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(ABSTRACT) 

A number of crab processors in the Maryland and Virginia region experienced an 

abnormally high incidence of spoilage in their pasteurized product in the fall of 1989. 

The spoilage was only seen in cans that were processed either shortly before or after 

hurricane Hugo and the majority of spoilage occurred in machine picked meat only. 

All processors pasteurized the meat at least to an Fi~5 of 32 minutes, which is the 

minimum National Blue Crab Industry Association (NBCIA) recommendation. 

Spoiled pasteurized crabmeat, processed in 1989 and 1990, were analyzed for thier 

microbial content. Several cans that had spoiled in 1972 were also analyzed for 

microbial content Isolated organisms were tested for heat tolerance, and those 

organisms able to survive an F11~5 of 32 minutes or longer were identified. Can seams 

were evaluated to determine if the spoilage was due to post processing contamination. 

Approximate D-values were determined for the heat tolerant organisms. 

A psychrotrophic Clostridium sp. was found in all cans tested from a Maryland 

processor, Processor B. This processor only had spoilage in machine picked meat 

pasteurized after hurricane Hugo. Spoilage was seen in cans which had recieved a F}~s 

of 80 to 100 minutes. Spores from this organism had an approximate D-value of 6.5 

minutes at 85 C in brain heart infusion broth (BHI). Cans from Processor B did not 

show any seam defects, and it was concluded that spoilage was due to the survival of 

spores, during pasteurization, from the C/ostridium sp. that were able to outgrow at the 

temperature at which crabmeat is stored commercially. 

A Bacillus sp., possibly Bacillus pasteuranii, was found in one can from Processor 



B. Spores from this organism have an approximate D-value of 26.5 minutes in BHI 

broth at 85 C. This organism is unable to grow at refrigeration temperatures and it is 

not felt to have caused spoilage in the crabmeat 

The Clostridium sp. found in cans from Processor B, pasteurized in 1989 and 

1990, was also found in a can of jumbo lump meat from Processor D, processed in 

1989, and a can of claw meat from Processor E, pasteurized around 1972. 

Cans from Processor A, who saw small amounts of spoilage before hurricane 

Hugo and in some hand picked meat as well as machine piced meat had can seam 

measurements which did not meet specifications. It was concluded that spoilage from 

this processor was due to post-processing contamination. 

Crab processors must be aware that spores, from organisms that are able to 

outgrow at refrigeration temperatures, are able to survive pasteurization. The 

Clostridium sp. isolated in this study is one example. Processors will need to make 

sure their product is recieving sufficient heat to kill all spores of these organisms, 

while still maintaining a product with good sensory characteristics. It appears, from 

this study, that crab processors may want to increase the F-value that a lot of crabmeat 

recieves after major storms, since the Clostridium sp. seemed to show up after 

hurricanes. Finially, crab processors need to be stringent in their sanitation and 

cleanliness so as to minimize the numbers of these types of organisms in their product. 
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1.0.0 INTRQDUCTION 

The blue crab (Callinectes sapidus) is found along the Atlantic coast from 

Massachusetts to Florida and is also found in the Gulf of Mexico (Cockey and Chai, 

1991). It is commercially fished in the United States from Maryland to Texas (Phillips 

and Peeler, 1972) and economically, is one of the most valuable seafoods harvested 

(Ingham and Moody, 1990), being second only in dollar amount to shrimp (Cockey and 

Chai, 1991). Total blue crab landings for 1992 were 192.7 million pounds (lbs.) (U. S. 

Dept of Commerce, 1993 ). Typically, blue crab meat is either sold as fresh or 

pasteurized (Cockey and Chai, 1991) and, even under the best of circumstances, it is a 

highly perishable product (Deoghwan et al., 1992). Despite years of research and 

experience, spoilage remains a problem for the industry. Unlike the other major crab 

species harvested in the U.S. (Dungeness, King, Tanner and Snow), the blue crab is 

harvested from coastal and estuarine waters and is, therefore, more susceptible to 

environmental influences. These environmental factors affect the microbiological flora 

of the crab which can affect the shelf life of the processed meat (Cockey and Chai, 1991 ). 

Aside from safety, spoilage is the greatest concern of the blue crab processor (Hackney 

et al., 1991 ). 

