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Executive Summary 

This validation study was conducted during the months of July, August and Sept., 2003. 
The Food and Drug Administration and the Interstate Shellfish Sanitation Conference 
require that oysters used for a validation study are collected during the same processing 
day, are from the same lot of shellfish, and have an adjusted geometric mean (AGM) 
MPN of at least I 00,000/g of Vibrio vulnijicus as an initial load. The oysters were 
removed from refrigerated storage and held at 71 °F (21 °C) for 40-45 hours prior to 
freezing in order to achieve a minimum AGM of 100,000/g Vibrio vulnijicus. After 
quick freezing the oysters at -70°F (-57°C) for nine minutes, approximately 8-10 weeks 
of frozen storage at 0°F (- l 8°C) were required to reduce V. vulnijicus levels from 105 

MPN/g to less than 30MPN/g. Initial V. vulnificus numbers in excess of 1,000,000/g, 
required prolonged frozen storage (>20 weeks) of the oysters at 0°F (-18°C) to reduce V. 
vulnificus numbers to less than 30MPN/g. 

Little difference was found in the reduction of V. vulnijicus numbers between frozen 
storage at 0°F (-18°C) or -15°F (-26°C). Thus, for cost effectiveness, 0°F (-18°C) is the 
recommended frozen storage temperature for the half shell oysters. 

Two additional processing trials will be scheduled for early and mid-July, 2004 to 
confirm these findings. These two additional trials will be conducted without auy further 
cost to the Fishery Resource Grants Program. 

Background 

The majority of seafood related illnesses in the U.S. can be attributed to consumption of 
raw or under cooked molluscan shellfish. Oysters are filter feeders that can concentrate 
pathogens. Vibrio vulnijicus (Vv) is a naturally occurring estuarine bacterium that can 
accumulate in oysters and cause illness in consumers. V. vulnificus have caused illness 
and death in people following consumption of raw or under cooked oysters. In the 
U.S.A. since 1998, cases of V. vu/nijicus infections averaged approximately 40 with 
about 20 deaths per year. V. vu/nificus are also found in oysters harvested from the 
Chesapeake Bay. With recent disease outbreaks and increased pressure from consumer 
advocacy groups, it is imperative to validate post harvest treatments (PHT) for 
eliminating pathogens in raw molluscan shellfish. 



Low temperature quick freezing (IQF) of oysters using liquid CO2 or nitrogen followed 
by frozen storage at 0°F (-!8°C) can reduce levels of these pathogens. Recently, the 
State of California implemented regulations requiring all oysters from the Gulf of Mexico 
region sold in California to be certified V. vulnificus free. Other states may adopt similar 
regulations. If oyster populations in the Chesapeake Bay are eventually restored, using 
resistant native and/or non-native oysters, it is certainly possible that oysters from the 
Mid-Atlantic region will also require some type of PHT to ensure product safety. All 
PHT require validation before they are accepted by the Food and Drug Administration 
(FDA). 

Objective 

To validate a freezing process for raw oysters that can reduce V. vulnificus numbers from 
105 MPN/g to <30MPN/g. 

Materials and Methods 

The freezing process validation project was conducted in cooperation with the Virginia 
Department of Shellfish Sanitation. The analyses for V. vulnificus were conducted at the 
Virginia Tech VSAREC, Hampton, VA, at the Virginia Tech Food Science Department, 
Blacksburg, VA, and at the National Marine Fisheries Service, National Seafood 
Inspection Laboratory, Pascagoula, MS. 

The IQF freezing and frozen storage profiles were collected at the processing plant 
during each validation run using wire thermocouples (Appendix I). Approximately 
2,000-3,000 (10,000-15,000 total) oysters were run on each of five processing dates (i.e., 
July 7, July 21, Aug. 11, Aug. 18, and Sept. 9). Analyses for V. vulnificus, moisture and 
pH were conducted on each batch of oysters (Appendix II). The requirements for 
validating a post harvest treatment process were determined by the FDA and the 
Interstate Shellfish Sanitation Conference (ISSC) (Appendix Ill). Procedures and 
protocols were developed after extensive discussions with Dr. Robert Wittman (Associate 
Director, Virginia Department of Shellfish Sanitation). Dr. Robert Wittman serves on the 
validation subcommittee of the ISSC. In addition, a copy of the proposed protocol was 
sent to Mr. Don Kraemer, Associate Director, FDA Office of Seafood, to ensure that all 
procedures meet with the FDA requirements. 

The validation study was conducted during the months of July, August and Sept., 2003. 
Raw oysters on the half shell were frozen at -57°C (-70° F) for nine minutes and then 
stored at -0°F (-18°C). 

ISSC Procedures 

1 ). The ISSC preliminary procedures for post harvest method validation studies were 
followed. Data on ten processed samples on each of five processing days were collected 
and analyzed. The samples used on a processing day came from the same lot of shellfish 
with an adjusted geometric mean (AGM) MPN of 100,000/g or greater as an initial load. 



Preliminary studies were conducted to determine the requirements needed to ensure a 
geometric mean (AGM) MPN of 100,000/g or greater as an initial load. 

A). Ten oyster composites (ten oysters per composite) were collected immediately prior 
to IQF freezing. Ten additional samples were also collected immediately after IQF 
freezing. These 20 samples were analyzed in duplicate for V. vulnificus numbers. This 
procedure was repeated on five separate processing days. 

B). Ten composites (10 oysters per composite) from each trial were removed periodically 
from frozen storage and analyzed in duplicate for V. vulnificus numbers. 

ISSC Validation Protocol 

The Interstate Shellfish Sanitation Conference (ISSC) and the Food and Drug 
Administration (FDA) established the following guidelines for validating Post Harvest 
Treatments (PHT) for oysters (Appendix III). For the process to be validated, no more 
than three samples out of 30 may fail. Failure is indicated by more than two out of five 
MPN tubes in any sample being positive for V. vulnificus. If any one sample has all five 
MPN tubes positive, the validation process will fail. 

For Validation Testing 
30 samples (ten from each of three processing days) 
5 = the number of tubes in a single dilution series 
0.1 = the amount (g) of sample inoculated into each tube 
2 = the maximum number of positive tubes for each sample to pass; if 3 or 4 tubes 
are positive, the sample fails 
3 = the maximum number of SAMPLES out of 30 that can fail and the PROCESS 
is validated 
If all five tubes in any one sample are positive, the PROCESS validation fails 
A positive tube is defined as a tube which is confirmed to contain V. vulnificus. 

True concentration Probability(%) of 
(Vibriolg) Process being validated 

1 >95 
2 95 
3 54 
4 11 
5 1 

NOTE: For each sample 
If2 out of 5 tubes are+, the MPN/g is 5 
If 4 out of 5 tubes are+, the MPN/g is 16 
If all 5 tubes are +, the PROCESS is not validated 



Microbiological A11alyses 

FDN BAM Methodology was used for the study (FDNBAM 2001). The 
microbiological protocol followed the recommendations of the ISSC work group on 
validation of PHT. 

Results and Discussion 

The attached tables contain all the results for the validation study (Appendix II). 
Approximately 2,000-3,000 oysters were run on each of five processing dates (i.e., July 
7, July 21, Aug. 11, Aug. 18, and Sept. 9). 

The tables for July 7, July 21, Aug. 11, and Sept. 9 contain data for samples stored at 0°F 
(-18°C). 

The two tables for Aug. 11, and Aug, 18, 2003, contain data for oysters stored at -15 F 
(-26°C) [(initially the storage temperature was -23°F (-31 °C), but the hurricane forced us 
to switch to -15 F (-26°C)). 

