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Abstract

Oysters commercially harvested September 1994 and April 1995 from Black Bay, Louisiana
were processed by industry collaborators as: 1) live shellstock boxed 200 per 60 lb (27 kg) box in
Florida; 2) shucked 12 oz (310 g) containers in Florida; and 3) frozen half-shell in Virginia. The
oysters were then shipped by each processor in commercial refrigerated trucks to Food Technology
Services, Inc. in Mulberry, Florida for commercial irradiation processing. Live shellstock were held at
a temperature of about 7°C from harvest through sampling. Ambient levels of Vibrio vulnificus in the
oysters were 4.6 x 105 MPN/g in September 1994 (harvest water 29°C) and 1.5 x 102 MPN/g in April
1995 (harvest water 20°C). Two 60-lb (27 kg) boxes of live oysters were each treated at minimum
levels of 0.0 (controls), 0.5, 1.0, 1.5, and 2.0 kGy, 400 oysters per dose. The dose ratios were
calculated to be about 2:1 in the commercial box packaging. Levels of V. vulnificus, total aerobic plate
counts, and percent cumulative mortality were enumerated every three days through day 14 post-
harvest for the September 1994 samples, and through day 28 post-harvest for the April 1995 samples.
September 1994 live shellstock oysters treated with doses of 0.5 kGy and 1.0 kGy had a very
significant 4-logio reduction in levels of V. vulnificus at 0.5 kGy, and a 5-logio reduction at 1.0 kGy
2 days post-irradiation (4 days post-harvest), without a significant difference in mortality from the
non-irradiated control group, which lost 1 logio after storage at 3°C for 4 days. The April 1995 samples
were reduced to below detectable levels of V. vulnificus at all doses. Commercial shucking and
washing of fresh product, and freezing in the half-shell, also reduced numbers of V. vulnificus 4—
5 logio by day 14 post-harvest. Additional irradiation processing of these products reduced V.
vulnificus to below detectable levels at the lowest dose of 1.0 kGy.

INTRODUCTION AND BACKGROUND

The rich coastal estuaries of the State of Louisiana on the Gulf of Mexico have
traditionally had a commercial oyster industry with an economic impact of approximately
$100 million dollars annually. However, between 1988 and 1991, there was a devastating
economic decline of approximately 50% in the commercial industry and in the wholesale
price of Gulf oysters. This was largely due to loss of consumer confidence in the product,
which has never fully recovered (Kilgen, 1993; Levy and Fein, 1995; Lin et ah, 1991). This
loss in consumer confidence was mainly due to public concern over the presence of Vibrio
vulnificus, a naturally occurring bacterium that is found in estuarine and marine waters (Farr,
1990; Kilgen, 1991; National Academy of Sciences, 1991). Increase in consumer confidence
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and marketability could increase the Louisiana industry value over a 2-3 year period by $20
million annually, with a final impact of $33 million annually. This value would be much
greater for the entire Gulf Coast industry (Voisin, 1998).

Vibrio vulnificus is a naturally occurring, halophilic, Gram negative, rod-shaped
bacterium that ferments lactose and is found in estuarine and marine waters (Oliver, 1989;
Kilgen, 1991; National Academy of Sciences, 1991). V. vulnificus is considered a major
component of the normal microflora of warm (>25°C) estuarine waters, and thus, of filter-
feeding molluskan shellfish. It has been isolated from estuarine and marine waters of the US
gulf coast, east coast, and west coast, and on various continents (Wright et ah, 1986; Kaysner
etah, 1987; Oliver et ah, 1992; O'Neill et ah, 1992; Hoi et ah, 1998). It has also been
isolated from many seafood samples, including filter-feeding mollusks, where these bacteria
can adhere and multiply in the gut region (Oliver, 1989; Ruple and Cook, 1992; DePaola et
ah, 1994; Groubert and Oliver, 1994). It can be transferred from this natural environment to
man directly through wound infections in estuarine waters, and this is the most common route
of transmission. It is also transmissible through the consumption of raw or undercooked
oysters and other seafood by immunocompromised or "at risk" individuals, and has thus
become the main microorganism associated with seafood-borne mortalities in recent years.
These mortalities have been a result of primary septicemia only in "at risk" individuals
through consumption of raw oysters or other seafood. These deaths are very rare, and occur
only in individuals who are immunocompromised or have preexisting liver disease (Oliver,
1989; CDC, 1993; Kilgen, 1991; National Academy of Sciences, 1991). Even these "at risk"
individuals have only about a 1 in 25 000 chance of contracting this serious disease if they
consume raw oysters contaminated with V. vulnificus (CDC, 1993); 99% of at-risk raw oyster
consumers with underlying medical conditions do not acquire this disease (Kilgen and
Hemard, 1996). However, although individuals who are considered normal and healthy have
never been reported to have contracted the potentially fatal primary septicemia disease, a
great deal of negative and alarming national media coverage over the last 10 years has
resulted in a serious economic impact on the Gulf of Mexico oyster industry, and that of the
entire country (Kilgen, 1991; Kilgen, 1993; Kilgen and Hemard, 1996).

