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EFFECTS OF TEMPERATURE UPON THE STORAGE LIFE 
OF FRESH SHUCKED PACIFIC OYSTERS (OSTREA GIGAS)l/ 

By Harmon L. Liebman,* George Kudo,* 
Julia G . Chapel,* and Joseph A. Stern* 

ABSTRACT 

SHU CKED PA CIFIC OYSTERS WERE STORED IN FRICTION-LIDDED JARS AT FOUR 
DIFFERENT TEMPERATURES. PERIODICALLY, SAMPLES WERE EXAMINED FOR CHA~GES 
IN pH AND TOTAL BACTERIAL COUNT. A SEPARATE EXPERIMENT WAS PERFORMED TO 
DETERM INE THE BACTERIOLOGICAL SIGNIFICANCE OF THE INITIAL COOLING RATE 
OF JARRED OYSTERS. THE RESULTS INDICATED THAT RAPID COOLING AND LOWER 
TEMPERATURES (IN THE NEIGHBORHOOD OF 320 F.) WILL PROLONG THE STORAGE 
LIFE WH I LE SLOW COOLING AND HIGHER STORAGE TEMPERATURES WILL BE CONDUCIVE 
TO RAPID S POILA GE . 

INTRODUCTION 
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FIG .l _ TOTAL BACTERIAL COUNTS OF PACIFIC OYSTERS DUR­
ING STORAGE AT VARIOUS TEMPERATURES. 



2 COMMERCIAL FISHERIES REVIEW Vol. 19, No. 12 

Much literature has been accumulated on the various tests for the me asurement of 
bac terial po pula tions in oysters (Tanner 1944). Among the technique s generally used 

Class 

ccepta e .......... . 
2. Conditional (pending further 

investigation) 
3. Rejectable .......... . 

16,000-160,000 
Over 160,000 

50,000-1,000,000 
Over 1,000,000 

are the determinations of the It Most Probable Number" (MPN) of coliform organisms 
and the Standard Plate Countfor "total" number of organisms (Anonymous 1954). The 
MPN determination is for organisms of fecal origin and when applied to a product is used 
solely for the estimation of the sani -,..-_____________________ ----, 
tary quality. The "total" count, on 
the other hand, yields information 
as to the sanitary quality and/or the 
storage conditions and storage life 
of the product. The current United 
States Public Health Service rec-
0mmendations (anonymous 1954) 
are that shucked oysters be classi­
fied according to the levels de­
scribed in table 1. 

A measure which often has 
been used as a rapid indication of 
spoilage of oysters is the acidity 
or, as it is alternatively known, 
the hydrogen ion concentration or 
pH. The acid in oysters arises 
from the breakdown of the muscle 
sugar, glycogen, into lactic acid. 
This breakdown can be caused by 
autolytic activity-ofthe oyster it­
self and by micro-organisms, as 
a result of their growth and me­
tabolism. Regardless of the 
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FIG·. 2 - pH OF PACIFIC OYSTERS DURING STORAGE AT VARIOUS 
TEMPERATURES. 

causative agent, many investigators (Piskur 1947; Pottinger 1948; Anderson, Betzold, 
and Carr 1949; Bordaweker 1950; Gardner and Watts 1956) have found that there is an in­
crease in the amount of acid (indicated by the decline in pH value) associated with organo­
leptic changes of flavor, odor, and appearance. While there are differences due to 
variety, season, and area, the relationships indicate generally that, when both liquor 
and meats have a pH of 6.0 or above, oysters are acceptable organoleptically. A pH 
range of 5.8 to 6.0 has been correlated with borderline acceptability, and pH's of 5.7 
or lower have been associated with unacceptable quality. 

This paper is concerned with the effects of good and poor refrigeration practice 
in relation to bacterial growth and spoilage during cooling and subsequent storage. 
"Total" bacterial counts and pH measurements have been employed to determine the 
progress of spoilage of shucked oysters which were stored at various temperatures. 

EXPERIMENT AL PROCEDURE 

Samples of Pacific oysters (Ostrea gigas) were obtained from the Samish Bay area 
of Puget Sound . Prior to shucking, these oys ters had been held for two days in the shell. 
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Immedi,ate.ly after shucking',th,e oysters were packed into half - pint friction -lidded glass 
jars whlCh then were packed rn lCe , The shucking and packing operations were done in a 
commer,cial plant, The samples were delivered to the School of Fif?heries, University 
of WashIngton, th~ same daY,as, packed, At the School's processing laboratory, the 
jars were placed In storage In Ice, at 340 - 380 F" at 390-450 F" and at 460- 540 F, 
(The center temperature of the jars averaged, over a 16-day storage period 33 0 F. 