The oysters were analyzed at the 0.01 level (<30MPN/g), and some were also analyzed at 
the 0.1 level ( <3 MPN/g). 

Table 1 below, is a summary of the data during frozen storage at 0°F (- l 8°C). The 
samples frozen on Aug. 11 and Sept. 9, 2003, had initial numbers of V. vu/11ific11s in 
excess of 1,000,000/g. These high starting levels resulted in the need for prolonged 
storage of the samples in order to reduce the V. Vllinificus numbers to <30MPN/g. The 
required frozen storage period (18 weeks to more than 20 weeks) is not economically 
viable for use by oyster processing companies. 

However, the samples frozen on July 7 and July 21 had initial V. vulnificus numbers 
between 100,000/g and 1,000,000/g, and can be used to validate the process. Based on 
the data of July 7 and Aug. 18, it will require approximately 8-10 weeks of storage at 0°F 
to achieve the required reduction of V. vulnificus numbers from 100,000/g to less than 
30MPN/g. 

The samples frozen on Aug. 18, on the other hand, had initial V. vulnificus numbers less 
than the required 100,000/g, and cannot be used for validation of the process. These data 
are included for infonnation purposes only. 



Summary Table 1 
Number of Weeks in Frozen Storage at 0°F (-18°C) Required 

to Reduce V. vulllificus Numbers in Oysters to <30MPN/g 

Date Frozen Weeks at0° F Vv Levels 
• Frozen July 7 8-10 Wks <30MPN/g 
• Frozen July 21 lOWks <30MPN/g 
• Frozen Aug 11 18Wks <30MPN/g 
• Frozen Aug 18 12 Wks <30MPN/g 
• Frozen Sept 9 >20Wks <30MPN/g 

Conclusions 

Initial V. vulflificus Numbers 

In order to achieve initial required V. vulnificus levels of 100,000/g, the oysters must be 
removed from refrigerated storage and exposed to ambient temperature. In this 
validation study, oysters were removed from refrigerated storage and held at 71 °F (21 °C) 
for 40-45 hours prior to freezing. However, it is important that the initial V. vulnificus 
numbers do not exceed 1,000,000/g for the validation study. Higher initial numbers of V. 
vulnificus result in the need for prolonged frozen storage(> 20 weeks in some instances) 
to reduce V. vulnificus numbers in oysters from 105 MPN/g to <30MPN/g. 

Frozen Storage at 0°F (-18°C) Versus -15°F (-23°C) 

Little difference was found in the reduction of V. vulnificus numbers at frozen storage 
temperatures of either 0°F (-18°C) or -15°F (-26°C). Thus, for cost effectiveness, 0°F is 
the recommended frozen storage temperature for the half shell oysters. 

Frozen Storage Time Required to Reduce V. vulni{lcus Numbers to <30MPN/g 

The results indicate that after quick freezing oysters at -70°F (-57°C) for nine minutes, it 
then requires approximately 8-10 weeks of frozen storage at 0°F (-l 8°C) to reduce V. 
vulnificus levels to less than 30MPN/g. 

Additional Studies Needed 

Two additional processing trials will be scheduled for early and mid-July, 2004 to 
confirm these findings. These two additional trials will be conducted without any further 
cost to the Fishery Resource Grants Program. 



Benefits to Industry 

Validation ofa freezing procedure that is accepted by the FDA, and is effective in 
reducing or eliminating V. vulnificus in raw oysters, will result in increased sales for 
oyster processing companies. 

The majority of seafood related illnesses in the U.S. can be attributed to consumption of 
raw or under cooked molluscan shellfish. Oysters are filter feeders that can concentrate 
pathogens. V. vulnificus is a naturally occurring estuarine bacterium that can accumulate 
in oysters and cause illness in consumers. V. vulnificus has caused illness and death in 
people following consumption of raw or under cooked oysters. In the U.S.A. since 1998, 
cases of V. vulnificus infections averaged approximately 40 with about 20 deaths per 
year. V. vulnificus are also found in oysters harvested from the Chesapeake Bay. 

Recently, the State of California implemented regulations requiring all oysters from the 
Gulf of Mexico region sold in California to be certified V. vulnificus free. This regulation 
has resulted in losses in excess of $20 million for the Gulf Coast Industry. Oyster 
processors in Virginia and other Mid-Atlantic states have also had negative impacts on 
their business. Other states may adopt similar regulations. The Food and Drug 
Administration (FDA) is also encouraging the use of Post Harvest Treatments (PHT) to 
eliminate pathogens in raw molluscan shellfish. Freezing and subsequent frozen storage 
of raw oysters has been identified as a PHT that can be effective to reduce and/or 
eliminate V. vulnificus. However, all post harvest treatments require validation before 
they are accepted by the FDA. This validation study will provide data to the FDA so that 
the frozen oysters can be labeled as V. vulnificus free. In addition, if oyster numbers in 
the Chesapeake Bay are eventually restored, using resistant native and/or non-native 
oysters, it is certainly possible that oysters from the Mid-Atlantic will also require some 
type of PHT to ensure product safety. 
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sample date: July 7, day zero 

Trial I, frozen July 7, 2003 

(1 •5 Hampton, §·1 0 B'Bur~l 
fresh samples 

A # QOSitive of 3 B # QOSitive of 3 
~ample # 10-3 diln. 10·4 diln 10-5 diln. MPN 10-3 diln. 10-4 diln 10-5 diln, 

1 2 2 3 :\ ,) ,\ li'p 1 2 1 
2 2 1 2 :1 '? /, ·1(.:. 1 3 3 
3 3 o 2 ,::; :.\ .:< ·1,:J,: o 3 3 
4 2 3 3 y ·1r.! 2 3 2 
5 2 3 2 \ '] >'. ·\()' 1 3 3 

10·4 diln. 10-5 diln. 10-6 diln MPN 10-4 diln. 10-5 diln. 10--6 diln 
6 3 3 0 ·: ,~ X, ·t(I•, 3 3 0 
7 3 3 2 ' /, 'it):, 3 3 1 
8 3 3 1 -t (; X ·10:·, 3 3 2 
9 3 3 3 .,•j "! .:, ·10,: 3 3 2 
10 3 3 1 ·1 ,:,; ;, .• ·1 (J•:, 3 3 2 

·- ----· --· -·, - ____ ,..,, ....,,,,, l ! .... , ICU 111.. 0\,11 I 

sam12le # A B 
inoculum # QQsitive MPN/g inocu!um # eositive MPN/g 

1 0,1 g 2 '':, 0.1 g 2 0 

2 0,1 g 3 '.-,, 0.1 g o ,'; :~, 
3 0,1 g 3 ,,:_: 0.1 g 3 9 
4 0.1 g 0 , ,-, 0.1 g 0 <2 
5 0.1 a 2 :;, 0.1 a 0 <2 

__ ,.,..,, ... ------· ...... '-1 ....... "'T ............. ...,,.,, 1 ,-,_, , 1a11,1,11.v1l) 

samg!e # A B 
inoculum # gositive MPN/g inoculum # gositive MPN/g 

1 0.1 g 2 I~, 0.1 g 2 '..:i 

2 0.1 g 5 ·. ::1, ..... 0.1 g 3 '.;) 
3 0.1 g 5 ~ ; ! 0.1 g 5 ·, 3il 
4 0.1 g 5 . ,,,, 

' 0.1 g 5 •:, 30 
5 0.1 C 4 !; 0.1 g 4 11': 