Because of this problem, many post-harvest techniques and strategies have been
evaluated to reduce the numbers of Vibrio vulnificus in live and processed oysters over the
last 10 years. They have included time and temperature for reduction of numbers (Cook,
1994), cold, freezing, low heat/cold pasteurization treatments (Cook and Ruple, 1992; Cook,
1994; Cook, 1997; Kilgen and Hemard, 1996), vacuum packaging (Parker et ah, 1994), use of
additives (Tamplin and Capers, 1991), suspension relaying into offshore waters (Motes and
DePaola, 1996), ultra violet (UV) light (Tamplin and Capers, 1991), food condiment
treatment (Sun and Oliver, 1995), and hydrostatic high pressure processing (Hoover et ah,
1989; Farr, 1990; Rovere, 1995). Some of these strategies have been shown to be effective
under experimental conditions, but few have been shown to be economically viable for
commercial use. Of all the post-harvest elimination strategies for foodborne pathogens,
ionizing radiation has been studied the most. The technology has been approved by the US
Food and Drug Administration for many foods, from wheat and flour in 1963 to fresh fruits,
vegetables, dry spices, seasonings, enzymes, pork, poultry, and most recently, meats (IAEA,
1998; Henkel, 1998), but not yet on fish and seafood, including mollusks.

Man has sought to preserve his food supply and control disease and insect infestation
from earliest times. However, despite the fact that we are approaching the 21st century, the
Food and Agriculture Organization of the United Nations (FAO) estimates that 25% of all
food production worldwide is lost post-harvest due to insects, bacteria and rodents (ICGFI,
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1991). hi the United States, the Council for Agricultural Science and Technology (CAST),
and a May, 1997 presidential report, "Food Safety from Farm to Table," estimated that
foodborne disease caused by bacterial pathogens and parasites cause 6-33 million cases of
diarrheal disease and approximately 9,000 deaths annually in the United States, and is on the
increase, hi addition to this loss of lives, it is estimated that the annual economic losses
associated with foodborne illness is as high as $5-6 billion (Thayer et ah, 1996; Henkel,
1998). This does not include the economic losses due to food spoilage post-harvest.

Many national and international agencies have actively investigated, supported or
approved the health and safety of ionizing irradiation technology to address the issues of
foodborne disease throughout the world. They include the World Health Organization
(WHO), the International Atomic Energy Agency (IAEA), the American Medical Association
(AMA), and the American Dietetic Association (ADA). Some US industry trade groups
supporting the technology include the National Meat Producers Association, the Grocery
Manufacturers of America, and the National Food Processors Association (Henkel, 1998).
Many experimental studies in the past have indicated that gamma radiation processing of
seafood, especially molluskan shellfish, can enhance safety by elimination of potentially
pathogenic bacteria (Josephson and Peterson, 1982; Kilgen et ah, 1987; Mallet et ah, 1987;
Grodner and Andrews, 1991; ICGFI, 1991; National Academy of Sciences, 1991; Kilgen,
1993; Pszczola, 1993; Kilgen and Hemard, 1996; Osterholm and Potter, 1997; Thayer et ah,
1996; Henkel, 1998; IAEA, 1998).

The current estimated added cost of approximately $0.05/lb for large volume
commercial irradiation would certainly be considered a cost beneficial value-added
processing step to the oyster industry in Louisiana and the entire country (Thayer et ah,
1996). The incentives are to offer an even safer product to all consumers and to regain public
confidence and the large commercial markets.

