified form of the relationship linking temperature and spoilage which
calculates the rate of spoilage in relation to (or in comparison to) the rate at 0°C
(melting ice) is r = (0.1 ¢ + 1), where r is the relative rate of spoilage and ¢ is tem-
perature (in °C). When fish is well chilled and has a temperature of 0°C, then
\Jris 1. If the fish is at 4°C (39.2°F) and ¢ = 4, then

r=(0.1x4+1)>?
r=1.4°
r=1.96, i.e., 2

indicating that it is spoiling twice as fast at 4°C than it would at 0°C. If the total
shelf life of a species of fish held in ice from the time of catching is known, and
the past holding temperature is known, the remaining shelf life can be calculated.
Fishermen, processors, and retailers can estimate the days of shelf life remaining
if the product has been handled carefully at all steps of the harvest, processing,
and shipping chain.

Application

As an example of how the formula works, assume that sockeye salmon have been
on a gillnetter for 18 hours and the average temperature has been 50°F (10°C)
(conditions not unusual in Alaska). The fish are then transferred to an RSW tender
and the temperature is lowered to 35.5°F (2°C) and delivered to the processor 36
hours later. Knowing the temperature history, we can compute the days of shelf



To use the graph find the actual
storage time on the bottom
axis, and then trace up to the
temperature and then across to
the left vertical axis to read the
equivalent days on ice.
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Figure 1. Equivalent days on ice at selected storage temperatures
compared to actual storage times.
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life or the “equivalent days on ice” used by the time the fish arrived at the plant.
Fishing boat time:

Nr=(1+0.1x10)
r=(1+172=22
r=4

To get the equivalent days on ice, multiply r by the time the fish spent at the tem-
perature, in this case 18 hours or .75 days, 4 x 0.75 = 3. Time on tender:

Jr =1+0.1x2
r=(1+0.2)%=1.2
r =1.44 (round off to 1.4)
Equivalent days on ice = 1.4 x 1.5 = 2.1. Because the equivalent days on ice are
additive, the days of shelf life used are 3 + 2.1 = 5.1. Under the best handling pro-

cedures in the commercial fishery, i.e., chilled to 32°F (0°C) immediately after
catching, the average shelf life of sockeye salmon is 12 days. Therefore 6.9 days of



Table 2: The effect of delayed chilling on shelf life. Days remain-
ing after holding fish at 50°F (10°C) for indicated time.

Maximum shelf life' Days of remaining shelf life

Species Days 4 hr 8 hr 12 hr 24 hr 48 hr

Halibut 18 17.3 16.6 16 14 10

Chum salmon 13 12.3 11.6 11 9 5

Sockeye salmon 12 11.3 10.6 10 8 9

Pacific cod 12 11.3 10.5 10 8

Silver salmon

ocean run 10 9.3 8.6 8 6 2

1 Assumes fish were chilled mature flSh 12 11.3 10.6 10 8 4
immediately, handled gently, King salmon 10 9.3 8.6 8 6 2
and held under clean conditions Sablefish 10 9.3 8.6 8 6 2
at each step of harvesting, .
processing, shipping, and Pink salmon 6 53 4.6 4 2 0
display. Pollock 5 4.3 3.6 3 1 0

shelf life remain at the time the fish reaches the plant. If processing takes 6 hours

and the fish reaches a temperature of IS &CF) the relative rate of spoilage is

6.5. The equivalent days on ice would be>6&25 = 1.6 days. Although the fish

has been out of the water for only 2.5 days, it has already lost the equivalent of 6.7
days of shelf life, leaving only 5.3 days to get the product to and used by the con-
sumer.

Table 1 gives the relative rate of spoilage at temperatures between —2°C to
15°C (28.4 to 59°F) over time up to 72 hours. To use the table, find the tempera-
ture of the product and read across to the time the product has been held at that
temperature and read the equivalent days on ice or shelf life used. For example, if
a fish has been held at 6°C (42.8°F) for 48 hours we find that 2 days is equal to
just over 5 days on ice. Surely that is a sufficient reason to be concerned about any
delay in chilling fish after catching.

A graphic method for determining equivalent days on ice is shown in Figure 1
for temperatures of —2°C (28.4°F), —1.1°C (30°F), 0° (32°F), 4°C (39.2°F), 10°C
(50°F), and 15°C (59°F). To use the graph find the actual storage time on the bot-
tom axis, and trace up to the temperature and then across to the left vertical axis
to read the equivalent days on ice. Note at temperatures below 0°C the growth
rate of bacteria is significantly slowed. The rate of bacterial spoilage at —2°C is
only 64% of that at 0°C. This shows the potential advantage of refrigerated sea wa-
ter systems. Because fish will start to freeze at —2°C we do not recommend hold-
ing temperatures below —1.1°C (30°F) if roe quality is an important consideration.

More temperature lines can be added to Figure 1 using the above formula. Se-
lect the temperature desired, take the rate of spoilage given in Table 1, multiply by
2 or more days, plot the point on the graph, and draw a line from zero through
the point. Note that at temperatures above 4°C the equivalent days on ice count
up very fast.

For many species of fish taken off the coast of Alaska that are commonly
handled through commercial channels, there are good estimates of total fresh
shelf life. If we know the temperature history of a fish we can estimate the remain-
ing shelf life of the product.
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Table 2 gives examples of shelf life remaining for different species held at 10°C
(50°F) from 4 to 48 hours. We can only estimate, because of biological variations
within a species, size differences, and effect of different habitats and conditions.
For example, small fish spoil faster than large fish of the same species. Table 2
shows the damaging effects of high temperatures. Note that pink salmon held at
50°F for 48 hours would not be fit for either the fresh or frozen market.

There are still too many fishermen, processors, and retailers who fail to see
the need for rapid chilling and gentle handling of seafood. That attitude must
change. In the long term, the fishermen, processors, and everyone else in the dis-
tribution chain will benefit economically from handling practices that extend the
shelf life of the product.
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