----- -- ----·. ·- . ·- - . ·--··- --· ........... ,,,,.., .... ..., '"'.., ....... , 
samgle # A B 

inoculum # QOSitive MPN/g inoculum # QOSitive MPN/g 
1 0.01 g 3 ,:,;1,:, 0.01 g 2 ~:-i 
2 0.01 g 3 ·.1 0.01 g 2 ''I 
3 0.01 g 2 .. _,; 0.01 g 1 ·;,··, 
4 0.01 g 1 ·•,,··, 0.01 g 3 ,•.1-:, 

5 0.01 a 2 ,;r 0.01 a 2 '/i 

July 7 

~-- ·,., J-· 
(_; r· 

IQF frozen 

6 £ 
MPN inoculum # gositive MPN/g inoculum # QOSitive MPN/g 

·1 5 X f().;.j 0.1 g 2 0.1 g 5 ·. ::;;,) 
·1 :.:. 1 (}', 0.1 g 3 .:' 0.1 g 4 
1 >: 1 (j,; 0,1 g 4 :r; 0,1 g 4 
1 ,.;, ·10·: 0,1 g 5 •• :·,::1 0,1 g 2 

'l I .'"; 1 Ci', 0.1 g 5 ::(,1 0,1 g 4 
MPN 

'? ~1 X 1 t.i'J 0.1 g 5 :1(.1 0.1 g 5 
/i.b X •1i),' 0.1 g 4 1r::, 0.1 g 5 
1.1){"1()!, 0.1 g 5 : . '.:,n 0,1 g 4 
i .1 X ·I Or· 0.1 g 5 ::•)'.,l 0.1 g 5 

·j .'I ), 101; 0.1 g 5 ' :7/) 0.1 l1_ 5 

r ti~1u ts·tsural 
samgle # ·A B 

inoculum # gositive MPN/g inoculum # gositive MPN/g 
6 0.1 g o <2 0.1 g 0 , ... ? 
7 0.1 g o ,:. ·_;,< 0.1 g 1 
8 0.1 g 0 <.?: 0.1 g 0 ·, 
9 0.1 g 2 ,,: 0.1 g 1 
10 0.1 a 0 ,:: :::: 0.1 a 0 :' 

1 0-1 u, trtsura l 
samgle # A B 

inoculum # gositive MPN/g inoculum # gositive MPN/g 
6 0.1 g 3 :,,,• 0.1 g 2 ,, 

7 0.1 g 1 ,:, 0.1 g 3 
8 0.1 g 3 ,:) 0.1 g 2 ·, 
9 0.1 g 2 i:, 0.1 g 2 

10 0.1 g 3 0.1 a 2 

samgle # A B 
inoculum # 12:ositive MPN/g inoculum # QOSitive MPN/g 

6 0.01 g 2 ':)·: 0.01 g 1 
7 0.01 g 1 /::' 0.01 g 2 ::': ·: 

8 0.01 g 2 ,1 0.01 g 0 
9 0.01 g 1 ·,, 0.01 g 0 , 

10 0.01 a 2 ,· ,0.01 a 0 .. •, 



July 7 

samele date: Seet. 21 8 Weeks @OF ( e sl 
~m~ A B sample# A B 

inoculum # positive MPN/g inoculum # gositive MPN/g inoculum # gositive MPN/g inoculum # positive MPN/g 

1 0.01 g 0 . :~:? 0.01 g 2 ::;·1 6 0.01 g 1 22 0.01 g 0 

2 0.01 g 1 0.01 g 2 '-',i 7 0.01 g 1 -~::, 0.01 g 0 

3 0.01 g 1 0.01 g 1 .~:? 8 0.01 g 0 0.01 g 0 

4 0.01 g 1 0.01 g 2 :-:;·1 9 0.01 g 3 ··--~ 0.01 g 

5 0.01 g 1 .. n 0.01 g 1 z,: 10 0.01 a 0 ') .. , ., . ..:. 0.01 

samele date: Seet. 15, 10 Weeks@0F (all sameles to Mississieei) 
samQle # A B sample# A B 

inoculum # positive MPN/g inoculum # positive MPN/g inocu!um # g;ositive MPN/g inoculum # positive MPN/g 

1 0.01 g 2 s·, 0.01 g 1 2:?. 6 0.01 g 1 :c 0.01 g 1 

2 0.01 g 3 '}::· 0.01 g 2 ,; I 7 0.01 g 0 "- :rz 0.01 g 0 

3 0.01 g 0 0.01 g 0 :· 2:? 8 0.01 g 0 0.01 g 0 

4 0.01 g 0 , . ., 0.01 g 1 9 0.01 g 1 0.01 g 0 

5 0.01 g 2 '.)·1 0.01 g 0 l2 10 0.01 g 0 ,:: ?.2 0.01 g 0 

..oc1.111un:;; uu•-.;a• v<.ur.. .,.., •• •• ._,.n., ...,.,., ..... ...,..,,,,..,,..,..,. ...... , ..... , .......... 
sample# A B 

inoculum # gositive inoculum # QOSitive MPN/g inoculum # gositive inoculum # 12ositive MPN/g 

1 0.1 g 0 0.01 g 0 <2 0.1 g 0 0;01 g 0 .~:? 

2 0.1 g 0 0.01 g 0 <, ·;_;: 0.1 g 0 0.01 g 0 "::: 
3 0.1 g 0 0.01 g 0 < .i 0.1 g 0 0.01 g 0 .-:: ·:2 

4 0.1 g 0 0.01 g 0 ,-~ :~ 0,1 g 1 0.01 g 0 :: 
5 0.1 g 0 0.01 g 0 0.1 g 0 0.01 g 0 

6 0.1 g 0 0.01 g 0 . ; -~ 0.1 g 1 0.01 g 0 .. 
7 0.1 g 0 0.01 g 0 < .:' 0.1 g 0 0.01 g 0 ,·:· ':' 

8 0.1 g 1 0.01 g 0 0.1 g 0 0.01 g 0 

9 0.1 g 0 0.01 g 0 2 0.1 g 0 0.01 g 0 

10 0.1 a 0 0,01 n 0 ., ?. 0.1 a 0 0.01 n 0 <2 



July 21 

Trial II, frozen July 21, 2003 

--··· ·- --·-· --- - . -- --· - . - . ·-·· ·-·· - -- - --· 
fresh samples pH =6.11 Moisture = 84. 7% IQF Frozen pH= 6.43 moisture = 86.5% 

8 tt QQ§ltiv~ o( ~ e '/1. QQSi!jVg Of ~ §£!mgle '!J. 6 la 
sample# 10-3 dlln. 10-4 dlln 10-5 diln. MPN 10-3 diln. 10-4 dlln 10-5 dlln. MPN \ngcu!ym # pos~lvg MEl!./.g inoculum # pgsitlve MPN/g 

1 3 2 3 2.8X104 2 2 2 3.6 X 103 1 0.1 g 5 > 30 0.1 g 5 > 30 
2 2 3 3 1.1 X105 3 3 2 1.1 X105 2 0.1 g 5 > 30 0.1 g 5 > 30 
3 3 3 3 1.1X105 3 2 2 2.1 X 104 3 0.1 g 5 > 30 0.1 g 5 > 30 
4 3 3 2 1.1 X105 2 2 3 4.2 X 104 4 0.1 g 5 > 30 0.1 g 5 > 30 
5 3 3 2 1.1X105 3 3 2 1.1 X105 5 0.1 g 5 > 30 0.1 g 5 > 30 