MATERIALS AND METHODS

This study was a university-industry collaborative effort to evaluate the feasibility and
effectiveness of commercial level harvesting, processing, packaging, shipping, and irradiation
processing of several commercial oyster products from Louisiana estuaries for Vibrio
vulnificus elimination or control. These commercial oyster products included: 1) live
shellstock in 60-lb (27- kg), 200-count boxes; 2) cases of shucked 12-oz (310 g) and 8-oz
(230 g) containers of fresh oysters (12 per case); and 3) cases of 6 half-shell shrink-wrapped
packaged quick frozen (PQF oysters).

Microbiological Methods

Oyster products irradiated at a commercial irradiation facility were processed
according to APHA standard methods (APHA, 1985) for total aerobic plate counts (APC/g).
Levels of V. vulnificus were enumerated by the three-tube most probable number (MPN)
method, using enrichment in alkaline peptone water, presumptive identification with colistin-
polymyxin B-cellobiose (CPC) selective and differential agar (Oliver et ah, 1982), and
confirmation with a monoclonal antibody enzyme immunoassay (EIA) (Tamplin et ah, 1991).

Methods for Processing and Treatment of Commercial Oyster Products

Live shellstock oysters were commercially harvested from Black Bay, Louisiana on
September, 1994 and stored at 7°C (40° F). A sample of 12 oysters from that harvest was
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taken for ambient or control Vibrio vulnificus MPN/g and total aerobic plate count (APC)/g
levels. Growing water temperature (29oC, 85°F) was taken at the harvest site. These shellstock
oysters were shipped from Louisiana by refrigerated truck (7°C, 40°F) to Florida and Virginia
for further processing and packaging, and from those states to Food Technology Services, Inc.
in Florida for commercial irradiation processing.

Thirteen sacks of the oysters harvested in September, 1994 were picked up at the boat
dock in Black Bay, Louisiana by commercial refrigerated truck and shipped to a Florida
seafood company for processing into boxed live shellstock and fresh shucked 12-oz products.
The processed live shellstock and shucked 12-oz products were shipped to Food Technology
Services, Inc. in Florida. The oysters were processed using various doses of ionizing radiation
three days post-harvest and returned to Nicholls State University (NSU) by commercial
refrigerated truck (7°C, 40° F). They were analyzed for MPN/g V. vulnificus, total APC, and
percent cumulative mortality (live shellstock only).

Three large sacks of shellstock oysters (about 680 oysters) from the same harvest site
in Black Bay Louisiana in September, 1994 were shipped in a different refrigerated truck to a
commercial seafood company in Virginia. The oysters were commercially shucked on the half
shell, shrink-wrapped on a styrofoam tray, 6 half-shell oysters to a tray, and cryogenically
"package quick frozen" (PQF) using liquid CO2. These oysters were also shipped
commercially to Food Technology Services, Inc. in Florida to be irradiated using several
doses of ionizing radiation three days post-harvest. A "control" sample of 12 shucked,
unwashed oysters was taken before processing, and shipped overnight on frozen gel packs to
NSU for microbiological analyses (i.e. MPN/g V. vulnificus and total APC/g).

This procedure was repeated in April 1995 for live shellstock and fresh shucked
oysters to evaluate potential differences in percent mortality at the beginning of the oyster
spawning season. Only the live shellstock and shucked 8-oz containers of oysters were
evaluated during this time period.

Live Shellstock Oysters

Live shellstock Louisiana oysters were commercially processed into ten 60-lb (27 kg)
boxes of 200 shellstock oysters each at a Florida seafood processing plant. They were then
shipped by commercial refrigerated truck to Food Technology Services, Inc. in Mulberry,
Florida the same day for irradiation.

At Food Technology Services, Inc., two commercial 60-lb (27 kg) boxes of about 200
live shellstock oysters were each treated with minimum levels of 0.0 (controls), 0.5, 1.0, 1.5,
and 2.0 kGy (for a total of 400 oysters per dose).

Shellstock product density was calculated to be 0.755 g/cc at Food Technology
Services, Inc. The size of the commercial shellstock oyster box was 11 3/4 in. wide X 17 %
in. long x 9 5/8 in. high. The MAX/MIN dose ratio of live shellstock oysters in their
commercial packaging was calculated to be about 2:1. The boxes could be stacked one deep
and two wide in the tote, for a total of 12 boxes per overhead tote.