° 460 F d 53° '. , , 36 F., . ., an .. F:, respectlVely.) .Control samples were taken immediately 
upon receIpt, and the lmtlal pH and bacterIal counts were determined. 

Over the next 16 days, samples were removed from storage at specific inter­
vals, the pH of each sample was measured, and the bacterial counts were determined. 

The day following delivery of the samples, a portion of the jars from the group 
held in ice were removed from storage. These jars were warmed to a center tem­
perature of 75

0 
F. in 35 minutes, and then placed in cooling bath~, One group was 

cooled in such a manner that the center temperature reached 50 F, at the end of 
2t hours . A second group was cooled to a center temperature of 500 F. infour hours, 
and a third group was cooled to a center temperature of 500 F. in six hours. At the 
end of each of these intervals the pH and total bacterial count of each sample was 
determined. 

RESULTS AND DISCUSSION 

The results of the experimental work for the cooling experiment are shown 
in table 2. 

Table 2 - BacterIal Counts on oyster9 and pH Changes in 
Samples Cooled from 750 F. to 50 F. Over Varying 

Time Intervals 

Class Total Plate Count pH .!J 
Organisms /Gram 

Control. . , .. - 5.9 
2t hours of cooling. 2,500 6.0 
4 hour s of cooling. 4,500 6.0 
6 hour s of cooling. 6,000 5 8 
ll/pH O~ \>KUUNU Mt:ATS AND 1II.1UOK. 

While the data are not conclusive, there is an indication that the longer the 
time required to cool the oysters, the higher the bacterial counts and the lower the 
pH . This can be interpretsd to mean that the long~r the time ne~~ssary to cool the 
product to the required 50 F. level, the poorer Wlll be the condltlOn of the product 
at the start of storage . 

From a public health point of view, these results are of importance. If ~icro­
organisms pressnt in oysters double in m.j.mber eve.ry two to t~ree hours durrng . 
cooling from 75 F. to 500 F. and if any of these mlcro~organ.ls.ms are of fecal on­
gin, then a delay in cooling or slow cooling may result rn sufflclent numbers of 
pathogenic organisms to cause the oysters to become dangerous to the consumer. 

The results of the 16-day storage study'are presented in figures 1 and 2. 

Figure 1 presents the bacterial counts of the samplesostored at the various 
temperatures . It can be seen that the oysters store~ at 53 F. wo~ld have been 
classed as "rejectable" using the UJIited States Pubhc Health Servlce standards at 
the end of 4 days of storage . At 46 F., the samples ~ould have been classed as. 
"rejectable" at the end of 8 days. Those stored at 36 F. would have been classl­
fied as "acceptable" after 12 days of storage and "conditional" from 13 days on. 
The samples stored on ice 'would have been classified as "acceptable" through 15 
days of storage and as "conditional" on the sixteenth day. 
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From this illustration, it is evident that lower temperatures of storage- -ap­
proaching that of ice--are conducive to maintaining low level bacterial counts in 
fresh shucked oys ters. 

Figure 2 illustrates the changes in pH of the samples stored at different tem­
peratures. The organoleptic boundaries are those suggested by Bordawekar (1950), 
who demonstrated the existence of a very close correla~ion between pH and organo­
leptic scores. The figure shows that oysters held at 53 8" passed into the "putrid" 
range after but three days of storage. Oysters held at 46 F. came into this range 
after seven days, while those at 36 F. and on ice were still edible at 16 days of 
storage. It can also be seen that the jars stored in ice were in the "good" range 
approximately five days longer than those held at 36

0 
F., which entered into the 

"slightly stale" region after seven days. 

While slight discrepancies between the results of the bacterial determinations 
and the pH-organoleptic results are noted, the correlation is so close that there is 
no doubt that an intimate relationship between bacterial growth and glycogen decom­
position was in exis tence. 

These slight discrepancies in the absolute storage times are not of major sig­
nificance. If oysters of better or poorer initial quality, or oysters obtamed froma 
different area or during a different season, or of a different variety had been used 
as the test animal, the absolute results would probably have differed from those 
reported above. However, the relation between quality, storage time, and temper­
ature of storage would not change greatly, if at all. 

SUMMARY 

To summarize the results of the experiment: the samples held at 53 0 F were 
unacceptable after 3 to 5 days; those held at 46 0 F. were unacceptable after 7 or 
8 days; while those stored at 36 0 F. and on ice were still acceptable after 13 to 16 
days of storage. 

It is apparent that temperature is an important factor with respect to the rate 
of spoilage of fresh shucked oysters. Rapid cooling and lower temperatures (in the 
neighborhood of 32 0 F.) will prolong the storage life, while slow cooling and higher 
storage temperatures will be conducive to rapid spoilage and a short shelf life 
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