10-4 diln. 10-5 diln. 10-6 dlln MPN 10-4 diln. 10-5 dlln. 10-6 dlln MPN 
6 3 3 3 >1.1 X106 3 3 1 4,6X105 6 0.1 g 4 16 0.1 g 4 16 
7 3 3 3 >1.1X106 3 3 3 >1,1 X 106 7 0.1 g 5 > 30 0.1 g 5 > 30 
8 3 3 3 >1.1X106 3 3 1 4.6 X 105 8 0.1 g 5 > 30 0.1 g 5 > 30 
9 3 3 1 4.6 X 105 3 3 3 >1.1X106 9 0.1 g 5 > 30 0.1 g 5 > 30 
10 3 3 2 1.1X106 3 3 1 4.6 X 105 1n 0.1 n 5 > 30 O 1 n 5 > 30 

sample# A B ssimplg # A B 
inoculum # Qositlve MPN/g \nogUIUOJ # posit\v!i! MEl!./.g ~ # positive MEJ:!!.g inogulum # gQ§ilive MPN/g 

1 0.1 g 5 > 30 0.1 g 5 > 30 6 0.1 g 0 <2.2 0.1 g 1 2.2 
2 0.1 g 2 5.1 0.1 g 5 > 30 7 0.1 g 2 5.1 0.1 g 1 2.2 
3 0.1 g 5 > 30 0.1 g 5 > 30 8 0.1 g 2 5.1 0.1 g 2 5.1 
4 0.1 g 4 16 0.1 g 4 16 9 0.1 g 1 2.2 0.1 g 1 2.2 
5 0.1 g 5 > 30 0.1 g 5 > 30 10 0.1 g 1 2.2 0.1 g 2 5.1 

OF QH = 6.24 moisture ;87.9% ( an samQ!es to Hameton) 
8 ~[lglg'/1 A 8 

inoculum # posi!lv~ M.e.t:li9 inqcylum "11 pg~ltive MEl!./.g lngcy\ym # QQ2itjvg MPN/g jnggu\um # QQSltiv~ MPN/g 
1 0.01g 0 < 22 0.01g 1 22 6 0.01g 0 < 22 0.01g 3 92 
2 0.01g 0 < 22 0.01g 0 <22 7 0.01g 0 < 22 0.01g 1 22 

3 0.01g 0 < 22 0.01g 0 <22 8 0.01g 1 22 0.01g 2 51 
4 0.01g 0 < 22 0.01g 1 22 9 0.01g 2 51 0.01g 2 51 

5 0.01g 1 22 0.01g 1 22 10 0.01g 3 92 0.01g 2 51 

H = 6.27 moisture = 89.2% 
8 §@tDQ!sl 'Ii. A 8 

i.nQQJJJl.!.m # gosiitve M.e.t:li9 i.QQQYl.lJ.ro # QQ§i!iv~ M!:.t:!Lg ltJQQ!JlYOJ # QOi;ii!iVe M!:.t:!Lg ingculum # QQi;iltjv~ M!:.t:!Lg 

1 0.01g 5 > 160 0.01g 5 > 160 6 0.01g 2 51 0.019 2 51 

2 0.01g 3 92 0.01g 4 160 7 0.01g 2 51 0.01g 2 51 

3 0.01g 4 160 0.01g 3 92 8 0.01g 1 22 0.01g 2 51 

4 0.01g 3 92 0.01g 4 160 g 0.01g 2 51 0.01g 2 51 

5 O.D1>1 5 > 160 _0.01g 5 > 160 _ 19__ __ 0.01g 1 22 _ 0.01g 1 22 
-



July21 

samele date: Seet. 16, 8 Weeks fs!0F ( e 9! 
sampje # A B samQl!il '!f. A B 

~ # QOSitlve MPN/g ~ ti, QQS[!ivg M.EJ::lig jnoculum '11 QQ§lllvg MPN/g inoculum # QOSit\v~ M.EJ::lig 

1 0.01g 2 51 0.01g 3 92 6 0.01g 2 51 0.01g 3 92 

2 0.01g 3 92 0.01g 3 92 7 0.01g 4 160 0.01g 3 92 

3 0.01g 4 160 0.01g 3 92 8 0.01g 4 160 0.01g 3 92 

4 0.01g 3 92 0.01g 4 160 9 0.01g 5 > 160 0.01g 4 160 

5 0.01g 5 > 160 0.010 4 160 10 0.010 2 51 0.01A 2 51 

OF ~ - -
§:simgle'!t, A B 

i=!lml tJ. QQ§i!ivg M.EJ::lig ~ # gQ§l!IV~ M.EJ::lig IDQ~l!.!Q'.l # QO§l!lve M.EJ::lig jngculum # (20§[!jV!iJ M.EJ::lig 

1 0.01g 0 < 22 0.01g 1 22 6 0.01g 1 22 0.01g 0 < 22 

2 0.01g 3 92 0.01g 0 < 22 7 0.01g 2 51 0.01g 2 51 

3 0.01g 1 22 0.01g 0 < 22 8 0.01g 1 22 0.01g 1 22 

4 0.01g 4 160 0.01g 2 51 9 0.01g 1 22 0.01g 1 22 

5 0.01g 0 < 22 0.01g 0 < 22 10 0.010 2 51 0.01q 1 22 

samele date: Oct. 13, 12 Weeks @OF pH = 6.57 moisture = 86.9% 

~ A 

~ # QQSltlv~ ~ # QQ~lliV!;l MEWg ~ 'It QQ§t!lyg ~ 1t 12Q§itivg M.EJ::lig 

1 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g 0 <2 

2 0.1 g 1 0.01 g 0 2 0.1 g 2 0.01 g 0 5 

3 0.1 g 1 0.01 g 0 2 0.1 g 1 0.01 g 0 2 

4 0.1 g 1 0.01 g 2 6 0.1 g 2 0.01 g 1 7 

5 0.1 g 4 0.01 g 2 22 0.1 g 3 0.01 q 0 8 

6 0.1 g 1 0.01 q 0 2 0.1 q 1 0.01 g 0 2 

7 0.1 g 2 0.01 g 0 5 0.1 g 2 0.01 g 1 7 

8 0.1 g 2 0.01 g 0 5 0.1 g 0 0.01 g 0 <2 

9 0.1 q 2 0.01 q 0 5 0.1 q 1 0.01 q 1 4 

10 0.1 O 1 0.01 A 0 2 0.1 o 0 0.01 o 0 <2 



July 21 

samele date: Oct. 271 14 Weeks @OF ( all sameles to MlsslssleeQ 
§amg;le # A B 
~ # QQ§i!iV~ ln2£!d!!!m # );!Q§!tlv~ MPN/o in~rum # Q2§11lve ~ #Q~lll:& Me.tl/g 

1 0.1 g 3 9.2 0.1 g 0 < 2.2 
2 0.1 g 3 9.2 0.1 g 3 9.2 
3 0.1 g 3 9.2 0.1 g 3 9.2 
4 0.1 g 0 < 2.2 0.1 g 0 < 2.2 
5 0.1 g 3 9.2 0.1 g 2 5.1 
6 0.1 g 1 2.2 0.1 g 0 < 2.2 
7 0.1 g 1 2.2 0.1 g 1 2.2 
8 0.1 g 0 < 2.2 0.1 g 1 2.2 
9 0.1 g 0 < 2.2 0.1 g 0 < 2.2 
10 0.1 0 < Qj a 0 < 

samele date: Nov. 10, 16 Weeks@OF ( a!I sameles to Hametonl 
~ A B 

inoculum ~ QQ§itlve inoculum # QQSltiv~ M.!:lli9. lQO!;;:!J!U!] ! QQ§itiv~ ~ t1, 12osJ1ive MPN/g 
1 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g 0 <2 
2 0.1 g 1 0.01 g 0 2 0.1 g 1 0.01 g 0 2 
3 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g 0 <2 
4 0.1 g 2 0.01 g 0 5 0.1 g 1 0.01 g 0 2 
5 0.1 g 1 0.01 g 0 2 0.1 g 1 0.01 g 0 2 
6 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g 0 <2 
7 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g 0 <2 