Irradiation LD50 for Louisiana oysters depends on the Condition Index of the oysters,
but averaged about 2.25 kGy in a previous study using the experimental size irradiator at the
Louisiana State University Nuclear Science Center (Kilgen et ah, 1987). These data was used
to set the maximum dose of 2.0 kGy for live shellstock oysters.
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One box of live shellstock oysters contained 192 oysters that were individually
labelled with dosimeters and carefully arranged in the box to effect a location matrix. This
was done to evaluate the exact doses obtained by the oysters in specific locations in the
commercial box packaging. Eight oysters were laid across the front of the box and labelled 1
through 8 (eight columns). Eight columns of oysters were placed across the entire bottom of
the box, four deep (labelled A, B, C ,and D planes). This made a total of 32 oysters (eight
columns x four deep) on the bottom row or layer. There were a total of six complete rows or
layers of 32 each, for a total of 192 oysters. A dose of 2.0 kGy was used. The exact radiation
dose absorbed by each oyster in the box was recorded.

Oysters radiation-processed at Food Technology, Inc. were shipped back to Nicholls
State University and stored at 7°C (40°F) in a walk-in cooler. A random sample of 12 oysters
(six from each box at the same dose) was taken from each of the dose groups and analyzed for
V. vulnificus MPN/g, APC/g and percent cumulative mortality at days 1, 4, 8,11, and 14 post-
irradiation. Day 11 post-irradiation was 14 days post-harvest. All the oysters in both 60-lb
(27 kg) boxes (400 total oysters) at each dose were evaluated for percent cumulative mortality
at each sampling period. The normal accepted rate of mortality in live oysters is 2-3%, and in
normal commercial use, live shellstock oysters have a maximum shelf-life of 14 days post-
harvest.

The experiment with live shellstock was repeated in April, 1995 to evaluate seasonal
differences in oyster tolerance to irradiation processing.

Fresh Shucked and Packaged Oysters

In Florida, eight cases of 12 each 12-oz (310 g) containers of shucked fresh oysters
harvested from Lousiana in September, 1994 were packed in ice and shipped by commercial
refrigerated truck to Food Technology, Inc. for radiation processing. Two cases (12 in each)
of 12-oz (310 g) containers of fresh shucked oysters were each treated with minimum dose
levels of 0.0 (controls), 1.0, 1.5, and 2.0 kGy.

The experiment with fresh shucked product was repeated in April, 1995 to evaluate
seasonal differences in oyster tolerance to irradiation processing. The oysters were processed
in Florida and packed into 8-oz (230 g) containers.

Package Quick-Frozen (PQF) Half-Shell Frozen Oysters

In Virginia, live shellstock Louisiana oysters harvested in September, 1994 were
commercially processed into a total of 80 trays of six half-shell oysters each. They were
shucked on the half shell, shrink-wrapped on a styrofoam tray for six half-shell oysters,
cryogenically "package quick frozen" (PQF) using CO2, and packed in commercial boxes.
The boxes were shipped frozen to Food Technology, Inc., in Florida, for radiation processing
while frozen.

At Food Technology, Inc., sixteen PQF trays of six half-shell oysters/tray were each
treated with minimum dose levels of 0.0 (controls), 1.0, 2.0, 3.0 and 5.0 kGy, for a total of
96 oysters/dose. Following irradiation, the frozen oysters were shipped back to NSU by
commercial refrigerated truck and stored at -20°C. Two trays (12 frozen oysters) from each of
the five dose levels were analyzed weekly for MPN/g V. vulnificus and APC/g for two months
following irradiation. A total of 80 trays of six oysters was analyzed.
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RESULTS AND DISCUSSION

Live Irradiated Shellstock Oysters

Live shellstock oysters were commercially harvested from Black Bay, Louisiana in
two seasons, September and April, and irradiated for V. vulnificus control to evaluate whether
the difference in the oyster quality and Vibrio levels in these different seasons would affect
oyster mortalities or radiation effectiveness. Ambient levels of V. vulnificus in the oysters
from both seasons were very different initially, 4.6 x 10 5 MPN/g in September (water
temperature of 29°C, 85°F), and 1.5 * 102 MPN/g in April (water temperature of 20°C, 69°F).
However, results showed that levels of V. vulnificus in both samples only dropped one logio
cycle after two weeks of storage at 7°C (40°F). This indicates that in live shellstock oysters,
levels of V. vulnificus only drop approximately one logio MPN/g after harvest and cold
storage at 7°C (40°F) for the two-week shelf-life, regardless of original harvest water
temperature.