In the spring of 1990, industry, government, and academic representatives met in 

Baltimore to discuss problems facing the industry, especially spoilage. During the 

previous year, a number of processors indicated that they had an abnormally high 

incidence of spoilage in their pasteurized product, even though all claimed that they had 

not processed any differently than in years past (NBCIA Meeting, May 1990). 

One Maryland processor indicated that he had seen spoilage rates ranging from 2-3% 

in lots processed in late September, 1989, to as much as 80% in lots processed near the 

end of November> 1989 (NBCIA Meeting, May 1990). (Segner reports these rates as 1-

2% and approximately 100%, respectively) (Segner, 1992). This processor's spoilage 
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occurred only in machine picked meat which had been pasteurized to an F1;sof at least 

32 minutes and first appeared in lots processed after hurricane Hugo. The full brunt of 

hurricane Hugo did not hit the area in which this processing plant was located and, 

although the marine environment was disrupted, there was no flooding or power outages 

in the plant (Segner, 1992). 

This plant employs two Quik-Pik machines in its machine picking operation which 

shake meat onto a conveyor belt. The meat is handpacked at a temperature of 

approximately 32 C and pasteurized immediately in an atmospheric water bath. After 

pasteurization, the cans are cooled in ice water to a temperature of 27 C or less and 

refrigerated to achieve a final temperature of 0-1 C. After approximately 6 hours, product 

temperature was reported to be 6 C. Handling, distribution and storage was reported to 

be at 2 C or less (Segner, 1992). 

This processor also had a similar type of spoilage in machine picked cans the 

following year (cans were pasteurized in Sept 1990 and spoiled in March 1991 ). Spoilage 

was to a much lesser extent than the previous year and these cans had been pasteurized 

to an Fl~s of 80 to 100 minutes (Tolley, personal communication, 1991). 

A second Maryland processor also reported higher than normal spoilage rates for 

product that was pasteurized in the fall of 1989. However, spoilage at this plant appeared 

to be slightly different than that of the plant mentioned above. Most of the spoilage from 

the second Maryland processor came from their machine picking operation, but there was 

a higher than normal rate of spoilage in their hand picked pasteurized meat also. This 

processor detected spoilage in meat that had been pasteurized before hurricane Hugo 

(NBCIA Meeting, May 1990). 

Many east coast processors, other than the two mentioned above, reported higher than 

normal spoilage rates for meat that was pasteurized in the fall of 1989. The purpose of 

the research presented here was to determine the cause of spoilage and to determine 

corrective actions to be taken. 
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2.0.0 LITERA TUBE REVIEW 

2.1.0 Pasteurization of Crabmeat 

Pasteurization is a relatively mild heat treatment given to foods that use another 

means of preservation, such as refrigeration, dehydration, or concentration, to suppress the 

growth of organisms able to survive the heat treatment (Stumbo, 1973). It results in foods 

that have color, texture, and flavor similar to the "fresh" product, but which have longer 

shelf lives (Hackney et al., 1991). Anzulovic and Reedy first developed a pasteurization 

process for crabmeat in 1942. This was later improved upon and patented by Byrd in 

1951 (Cockey and Chai, 1991 ). Crabmeat does not lend itself to harsher heat treatments 

because of blueing and off flavors (Lynt et al., 1977). 

Most blue crab processors pasteurize during the summer and fall months while 

supplies are abundant. This allows crabmeat to be sold to a wider market year round by 

extending the shelf life considerably (Dickerson and Berry, 1976). If adequately 

refrigerated, pasteurized crabmeat should have a shelf life of at least 6 months (Solomon 

et al., 1982), but depending upon the amount of heat the product receives, the shelf life 

may be extended to up to 36 months (Hackney et al., 1991). The safety of this product 

is reliant upon proper refrigeration since the pasteurization process is not capable of 

destroying spores of proteolytic Clostridium botulinum strains (Segner, 1992). It is for 

this reason that Canada does not allow pastewization of crabmeat. Regulation B.14.013 

of the Canadian Food and Drug Act states that "no person shall sell a meat, meat by 

product, or preparation thereof, packed in hermetically sealed containers, unless it has 

been heat processed after, or at the time of, sealing at a temperature and time to prevent 

survival of any microorganism capable of producing toxins" (Brown and Erdman, 1980). 