8 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.Q1g 0 <2 
9 0.1 g 1 0.01 g 0 2 0.1 g 0 0.01 g 0 <2 
10 0.1 g 0 Q 01 g 0 <2 0.1 g 0 0 0l g 0 <2 



Aug. 11 

Trial Ill, frozen Aug. 11, 2003 

1-5 Ham ton 6-10 B'Bun 
fresh samples pH = 6.39 Moisture = 82.5% IQF frozen pH= 6.49 moisture;; 87.2% 

A # QOsitive of 3 B # 12QSitive of 3 samg1e # A B 
sample# 10-4 diln. 10-5 diln 10-6 diln. MPN 10-4 diln. 10-5 diln 10-6 diln. MPN 'inoculum # Qositive MPN/g inoculum # QOsitive MPN/g 

1 3 3 3 1.1X107 3 2 3 2.9X10s 1 0.1 g 3 9 0.1 g 3 9 
2 3 1 1 7.5 X 105 3 2 2 2.1 X 106 2 0.1 g 1 2 0.1 g 2 5 
3 3 3 3 1.1 X 107 3 3 2 1.1 X 107 3 0.1 g 2 5 0.1 g 2 5 
4 3 3 1 4.6 X 106 3 3 1 4.6 X 106 4 0.1 g 3 9 0.1 g 4 16 

5 3 2 1 1.5X10G 3 2 1 1.5X10e 5 0.1 g 3 9 0.1 g 3 9 
6 0.1 g 4 16 0.1 g 4 16 
7 0.1 g 5 > 30 0.1 g 5 > 30 
8 0.1 g 5 > 30 0.1 g 5 > 30 
9 0.1 g 5 > 30 0.1 g 5 > 30 
10 0.1 5 > 30 0.1 g 5 > 30 

samQle d~te: Qct. 7, 8 Weeks@~ F (all sa 
samgle # A 

inoculum # gositive MPN/g inoculum # g:ositive MPN/g 
1 0.01 g 3 92 0.01 g 4 160 
2 0.01 g 3 92 0.01 g 4 160 
3 0.01 g 2 51 0.01 g 2 51 
4 0.01 g 1 22 0.01 g 4 160 
5 0.01 g 0 < 22 0.01 g 1 22 
6 0.01 g 2 51 0.01 g 4 160 
7 0.01 g 4 160 0.01 g 2 51 

8 0.01 g 2 51 0.01 g 3 92 
9 0.01 g 2 51 0.01 g 3 92 
10 0.01 g 3 92 _0.01 q 2 51 

am12le date; Oct. 21, 10 Weeks 
sami;i:le # A 

inoculum # 12:ositive MPN/g inoculum # gositive MPN/g 

1 0.01 g 2 51 0.01 g 3 92 
2 0.01 g 1 22 0.01 g 2 51 

3 0.01 g 2 51 0.01 g 3 92 
4 0.01 g 2 51 0.01 g 1 22 
5 0.01 g 1 22 0.01 g 2 51 
6 0.01 g 3 92 0.01 g 3 92 
7 0.01 g 3 92 0.01 g 2 51 

8 0.01 g 2 51 0.01 g 3 92 

9 0.01 g 2 51 0.01 g 2 51 

10 __ 0001 q 2 s·, 0.01 q 3 92 



/ . 

Aug, 11 

Trial Ill, frozen Aug. 11, 2003 

_S,.)_J:_r'\Qle date: Aug. 11 1 da:t zero (1-5 Hameton, 6-10 B'Burg) 
fresh samples pH = 6.39 Moisture"" 82.5% !OF frozen pH= 6.49 moisture"' 87 .2% 

6 # pgsl~lve Qf ~ §: # pQs!tll'.e of 3 sample# A 6 

~ 10-4diln. 10-5 dlln 10-6 dlln. MPN 10-4 diln. 10-5 diln 1Q..6 di!n. MPN ~ ~ MEN.ls ~ # pos[tive MEN.ls 
1 3 3 3 1.1 X107 3 2 3 2.9 X 106 1 0.1 g 3 9 0.1 g 3 9 

2 3 1 1 7.5 X 105 3 2 2 2.1 X 106 2 0.1 g 1 2 0.1 g 2 5 

3 3 3 3 1.1X107 3 3 2 1.1 X 101 3 0.1 g 2 5 0.1 g 2 5 

4 3 3 1 4.6 X 106 3 3 1 4.6 X 106 4 0.1 g 3 9 0.1 g 4 16 

5 3 2 1 1.5 X 106 3 2 1 1.5X106 5 0.1 g 3 9 0.1 g 3 9 
6 0.1 g 4 16 0.1 g 4 16 
7 0.1 g 5 > 30 0.1 g 5 > 30 
8 0.1 g 5 > 30 0.1 g 5 > 30 
9 0.1 g 5 > 30 0,1 g 5 > 30 
10 0.1 S 5 > 30 0.1 g 5 > 30 

~ A 6 ~ A 6 
inoculum # positive MPN/g l.n2£l.!JUm # positive MEN.ls ~ # posjtlve MEN.ls ~ ~ MEN.ls 

1 0.01 g 4 160 0.01 g 5 > 160 6 0.01 g 5 > 160 0.01 g 4 160 

2 0.01 g 5 > 160 0.01 g 4 160 7 0.01 g 5 > 160 0.0, g 4 160 

3 0.0, g 5 > 160 0.01 g 5 > 160 8 0.0, g 5 > 160 0.01 g 5 > 160 

4 0.01 g 5 > 160 0.01 g 5 > 160 9 0.01 g 5 > 160 0.0, g 5 > 160 

01 g 5 > 160 10 O 01 g 5 > 160 9 01 

, al! samC!l~s tQ Mlsslssli:iC!D 
sample# A 6 ~ A 6 

~ ~ MPNlg ln2.i.Y!Y.m ~ MEN.ls lnocujum # positive MEN.ls la.2E!!!dm ~ MEN.ls 
1 0.0, g 1 22 0.01 g 0 < 22 6 0.01 g 3 92 0.01 g 4 160 

2 0.01 g 5 > 160 0.01 g 3 92 7 0.01 g 4 160 0.01 g 5 > 160 

3 0.0, g 5 > 160 0.01 g 5 > 160 8 0.01 g 5 > 160 0.01g 5 > 160 

4 0.01 g 5 > 160 0,01 g 5 > 160 9 0.01 g 5 > 160 0,01 g 5 > 160 

0 01 a 4 160 0 01 g 5 ~Q_Q 10 0 01 q 4 160 0 01 g 5 > 1 

Sil;mt;2lt Q!!l!:: OJ 
sample# A 

lngculym # positive ~ # positive MEN.ls ~ # positive ~ ~ MEN.ls 
1 0.1 g 0 0.0, g 0 <2 0.1 g 0 0.0, g 0 <2 

2 0.1 g 0 0.01 g 0 <2 0.1 g 0 0.0, g 0 <2 

3 0.1 g 0 0,01 g 1 2 0.1 g 0 0.01 g 0 <2 

4 0,1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g 0 <2 

5 0.1 g 1 0.01 g 2 6 0.1 g 0 0.01 g 1 2 

6 0.1 g 0 0.01 g 3 6 0.1 g 0 0.01 g 4 8 

7 0.1 g 1 0.0, g 2 6 0.1 g 0 0.01 g 2 4 

8 0.1 g 1 0.01 g 0 2 0.1 g 1 0,01 g 0 2 

9 0.1 g 2 0.01 g 1 7 0,1 g 3 0,01 g 1 '\ 1 

1Q ___ o_. 1 q _o 0,01 o - _j _J_ -~" 0 0_.01 g 1 2 



Aug. 11 

--··· ·- - .. ·-· -~ .. -· ,w ··----- ·-. -·· --· .. ·-- ·- . ·-·. __ ., 

~ A 8 
lnoculum # positive inoculum # posftive MElli9. iaoculum ~ inoculum # positive MElli9. 