In April, when ambient levels of V. vulnificus were only 1.5 x 102 MPN/g, they were
easily reduced to below detectable levels (<0.3 MPN/g) at the lowest dose of 0.5 kGy. The
high ambient levels of 4.6 x 105 MPN/g in September were reduced four logio cycles to
46 MPN/g at 0.5 kGy.

Ambient mortalities were actually greater in April (5%) than in September (1%). This
was probably due to the physiological condition of the oysters in April, when they are ready
to spawn. After 14 days post-irradiation at 1.0 kGy, mortalities were 12.0% for controls and
17.0% for treated oysters in April, and 8.3% for controls and 9.5% for treated oysters in
September.

Effect of Irradiation on V. vulnificus Levels and APC in Live Shellstock Oysters Harvested in
September, 1994

Doses of 0.5 and 1.0 kGy showed a significant four and five logio reduction in levels
of V. vulnificus, from 4.6 x 105 MPN/g in control shellstock to 46 and 2.3 MPN/g,
respectively, at two days post-irradiation for September oysters. Doses of 1.0 kGy reduced the
V. vulnificus level to undetectable (<0.3) by day 14 of cold storage. Doses of 1.5 and 2.0 kGy
reduced V. vulnificus levels five and six logio cycles initially, and to undetectable levels
(<0.3) by 11 days cold storage at 7°C (40°F) (Fig. 1).

In the box of live shellstock oysters containing 192 oysters individually labelled with
dosimeters and irradiated at 2.0 kGy, the maximum dose of 2.3 kGy was in a location at the
top left, on the outside row. The minimum dose of 1.3 was in a location toward the lower mid
left, in the interior of the box. This resulted in an average dose of 1.8 kGy in the commercial
packaging for live shellstock oysters treated at 2.0 KGy.

Ambient levels of total aerobic plate counts (APC/g) were an extremely high
1.17 x 106 in the 9/94 live shellstock samples (water temperature 29°C (85°F), one day post-
harvest. By 14 days at 7°C (40°F), they were still 1.1 x 106/g. The lowest irradiation dose of
0.5 kGy reduced the APC/g in these samples by 3 logio cycles to 1.4 x 103 initially; by
14 days storage, APC/g increased to 2.8 x 105/g. At 1.0 kGy, the APC/g was only 1.1 x 104

after 14 days of storage. This indicates a definite shelf-life extension for warm water
shellstock oysters.
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Irradiated September 22,1994
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Figure 1. Effect of ionizing radiation on Vibrio Vulnificus populations in live shellstock
Louisiana oysters from September, 1994.

Cumulative Mortality for Irradiated Live Shellstock from September, 1994

Control and treated oysters were within the expected 2-3% normal levels of mortality
of live oysters removed from warm waters and stored at 7°C (40°F). Controls showed slightly
more mortality than treated oysters at 5 days post-harvest. There were no significant increases
in mortality of treated live shellstock as compared to the non-treated controls through 14 days
post-harvest (shelf-life for live oysters). In fact, control oysters showed the highest mortality
at 5 and 7 days post-harvest, and were still higher than mortalities at dose levels of 0.5 kGy
and 1.0 kGy at 9 days post-harvest. At day 14 post-harvest, the dose level of 0.5 kGy showed
the lowest mortality. At the end of the approved shelf-life of 14 days, and a dose of 1.0 kGy,
mortalities were 8.3% for controls and 9.5% for treated oysters in September (Fig. 2).

CUMULATIVE MORTALITY FOR LIVE SHELLSTOCK OYSTERS

TREATED WITH IONIZING IRRADIATION

Harvested September 19,1994
Irradiated September 22,1994

20%

0%

0.0 kGy

Days Post Harvest

0.5 kGy H'4* I 1.0 kGy

11 14

H i 1.5 kGy 2.0 kGy

Fig. 2. Cumulative mortality for irradiated live shellstock from September, 1994.
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In April 1995, the ambient levels of V. vulnificus in live shellstock was only
150 MPN/g. This was expected at an ambient water temperature of 20°C, 69°F. At these low
levels, even the lowest dose (0.5 kGy) showed no detectable levels (<0.3 MPN/g) of
V. vulnificus throughout the 28-day evaluation period (Fig. 3). Ambient total APC/g was only
1.2 x 103 in live shellstock oysters one day post-harvest, and 1.5 x 105 after 14 days storage at
7°C (40°F). Irradiation at 0.5, and 1.0 kGy reduced APC/g to 5.1 x 103 and 3.4 x 103,
respectively after 14 days cold storage post-irradiation.