Watermen fish for crabs using either baited pots or trot lines and deliver live crabs 

to processing plants in the late morning or early afternoon. Once at the plant, the crabs 

are cooked by steam or boiling water. Most plants along the east coast steam pressure 

cook, while many plants along the Gulf coast cook by boiling. The amount of cooking 
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is dependent upon product yield and not destruction of microorganisms. After cooking, 

the crabs are left at ambient temperature for approximately 3 to 4 hours in a ventilated, 

screened room. When the crabs reach room temperature they are refrigerated, in many 

cases overnight, to be picked the next morning (Cockey and Chai, 1991 ). 

The blue crab industry is highly labor intensive and workers remove the carapace, 

clean the gills and viscera from the abdominal cavity, and remove the meat from the body 

cavities by hand. Claws are saved for either hand or machine picking at a later time. 

Although practices vary, meat is usually packed and refrigerated/pasteurized each hour, 

or after the picker has picked 5 lbs., whichever comes first. Several plants use machines 

to pick some of their crabmeat (Cockey and Chai, 1991 ). 

In most plants, crabmeat is pasteurized by placing the cans in baskets and lowering 

these baskets into atmospheric water baths. The baths are set at temperatures ranging 

from approximately 186 F to 192 F (85.5 .. 88.8 C) and held anywhere from an hour and 

a half to well over two hours (Dickerson and Berry, 1974). 

The pasteurization process for crabmeat is not based on the inactivation of either an 

organism or enzyme, like most other food pasteurization processes, but is based upon the 

production of a product that has acceptable sensory characteristics and a shelf life of six 

or more months (Ward et al., 1984; Hackney et al., 1991). The industry does have some 

guidelines, however, for achieving a satisfactory shelf life. Tatro et al. developed 

guidelines for the pasteurization of standard (401 x 301) I lb. cans. Their 

recommendation was to hold the meat at 85 C for 1 minute and to cool the meat in an 

ice bath to 37.8 C prior to refrigeration. If the crabmeat is packaged in cans smaller than 

the traditional (401 x 301) I lb. container, underprocessing may occur when using Tatro's 

guideline. Therefore, Ward et al. (1984) recommended using an equivalent process, 

which was derived from Tatro's recommendation of 31 minutes at 185 F and assuming 

a z value of 16 F. This quideline was endorsed in 1984 by the industry's trade 

organization, the National Blue Crab Industry Association (NBCIA) (Hackney et al., 

1991). 
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2.1.1 Mechanical Picking Operations 

The blue crab industry has changed little over the past century. Mechanical pickers 

were first developed to help alleviate personnel shortages but these pickers also cut down 

on the amount of human handling that the crab meat gets (Cockey, 1980). Since the 

major source of contamination for fresh crabmeat comes from the extensive human 

handling it receives (Lynt et al., 1977), it would be expected that machine picked meat 

would be microbiologically superior to hand picked meat. This is not necessarily the 

case,. however, since bacteria can establish themselves in the cracks and crevices of the 

mechanical picker and create bacterial aerosols when in operation (Cockey, 1980). 

Many mechanical pickers have been developed over the years and these machines 

employed a variety of principles for the extraction of meat. These principles include 

removal by vacuum, squeezing, centrifugal force, shaking or vibrating, and crushing. A 

number of problems accompanied each one of these machines, such as cost, complexity 

(especially with regard to cleaning and sanitizing) and unsatisfactory meat quality. No 

machine has yet been able to produce meat with the same quality as hand picked meat, 

with appearance being the major quality defect (Cockey, 1980). 

The Maryland processor having spoilage in machine picked meat only, used a Quik .. 

Pik mechanical picker. This machine was developed by industry businessmen (Sea 

Savory Co.) and can produce upwards of 150 lbs./hr. (24 cores/6 sec.) (Cockey, 1980). 

A reel removes the legs, claws, and swimming fins and separates the claws for later 

picking. The bodies then go to the debacking machine, which removes the carapace and 

trims the ends of the cores. Gills and viscera are removed by brushes and the cores are 

washed by jets of water (Cockey and Chai, 1991). The cleaned cores are hand placed 

onto special racks and either refrigerated for later picking or picked immediately (Cockey, 

1980). In either case, the cores are passed through a steam tunnel before picking and 

heated at 130 F to 150 F (54.4C-65.5C) for 1.5 to 2 minutes (Cockey and Chai, 1991). 