1 0.1 g 0 0.01 g 4 8 0.1 g 0 0.01 g 4 8 
2 0.1 g 0 0.01 g 5 10 0.1 g 0 0.01 g 4 8 
3 0.1 g 0 0.01 g 5 10 0.1 g 0 0.01 g 2 4 
4 0.1 g 0 0.01 g 4 8 0.1 g 0 0.01 g 5 10 
5 0.1 g 0 0.01 g 5 10 0.1 g 0 0.01 g 4 8 
6 0.1 g 0 0.01 g 3 6 0.1 g 0 0.01 g 4 8 
7 0.1 g 0 0.01 g 3 6 0.1 g 0 0.01 g 3 6 
8 0.1 g 0 0.01 g 3 6 0,1 g 0 0.01 g 4 8 
9 0.1 g 1 0.01 g 3 8 0.1 g 1 0.01 g 4 10 
10 0.1,., 2 0.01,., 5 17 0.1 n 1 0,01 ,., 4 10 

samele date: Nov. 31 12 Weeks@:-16 F eH"' 6,39 moisture= 87.2% {all sam12!es to Hameton 
~ A 8 
~ ~ ~ # POSitive MElli9. in.29d!.!drn # Positive in.29d!.!drn ~ MEllis. 

1 0.1 g 3 0.01 g 5 24 0.1 g 3 0.01 g 4 21 
2 0,1 g 3 0.01 g 4 21 0.1 g 2 0,01 g 3 12 
3 0.1 g 4 0.01 g 5 38 0.1 g 3 0.01 g 2 '14 
4 0.1 g 2 0.01 g 5 17 0.1 g 0 0.01 g 3 6 
5 0.1 g 4 0.01 g 5 38 0.1 g 0 0.01 g 4 8 
6 0.1 g 3 0.01 g 4 21 0.1 g 0 0.01 g 5 10 
7 0.1 g 4 0.01 g 4 32 0.1 g 2 0.01 g 4 14 
8 0.1 g 2 0.01 g 3 12 0.1 g 4 0.01 g 2 22 
9 0.1 g 1 0.01 g 2 6 0.1 g 2 0.01 g 3 12 

10 0.1 9 2 0.01 g 4 14 0.1 g 4 0.01 g 2 22 

112!§ Qal!:; ~siv j7, 14 ~~e~~ @•j§ E ( ~11 ~mi;ir~s t2 Mi~H;ii~sli;ipi} 
~ A 8 I 

in9culum # posjtfve MPN/g inoculum ~ MPN/g 
1 0.01 g s > 160 0.01 g 3 92 
2 0.01 g 4 160 0.01 g 3 92 
3 0.01 g 4 160 0.01 g 5 > 160 
4 0.01 g 4 160 0.01 g 3 92 
s 0.01 g s > 160 0.01 g s > 160 
6 0.01 g 5 > 160 0.01 g 5 > 160 
7 0.01 g 3 92 0.01 g 4 160 
8 0.01 g 5 > 160 0.01 g 5 > 160 
9 0.01 g 5 > 160 0.01 g 5 > 160 

10 _MJg__ 2 51 QM_g 2 51 

samn1e oa1e; 1.1ec ·1 ·10 vveeKS •w-·10 r- a11 ::;arl'l"''o.,::; ,o 1v11::;S'::;::;1 ' 
~ A 8 
~ ~ MElli9. lnOil!J.l!m ~ MEt1Ls 

1 0.01 g 5 > 160 0.01 g 5 > 160 
2 0.01 g 1 22 0.01 g 2 51 
3 O.D1 g 4 160 O.D1 g 5 > 160 
4 0.01 g 3 92 0.01 g 3 92 
5 0.01 g 3 92 0.01 g 2 51 
6 0.01 g 3 92 0.01 g 5 > 160 
7 0.01 g 3 92 0.01 g 4 160 
8 0.01 g 3 92 0,01 g s > 160 
9 0.01 g 5 > 160 0.01 g 5 > 160 

10 0.01 n 4 160 0.01 n 3 92 



Aug, 11 

sam~le date: Nov. 3, 12 Weeks @-0 F (all ~amQles to B'Buri 
~ample# A B 

inoculum # gositive MPN/g inoculum # t;1:ositive MPN/g 
1 ,0.01 g 4 160 0,01 g 3 92 
2 0,01 g 2 51 0,01 g 2 51 
3 0,01 g 3 92 0,01 g 3 92 
4 0.01 g 5 > 160 0.01 g 4 160 
5 0,01 g 3 92 0.01 g 3 92 
6 0.01 g 3 92 0,01 g 2 51 
7 0.01 g 2 51 0,01 g 2 51 
8 0,01 g 1 22 0.01 g 2 51 
9 0.01 g 1 22 0,01 g o < 22 
10 0.01 g 1 22 0.01 g 1 22 

sam12le date; Nov. 1Zi 14 Weeks 
sam~ A 

inoculum # QOSitive MPN/g inoculum # QQSitive MPN/g 
1 0.01 g 4 160 0.01 g 3 92 
2 0.01 g 4 160 0.01 g 5 > 160 
3 0.01 g 4 160 0,01 g 5 > 160 
4 0,01 g 1 22 0.01 g 3 92 
5 0.01 g 3 92 0.01 g 3 92 
6 0.01 g 1 22 0.01 g 1 22 
7 0.01g 3 92 0.01 g 4 160 
8 0.01 g 5 > 160 0.01 g 4 160 
9 0,01 g 4 160 0.01 g 3 92 
10 0.01 g 4 _160 0.01 g_ -- 4 160 

........... , .............. .., ___ .. ,~ ........... .., .. ..,,, . ,.,,,..,., ,.,..,,.., .... , ... '-''J•'-''" ...,,., ... ,,, .. , ....... , ... ' ,,..,,,..,,...,,, 
samQle # A B 

inocu\um # gositive inoculum # 12ositive M£l:j/g inoculum # g:ositive inoculum # Qositive MPN/g 
1 0.1 g 0 0.01 g 0 <2 0,1 g o 0.01 g 1 2 
2 0,1 g 0 0.01 g 1 2 0.1 g 1 0,01 g 1 4 
3 0.1 g 1 0,01 g 1 4 0.1 g 3 0.01 g 1 11 
4 0,1 g 3 0,01 g 1 11 0.1 g 2 0.Q1g 0 5 
5 0,1 g 0 0,01 g 1 2 0,1 g 0 0.01 g 1 2 
6 0,1 g 0 0.01 g 0 <2 0.1 g 0 0.01 g o <2 
7 0.1 g 2 0.01 g 0 5 0.1 g 1 0.01 g 0 2 
8 0.1 g 1 0.01 g 1 4 0.1 g 1 0.01 g 1 4 