Cumulative Mortality for Irradiated Live Shellstock Oysters From April, 1995

Ambient mortalities of oysters were greater in April (5%) than in September (1%).
This was probably due to the physiological condition of the oysters in April, when they are
ready to spawn. At 7 days post-harvest, control oysters and those treated with 0.5 and 1.0 kGy
showed the same mortality rates. At the end of the approved shelf-life period of 14 days,
mortalities at 1.0 kGy were 12% for controls and 17% for treated oysters (Fig. 4).

Fresh Shucked Irradiated Oysters

Oysters commercially harvested from Black Bay, Louisiana during two seasons
(September and April), and commercially shucked, washed and packaged in 12-oz (310g) or
8-oz (230 g) containers had very different ambient levels of V. vulnificus: 4.6 x 10 5/g in
September (water at 29°C (85° F), and 1.5 x 102/g in April (water at 20°C (69° F). Levels of V.
vulnificus and APC/g were evaluated every three and seven days, respectively, for a total of
35 days. V. vulnificus dropped five logio cycles to 2 MPN/g by 14 days post-processing in
September, 1994, and 2 logio cycles, to 9 MPN/g, 14 days post-processing in April, 1995.

Effect of Irradiation on V. vulnificus Levels and APC in Fresh Shucked 12-oz (310-g)
Containers from Oysters Harvested in September, 1994

Oysters commercially shucked, washed, and packed in 12-oz plastic containers were
stored in ice under commercial conditions. Levels of V. vulnificus dropped one logio cycle,
from 4.6 x 105/g to 2.4 x 104/g in control oysters after shucking, washing and packing in ice.

There was a very low 0.4 MPN/g V. vulnificus level at 1.0 kGy four days post-
irradiation. There were no other detectable levels of V. vulnificus in irradiated fresh shucked
oysters, even at the lowest dose of 1.0 kGy, throughout the 35-day sampling period.

Even non-irradiated controls dropped from 4.6 x 105 MPN/g to 2 MPN/g by 14 days
post-harvest on ice in cold storage. There were no detectable V. vulnificus in non-irradiated
controls by 17 days at 7°C (40° F). Surface V. vulnificus are extremely sensitive to the
commercial processing of shucking and washing or "blowing" in ice water. The additional
packing of the shucked, washed products in ice also has a lethal effect on the microorganisms
after about 14 days. However, that is the shelf-life for the product (Fig. 5).

Initial levels of 1.2 x 106 APC/g in control shucked oysters increased to 2.0 x 107

APC/g at the end of the 14-day shelf-life. At 14 days, doses of 1.0, 1.5, and 2.0 kGy had only
4.1 x io4, 4.4 x 104, and 3.2 x io4 MPN/g, respectively. The National Shellfish Sanitation
Program (NSSP) guidelines recommend 500 000 (i.e., 5.0 x 105 total APC/g in shucked
processed oysters (FDA, 1993).
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THE EFFECT OF IONIZING IRRADIATION VNVULNIFICUS

POPULATION IN LIVE SHELLSTOCK OYSTERS

Harvested April 24, 1995
Irradiated April 27, 1995

11 14 17
Days Post Harvest

0.0 k G y i | | | i 0.5 kGy 1.0 kGy

22

2.0 kGy

28

Fig. 3. Effect of radiation on V. vulnificus in live shellstock oysters from April 1995.

CUMULATIVE MORTALITY FOR LIVE SHELLSTOCK OYSTERS

TREATED WITH IONIZING IRRADIATION

Harvested April 24,1995
Irradiated April 27,

Fig. 4. Cumulative mortality for irradiated live shellstock from April 1995.