Heating facilitates meat removal and inhibits shell shattering (Cockey, 1980 ). 
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An inflatable bladder holds the racks of cores in place on the Quik-Pik machine. The 

machine oscillates 3/8 inch at approximately 70 hertz and the meat is shaken out of the 

cores onto a conveyor belt where it gets hand packed into cans (Cockey, 1980). 

2,2.0 Aerobic MicroOom qf Fresh Crabmeat 

2.2. l State Regulations for Fresh Crabmeat 

Many states set bacterial limits for fresh crabmeat to ensure consumer safety. The 

Maryland Health Department sets an aerobic plate count (APC) limit of 100,000 colony 

forming units (CFU) per gram of crabmeat and a most probable number (MPN) Esherichia 

coli (E. coli) limit of 36 per 100 grams (Cockey, 1980). Virginia has similar limits: 

100,000 CFU/g. APC, 230 CFU/l OOg. coliforms, 0 CFU/g. Listeria, and 0 CFU/g. 

Salmonella. The Food and Drug Administration (FDA) sets an E. coli limit of 3.6 CFU/g. 

for fresh crabmeat (Flick et al., 1993 ). 

Deoghwan, et al. (1992), indicate that high quality crabmeat should have an APC less 

than 5.0 log CFU/g. and a coliform count less than 3.3 log MPN/lOOg. with no E. coli. 

Wentz" et al. (1983), add that there should be no more than 30 CFU/g. of Staphylococcus 

aurous (S. aurous). 

2.6.2 Microbiological Flora During Processing 

2.2.2.1 Raw Whole Crabs 

Aerobic plate counts of raw whole crabs have been reported to range from 2.0 x 106 

CFU/g. to 7.4 x 107 CFU/g (Tinker and Learson, 1972). Most bacteria are located on the 

surface and gills of the crab with the internal meat being relatively sterile. The number, 

and type, of bacteria are related to the environment in which the crabs are caught 

Shewan and Murray (1979) state that freshwater fish tend to have fewer bacteria than 
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marine fish. This tenant also holds true for crustacea. Tobin and McClesky (1940) 

reported no E.coli present on live crabs. Hackney et al. (1980) reported 1100 coliforms/g 

and 12800 fecal colifoms/l 00 g. on live crabs. 

In a study on the intestinal microflora of raw Dungeness crabs, Lee and Pfiefer (1975) 

found that Moraxella species (sp.) predominated, followed by Pseudomonas, 

A cinetobacter, A nhrobacter and Flavobacterium-Cytophaga sp. In two of three pooled 

samples, Vibrio and Micrococcus were found. Staphylococcus and Bacillus were found 

in one pooled sample. 

2.2.2.2 Cooked Crabs 

Crabs cooked by steaming are bacteriologically superior to those cooked by boiling 

(Ingham and Moody, 1990). However, Dickerson and Berry (1976) report that there is 

a wide range in the amount of heat that a single crab receives during the cook process. 

Their research showed that the temperature of the slowest heating crab, in a retort with 

uniform steam penetration, ranged from 208 F to 244 F. 

Ward and Tatro (1970) reported the APC of cooked crabs to be less than 3000 

CFU/g. Ingham and Moody (1990) reported cooked crabmeat to have an average APC 

of 2.42 log CFU/g. (Range of 2.00 to 2.58 log CFU/g.) and Phillips and Peeler (1972) 

reported an APC of less than 300/g. in plants which followed good sanitation practices. 

Tobin and McClesky (1940) reported that retorting destroyed all coliforms and E. coli. 

Lee and Pfiefer (1975) showed that the order of bacterial predominance in Dungeness 

crab intestines shifted after cooking. There was an increase in M oraxella sp. with 

A rthrobacter sp. supplanting Pseudamonas as the second highest in number. All samples, 

however, contained Momxella, Arthrobacter, Acinetobacter and Pseudomonas after 

cooking. Two of three samples contained Micrococcus and F1avobacterium-Cytophaga 

and one sample contained Bacillus, Lactobacillus, and Aeromonas. No Vibrio or 

Staphylococcus sp. were found in any sample after cooking. 