9 0.1 g o 0.Q1g 0 <2 0.1 g o 0.01 g o <2 
10 0.1 a o 0.01 n 0 <2 0.1 n 0 0,01 n 0 <2 



Trial IV, frozen Aug. 18, 2003 Aug. 18 

11-5 at Hameton, 6-10 B'bur, 
tr~b §~[!Ql~ pH = 6.40 Moisture = 85.8% JQE Frozen pH= 6.35 moisture = 90.5% 

A # po~)tlve of 3 B # QOS!tlve Qf 3 sample# A B 
~ 10-4 diln. 10-5 diln 10-6 diln. MPN 10-4 dlln. 10-5 dlln 10-6 diln. MPN inqgulum ft. QQSitlvg MEHLg inqcufum # QOSitive MPN/g 1 3 3 0 2.4X105 3 3 2 1.1 X106 1 0.01 g 3 92 0.01 g 4 160 2 3 3 0 2.4X105 2 2 1 3.6 X 10, 2 0.01 g 4 160 0.01 g 4 160 3 2 3 1 3.6 X 10, 2 3 1 3.6X104 3 0.01 g 5 > 160 0.01 g 4 160 4 2 0 0 9.3 X 103 2 2 0 2.1 X 104 4 0.01 g 2 51 O.Q1 g 3 92 5 2 2 2 3.5 X 104 3 3 0 2.4X 105 5 0.01 g 4 160 0.01 g 4 160 6 3 2 0 9.3 X 10, 3 2 1 1.5X105 6 0.1 g 4 16 0.1 g 4 16 7 2 0 0 9.3 X 103 3 0 0 2.3 X 104 7 0.1 g 5 > 30 0.1 g 5 > 30 8 3 3 0 2.4 X 105 3 2 1 1.5X105 8 0.1 g 5 > 30 0.1 g 5 > 30 9 3 2 1 1.5X105 3 1 0 4.3X10, 9 0.1 g 5 > 30 0.1 g 5 > 30 10 3 1 0 4.3 X 10, 2 0 0 9.3 X 103 10 0.1 g 5 > 30 0.1 g 5 > 30 

~ A B Ss!mQle # A B 
~ # QOSl!ive MEHLg ioocul!.!m # positivg MEtli9 jnqculum "/1. QO§iijV~ MEHLg inogulum # QOSi!ive MPN/g 1 0.01 g 2 51 0.01 g 3 92 6 0.01 g 0 < 22 0.01 g 0 < 22 

2 0.01 g 1 22 0.01 g 2 51 7 0.01 g 0 < 22 0.01 g 1 22 
3 0.01 g 1 22 0.01 g 2 51 8 0.01 g 1 22 0.01 g 0 < 22 
4 0.01 g 0 < 22 0.01 g 1 22 9 0.01 g 0 < 22 0.01 g 0 <22 
5 0.01 g 0 < 22 0.01 g 0 < 22 10 0.01 g 0 < 22 0.01 g 1 22 

samg;le date: Oct.13 1 S Weeks@.15 F (1-5 to Mississlggi} (6-10 to B'Bun 
sample# A B samgle# A B 

inoculum # QOSltive MEHLg IQQQUl!,![l '/1. QOSi!ive MPN/g in99ylum # QO~@ve MPN/g ~ # positive MPN/g 
1 0.01 g 0 < 22 0.01 g 1 22 6 0.01 g 4 160 0.01 g 2 51 
2 0.01 g 2 51 0.01 g 2 51 7 0.01 g 3 92 0.01 g 3 92 
3 0.01 g 0 < 22 0.01 g 0 < 22 8 0.01 g 3 92 0.01 g 4 160 
4 0.01 g 1 22 0.01 g 2 51 g 0.01 g 4 160 0.01 g 4 160 
5 0.01 g 0 < 22 0.01 g 0 < 22 10 O.Q1 g 2 51 0.01 g 1 22 

samgle date: Oct.27 1 10 Weeks@-15 F (1-5 to MlssissipQI) (6-10 to B'Bur, 
sample# A B Ss:!DJQle # A B 

lnoculum # QQSi!ive MPN/g iooculym 'rt_ 12QSjtiv~ MPN/g ~ # QQSitlve MEHLg iQQQUl!Jm # QQsltive MPN/g 
1 6 0.01 g 2 51 0.01 g 0 .-: 22 
2 7 O.Q1g 1 22 0.01 g 0 ,, 22 
3 8 0.01 g 2 51 0.01 g 0 < 22 
4 9 0.01 9 2 51 0.01 g 2 51 
5 10 0.01 g 1 22 O.Q1 g 2 51 

samQle date: Nov. 10, 12 Weeks @~15 F ( al! samQles to MlssisslQQi) (6-10 to B'Bur, 
~ A B SS:HI!Q]e 1J. A 8 

in9culum # Qositive MEHLg ill.QQ!.ill!.!2 # gositive MEHLg iOQC!.JlUt}J "/1 g9sitjve MEHLg jnoculum # QOSitivf:; MEHLg 
1 0.01 g 0 < 22 0.01 g 0 <22 6 0.01 g 0 < 22 0.01 g 0 < 22 
2 0.01 g 0 < 22 0.01 g 0 < 22 7 0.01 g 0 < 22 0.01 g o < 22 
3 0.01 g 0 < 22 0.01 g 0 < 22 8 0.01 g 0 < 22 0.01 g 0 < 22 
4 0.01 g 0 < 22 0.01 g 0 < 22 9 0.01 g 0 < 22 0.01 g 0 < 22 
5 0.01~--0 < 22 0.01 g 0 <22 10 0.01 g 0 < 22 0.01 jl_ 0 < 22 



--··· ·- ----· -•-•l>J•• ........... y ........ .., 

Sept. 9 

Trial V, frozen Sept. 9, 2003 

,--.., I lc;IIIIUlUII/ 1u~1u OOUlUI 

fresh samQles 
A, # QOSitive of 3 B, # Qositive of 3 

samQle # 10-4 diln. 10-5 diln 10-6 diln. MPN 10-4 diln. 10-5 diln 10-6 diln. MPN 
1 3 3 3 >1.1X106 3 3 3 >1.1 X 106 
2 3 3 3 >1.1 X 106 3 3 2 1.1 X 106 
3 3 2 3 2.9X105 3 3 3 >1.1X10e 
4 3 3 3 >1.1X10e 3 3 3 >1.1 X 106 
5 3 3 3 >1.1X106 3 2 3 2.9X105 

A, # Qositive of 3 B, # QOSitive of 3 
samQle # 10-4 diln. 10-5 diln 10-6diln. MPN 10-4 diln. 10-5 diln 10-6 diln. MPN 