Effect of Irradiation on V. vulnificus Levels and Total APC/g in Fresh Shucked 8-oz
(230-g) Containers from Oysters Harvested in April, 1995

Oysters commercially shucked, washed, and packed in 8-oz plastic containers were
stored in ice under commercial conditions. Levels of V. vulnificus dropped one logio cycle,
from 1.5 x 102/g to 2.4 x lOVg in control oysters after shucking, washing and packing in ice.
Oysters were sampled every three to five days for 28 days post-harvest.
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EFFECT OF IRRADIATION ON V. VULNIFICUS
IN SHUCKED OYSTERS IN 12-oz. CONTAINERS

Harvested September 19,1994
Irradiated September 22,1994

14 17
Days Post Harvest

35

0.0 kGy 1.0 kGy 1.5 kGy 2.0 kGy

Fig. 5. Effect of ionizing radiation on V. vulnificus in 12-oz containers of oysters
processed in September, 1994.

There were no detectable levels of V. vulnificus in irradiated fresh shucked oysters,
even at the lowest dose of 1.0 kGy, throughout the 28-day sampling period. Even non-
irradiated controls dropped from 1.5 x 102 MPN/g to a non-detectable level (<0.3 MPN/g) by
14 days post-harvest on ice in cold storage. There were no detectable V. vulnificus in non-
irradiated controls by 17 days at 7°C (40°F) (Fig. 6). Initial levels of 1.2 x 103 APC/g in
control shucked oysters increased to 7.7 x 104 APC/g at the end of 17 days of storage. Initial
doses of 1.0, and 1.5 kGy reduced APC/g to 8.0 x 102, but they rose to 3.3 x 105 and 4.2 x 105

at 17 days post-harvest. As mentioned earlier, the National Shellfish Sanitation Program
(NSSP) guidelines recommend 500 000 total APC/g in shucked processed oysters (FDA,
1993).

EFFECT OF IRRADIATION ON V. VULNIFICUS
IN SHUCKED OYSTERS IN 8-OZ. CONTAINERS

Harvested April 24,1995

Irradiated April 27,1995
1000000

100000 -,

MPN/g

11

0.0 kGy

14 17
Days Post Harvest

1.0 kGy 1.5 kGy

22

2.0 kGy

28

Fig. 6. Effect of irradiation on V. vulnificus in 8-oz oyster containers
processed in April, 1995.
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THE EFFECT OF IONIZING IRRADIATION ON
V. VULNIFICUSPOPULAJ\ON IN OYSTERS

ON THE HALF SHELL (FROZEN)
Harvested September 19,1994
Irradiated September 22,1994

MPN/g

10 17

I 0.0 kGy § j j

24 31 38
Days Post Harvest

1.0 kGy

45

• • • ; &*'r"

2.0 kGy 3.0 kGy

52
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Fig.7. Effect of irradiation on V. vulnificus in frozen half-shell oysters from
September 1994.

Half-Shell Frozen Irradiated Oysters

There were no detectable levels of V. vulnificus in any of the radiation-processed
frozen half-shell oysters, even at the lowest dose of 1.0 kGy; non-irradiated controls dropped
to <10 logio MPN/g after two months (Figure 7).

CONCLUSIONS

Low-dose (0.5-1.0 kGy) irradiation is extremely effective in greatly reducing or
eliminating populations of Vibrio vulnificus from live, fresh shucked, or frozen oysters under
commercial conditions.

Higher mortalities in control live oysters harvested in April were mainly attributed to
the weakened physiological state of the oysters when preparing to spawn, and to the cold
storage temperature of 7°C (40°F). Storage at 10°C+ (50°F) might be less physiologically
stressful to the live oyster. However, mortalities of oysters treated at 0.5 to 1.0 kGy were not
significantly higher than those for the non-irradiated controls.

Frozen shrink-wrapped half-shell oysters irradiated even at the lowest dose level of
1.0 kGy have no detectable levels of V. vulnificus, and have practically unlimited shelf-life.
Low doses of 0.5-1.0 kGy also greatly reduce total aerobic bacterial counts initially, and these
counts in live shellstock remain lower than in controls throughout a 14-day cold storage
period.

Overall, it is suggested that low-dose irradiation at 0.5 or 1.0 kGy would be extremely
effective and commercially feasible as a post-harvest intervention method to control or
eliminate V. vulnificus, and to lower total aerobic plate counts, in warm water live shellstock
oysters without killing the oysters. Doses of 1.0 kGy or higher would also help eliminate
V. vulnificus and possibly other potential foodborne pathogens in packaged fresh shucked and
frozen oysters.
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