Tinker and Learson ( 1972) conducted a study on the effect of chlorine on the bacterial 

population of live crabs. They found that a 30 minute dip in 200 parts per million (ppm) 
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chlorine would reduce the population by 99°/o. This reduction in numbers allowed 

processors to use a short cook step (8 minutes at 213 F (100.5 C)) and still achieve a final 

product that met state regulations. 

2.2.2.3 Debacking and Washing 

Ingham and Moody ( 1990) reported a significant rise in the APC during debacking, 

with the average APC count increasing to 3.28 log CFU/g. (Range of 2.00 to 4.75 log 

CFU/g.). Washing did not affect the counts. The mean APC after washing remained 3.28 

log CFU/g. (Range of 2.00 to 4.96 log CFU/g.). 

2.2.2.4 Overnight Cooling 

An average APC of 4.07 log CFU/g. for debacked crabs (Range of 2.60 to 5.91 log 

CFU/g.) was reported by Ingham and Moody (1990) after overnight cooling. Ward and 

Tatro (1970) reported that 7.1 % of the samples they tested had APC's greater than I otooo 
CFU/g. after cooling overnight. 

Proper storage temperature is one of the most crucial factors in preventing microbial 

growth after cooking (Deoghwan et al., 1992). Poor air circulation in the cooler will 

result in slower cooling and higher bacterial counts (Ingham and Moody, 1990). 

Deoghwan, et al. (1992), in a study on forced air cooling versus static air cooling, found 

aerobic plate counts, psychrotrophic counts and S. aureus counts to be significantly higher 

(P <0.01) in static air coolers than in forced air coolers. 

2.2.2.5 Picking and Packing of Crabmeat 

The extraction of meat from the blue crab requires extensive human handling and blue 

crab has perhaps the most intimate human handling of all ready to eat products on the 

market today. Much of the contamination crabs receive comes from this extensive 

handling (Tobin and McCleskey, 1941 ). 

Ingham and Moody ( 1990) saw a slight rise in the APC of white and claw meat 

during the picking and packing steps. The average APC of picked white meat was 4.49 

log CFU/g. (Range of 3.47 to 4.83 log CFU/g.) and the APC of the picked claw meat was 

4.20 log CFU/g. (Range of 3.47 to 4.83 CFU/g. ). There was no rise in the APC of lump 
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meat since lump meat is picked directly into the container and has less human contact. 

Ward and Tatro (1970) found that 38.6% of the picked meat samples they tested were 

over the I 00,000 CFU/g. limit. 

Tobin and McCleskey (1941) did a study on the incidence of E.coli on the hands of 

blue crab plant employees and found high numbers on workers' hands at the beginning 

of work and even higher numbers after two hours of work. Ingham and Moody (1990), 

however, found that no processing step was most critical for contamination by E. coli. 

In a study on Dungeness crab meat, it was found that A rthrobacter and Micrococcus 

sp. increased during picking and packing while Moraxella and Pseudomonas sp. 

decreased. The total microbial load during this step increased by a factor of 30 and most 

genera found in raw and cooked crab intestines were also found in the processed meat · 

(Lee and Pfiefer, 1975). 

2.2.2.6 Machine Picking Operations 

The microbiological quality of machine picked meat compared favorably to hand 

picked meat so long as the machine was properly sanitized and dried. Initial studies on 

the Quik-Pik machine showed that crabmeat became heavily contaminated by bacterial 

aerosols. This contamination lasted for approximately 0.5 to 0.75 hours from when the 

machine was turned on, upon which APC counts dropped. It is believed that liquid 

collected in crevices in the machine and bacteria grew and multiplied in the collected 

liquid overnight. Sealing the crevices did not alleviate the problem, however, drying the 

machine before operation did (Cockey, 1980). 

Table 2.2.2.6 gives counts from one plant for machine picked meat in various stages 

of processing. APC counts dropped steadily until after the meat had been mechanically 

picked. Coliform counts followed this pattern also, with the exception of whole crabs, 

which had a lower coliform count than unwashed cores. In all cases, E. coli counts were 

less than the detection limit (Cockey, 1980). 