6 3 3 1 4.6 X 105 3 3 1 4.6 X 105 
7 3 3 3 >1.1X10e 3 3 3 >1.1X10e 
8 3 3 3 >1.1X106 3 3 3 >1.1 X 106 
9 3 3 3 >1.1X106 3 3 2 1.1 X 106 
10 3 3 0 2.4 X 1 Os 3 3 2 1.1 X 106 

samele date: Nov. 17, 10 Weeks @,0 F eH = 6.24 moisture = 88.4% 
samQle # 

inoculum # Qositive inoculum # Qositive MPN/g inoculum # Qositive inoculum # QOSitive 
1 0.1 g 4 0.01 g 3 27 0.1 g 3 0.01 g 3 
2 0.1 g 5 0.01 g 3 76 0.1 g 3 0.01 g 4 
3 0.1 g 4 0.01 g 4 32 0.1 g 4 0.01 g 2 
4 0.1 g 3 0.01 g 4 21 0.1 g 4 0.01 g 5 
5 0.1 g 3 0.01 g 5 24 0.1 g 3 0.01 g 4 
6 0.1 g 4 0.01 g 5 38 0.1 g 5 0.01 g 5 
7 0.1 g 5 0.01 g 3 76 0.1 g 4 0.01 g 2 
8 0.1 g 4 0.01 g 2 22 0.1 g 3 0.01 g 2 
9 0.1 g 4 0.01 g 5 38 0.1 g 3 0.01 g 1 
10 0.1 g 4 0.01 Q 3 27 0.1 g 4 0.01 g 3 

MPN/g 
17 
21 
22 
38 
21 

> 160 
22 
14 
11 
27 



Sept. 9 

samiile date: Dec. 1, 12 Weeks @-0 F ( all samllles to B'Bun 
sample# A B 

inoculum # positive MPN/g inoculum # positive MPN/q 
1 0.01 g 4 160 0.01 g 5 > 160 
2 0.01 g 4 160 0.01 g 3 92 
3 0.01 g 4 160 0.01 g 4 160 
4 0.01 g 3 92 0.01 g 3 92 
5 0.01 g 3 92 0.01 g 3 92 
6 0.01 g 4 160 0.01 g 5 > 160 
7 0.01 g 3 92 0.01 g 3 92 
8 0.01 g 2 51 0.01 g 3 92 
9 0.01 g 4 160 0.01 g 4 160 
10 0.01 g 5 > 160 0.01 Q 5 > 160 

--••• •- --~-• ---• ,..,, ,-r ... ..,.,..,..., _,_ • " ...,, ,....,. .. ,..,,...,, .... ,.., -- ...,, _...,,.,, <;Ill ..;>Qlll JV-.:> lV I IQJII ~VJI 

sample# A B 
inoculum # positive inoculum # positive MPN/g inoculum # positive inoculum # positive MPN/g 

1 0.1 g 2 0.01 g 0 5 0.1 g 3 0.01 g 2 14 
2 0.1 g 2 0.01 g 3 12 0.1 g 4 0.01 g 1 18 
3 0.1 g 5 0.01 g 3 76 0.1 g 2 0.01 g 1 7 
4 0.1 g 2 0.01 g 2 9 0.1 g 3 0.01 g 3 17 
5 0.1 g 5 0.01 g 1 40 0.1 g 4 0.01 g 1 18 
6 0.1 g 2 0.01 g 4 14 0.1 g 2 0.01 g 2 9 
7 0.1 g 3 0.01 g 1 11 0.1 g 3 0.01 g 1 11 
8 0.1 g 4 0.01 g 3 27 0.1 g 4 0.01 g 2 22 
9 0.1 g 5 0.01 g 2 54 0.1 g 4 0.01 g 4 32 
10 0.1 4 0.01 2 22 0.1 4 0.01 2 22 



Sept. 9 

samele date: Jan. 6, 17 Weeks (1il0 F pH = 6.36 moisture = 88.3% 

sample# A 
inoculum # positive inoculum # positive MPN/g inoculum # positive inoculum # positive MPN/q 

1 0.1 g 5 0.01 g 0 30 0.1 g 4 0.01 g 1 18 

2 0.1 g 3 0.01 g 2 14 0.1 g 5 0.01 g 3 76 

3 0.1 g 5 0.01 g 5 >121 0.1 g 3 0.01 g 3 17 

4 0.1 g 5 0.01 g 4 121 0.1 g 5 0.01 g 4 121 

5 0.1 g 2 0.01 g 3 12 0.1 g 1 0.01 g 3 8 

6 0.1 g 4 0.01 g 4 32 0.1 g 4 0.01 g 4 32 

7 0.1 g 3 0.01 g 4 21 0.1 g 3 0.01 g 0 8 

8 0.1 g 2 0.01 g 1 7 0.1 g 3 0.01 g 0 8 

9 0.1 g 4 0.01 g 2 22 0.1 g 4 0.01 g 2 22 

10 0.1 a 2 0.01 a 2 9 0.1 a 0 0.01 a 3 6 
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sample# A B 

inoculum # positive inoculum # positive MPN/g inoculum # positive inoculum # positive MPN/q 

1 0.1 g 4 0.01 g 3 27 0.1 g 3 0.01 g 2 14 

2 0.1 g 2 0.01 g 5 17 0.1 g 3 0.01 g 5 24 

3 0.1 g 5 0.01 g 5 >121 0.1 g 3 0.01 g 5 24 

4 0.1 g 4 0.01 g 4 32 0.1 g 4 0.01 g 4 32 

5 0.1 g 1 0.01 g 3 8 0.1 g 0 0.01 g 4 8 

6 0.1 g 4 0.01 g 4 32 0.1 g 5 0.01 g 4 121 

7 0.1 g 3 0.01 g 3 17 0.1 g 3 0.01 g 5 24 

8 0.1 g 3 0.01 g 3 17 0.1 g 4 0.01 g 2 22 

9 0.1 g 0 0.01 g 2 4 0.1 g 0 0.01 g 1 2 

10 0.1 n 3 0.01 a 4 20 0.1 a 3 0.01 n 3 17 



;,ome JnllJal l llougllts by the !SSC Workgroup on Validation of Post Harvest Treatment 
Methods for Oysters 

I. Each PHT process must define processing parameters (time at temperature, time at 
pressure, etc.) to serve as the critical limits for the process. Validation of the process 
must be done at the critical process limits. 

2. For initial validation of a process, data on ten processed samples obtained on each of 
three processing days (total of30 samples) are required. All samples used on a 
processing day must come from the same lot of shellfish and be determined to have an 
adjusted geometric mean (AGM) MPN of 100,000 per gram or greater as an initial load. 
Samples should be distributed throughout the processing day. A sample will consist of a 
composite of IO to 12 oysters processed at one time. 

3. Microbiological testing for processed samples will be by a single dilution five-tube MPN, 
inoculating with O. lg of shellfish per tube. 

4. For the process to be validated, no more than three samples out of 30 may fail. Failure is 
indicated by more than two out of five MPN tubes in any sample being positive for V. 
vulnificus. If any one sample has all five MPN tubes positive, the validation process will 
fail. 

For Validation Testing: 
30 samples (ten from each of three processing days) 
5 = the number of tubes in a single dilution series 
0.1 = the amount (g) of sample inoculated into each tube 
2 = the maximum number of positive tubes for each sample to pass; if3 or 4 tubes 

are positive, the sample fails 
3 = the maximum number of SAMPLES out of30 that can fail and the PROCESS 

is validated 
If all five tubes in any one sample are positive, the PROCESS validation fails 
A positive tube is defined as a tube which is confirmed to contain V. vulnificus 

The workgroup is still working on how the adjusted geometric mean for the initial load should be 
determined. 

True concentration Probability(%) of 
(vibrioslg) Process being validated 

1 >95 
2 95 
3 54 
4 11 
5 1 

NOTE: For each sample 
If2 out of 5 tubes are+, the MPN/g is 5 
If 4 out of 5 tubes are+, the MPN/g is 16 
If all 5 tubes are+, the PROCESS is not validated 