In a comparison between hand picked and machine picked meat, one plant compared 

very favorably. The average APC for hand picked meat was 78,000 CFU/g. (Range of 
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Table 2.2.2.6 Microbial counts for machine picked meat. 

Sample Type APC/g. 1 Total Coliform E. coli 
(MPN/l OOg.) (MPN/1 OOg.) 

Whole Crab 59,000 320 <30 

Cores Unwashed 46,000 930 <30 

Washed Cores 24,000 680 <30 

Heated Cores <3,0002 <303 <30 

Caught Meat <3,000 46 <30 

Tray Meat 17,000 350 <30 

Packaged Meat 30,000 3,900 <30 

1 Arithmetical mean. 
2 With the APC procedures used, 3,000 was the lowest count considered accurate. 
3 The lowest level of total coliforms or E. coli detectable was 30/100 g. 

[Cockey, 1980) 



5,000 to 260,000 CFU/g.) while machine picked meat had an average APC of 30,000 

CFU/g. (Range of 8,.000 to 90,000 CFU/g.). Coliform counts from the same plant were 

6,300 MPN/IOOg. (Range of230 to >24,000 MPN/lOOg.) for hand picked meat and 4,600 

MPN/100 g. (Range of 230 to 24,000 MPN/lOOg.) for machine picked meat. The second 

plant, however, had much higher counts in machine picked meat than in their hand picked 

meat. Hand picked meat had an APC of 22,000 CFU/g. (Range of 14,000 to 30,000 

CFU/g. ) while machine picked meat had an APC of 860,000 CFU/g. (Range 100,000 to 

2,000,000 CFU/g.). The average coliform count for hand picked meat was 430 

MPN/IOOg. (Range of 21to930 MPN/lOOg.) and 11,000 MPN/100 g. for machine picked 

meat (Range of 2,400 to >24,000 MPN/1 OOg. ). This indicates that proper sanitation and 

drying is essential in mechanical pickers to produce high quality meat with acceptable 

bacterial levels (Cockey, 1980). 

2.2.2. 7 Brine Dip 

Dungeness crab processing uses a brine dip to remove shell fragments. The 

microflora of this dip was found to be diverse, with Micrococcus sp. predominating. 

Twelve of fourteen brine samples contained E. coli and it was concluded that the brine 

was an important source of E. coli contamination (Tobin and McCleskey, 1941 ). 

2.2.2.8 Packaged Fresh Crabmeat 

Alford et al. (1942) found APC counts for packaged fresh crabmeat to average 

400,000 CFU/g. with cocci predominating. Ray et al. (1976) found APC counts for 

special meat averaging 4.4 x 104 CFU/g. (Range of 2.1 x 102 to 2.2 x 106 CFU/g.), 

psychrotrophic counts averaging 9.8 x 103 CFU/g. (Range of 2.0 x 102 to 8.5 x 105 

CFU/g.) and coliform counts averaging 2.8 CFU/g. (Range <0.5 x 101 to 7.0 x 104 

CFU/g.). Claw meat counts were higher with the average APC for claw meat being 1.5 

x 105 CFU/g. (Range 7.9 x 103 to 5.9 x 106 CFU/g.). The average psychrotrophic count 

was 3.2 x 104 CFU/g. (Range 1.1 x 103 to 5.5 x 106 CFU/g.), and the average coliform 

count was 2.5 x 101 (Range of 0.5 x 101 to 2.9 x 102 CFU/g.). 
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Ingham and Moody (1990) found counts for claw meat to be lower than special meat 

The average APC for packed clawmeat was 4.33 log CFU/g. (Range 3.21 to 5.29 log 

CFU/g.), while white meat had an average APC of 4.61 log CFU/g. (Range 3.32 to 5.35 

log CFU/g.). Lump meat had an average APC of 3.92 log CFU/g. (Range of 2.60 to 5.02 

log CFU/g.). Ray et al. (1976) felt that the higher counts in claw meat was a reflection 

of the amount of handling each type of meat received but Webb (1973) found that 

variation was due to the plant and not the type of meat 

In a survey of crab plants in 1968-1969, Phillips and Peeler (1972) found that plants 

with both good and bad sanitation practices had coliforms and coagulase positive S. 

aureus in their finished product. However, none of the plants deemed to have good 

sanitation had E. coli in their finished product. Wentz et al. (1985) conducted a survey 

in 1985 and saw substantial improvement in the quality of crabmeat from the results of 

Phillips' and Peeler's survey. Coliform counts for body meat averaged 1 O CFU/g. and 

claw meat averaged 9.7 CFU/g. All samples had E. coli averages less than 3 CFU/g., 

with only 3.3% of the body meat samples being positive and only 2.7% of the claw meat 

samples being positive. S. aureus counts averaged 16.8 CFU/g. for body meat and 16 

CFU/g. for clawmeat. 

2.2.2. 9 Packaged Fresh Crabmeat from Retail Establishments 

Foster, et al. ( 1977), in a survey of retail fresh and frozen seafoods, found the average 

APC for fresh crabmeat to be 2.2 x 107 CFU/g. (Range of 4.8 x 104 to 9.3 x 108 CFU/g.). 

Average coliform, S. aureus and E. coli counts were 7.9 x 101 MPN/lOOg. (Range <3 to 

l. l x l 05 MPN/1 OOg), 1.2 MPN/l OOg. (Range <3 to 43 MPN/l OOg.) and 1 MPN/l OOg. 

(No range), respectively. Coliforms tested positive in 64% of the samples, 6% for S. 

aureus and 0% for E.coli. Ward and Tatro (1970) found that 41.2% of the retail samples 

they tested were over the 100,000 APC limit set by law. Abeyta (1983), in a study of 

retail seafoods in the Seattle are~ found 61.3% of the peeled hand picked seafoods (crab, 

shrimp, and scallops) contained coagulase positive S. aureus. Lovell and Barkate (1969) 

found high numbers of coliforms (60,000 MPN/g.), E. coli (11'200 MPN/g.) and fecal 
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Streptococcus sp. (120 MPN/g.) in retail fresh crayfish. The high coliform count was 

expected since crayfish are bottom dwellers and feeders, but the high E. coli and fecal 

Streptococcus counts indicated that the crayfish were fished from polluted waters. 

Lee and Pfiefer (1975) showed that the majority of microbial genera found in retail 

Dungeness crabmeat originated from the crab itself. The average APC of retail 

Dungeness meat was 9.0 x 105 CFU/g. (Range 2.1 x 104 to 8.2 x 107 CFU/g.) with 

Moraxella species being predominant. Momxella, A cinetobacter and A rthrobacter sp. 

were found in all samples. Pseudom onas was found in five of six samples and samples 

having high microbial counts had a higher proportion of Pseudomonas sp. than samples 

with low microbial counts. Genera found in some, but not all, samples included 

F/avobacterium .. Cytophaga, Bacillus, Yeasts, Staphylococcus, Vibrio, and Lactobacillus 

sp. 

2.2.2.10 Changes in Microbial Flora During Storage 

Alford, et al. (1942) found that, although it varied from sample to sample, spoilage 

usually occurred in crabmeat when the APC reached approximately 100,000,000 CFU/g. 

They found a marked change in the microbial flora over time, which was characterized 

by a decrease in the number of cocci and an increase in A chromobacter and Pseudomonas 

sp. On the first day of storage, crabmeat contained 60.4% cocci, 23.4% Achromobacter 

and Pseudomonas sp. and 16.2% Bacillus sp. By the fifteenth day of storage, these 

samples contained 96.3% Achromobacter and Pseudomonas sp. while only 3% of the 

isolates were cocci and 0. 7% were Bacillus sp. Unlike Harris (1932), who concluded that 

Proteus was the most important genera in the spoilage of erabmeat, with Pseudomonas 

and Flavobacterium contributing, these authors did not find a single sample containing 

Proteus. In a controlled study, they found that pure cultures of Pseudomonas produced 

a typical spoiled odor in crabmeat, whereas pure cultures of A chromobacter produced an 

atypical spoilage odor and pure cultures of cocci produced no spoilage odor at all. [Alford 

et al., 1942] 
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Ward et al. (1977) found Bacillus, Corynebacterium, Lactobacillus, F1avobacterium, 

A cinetobacter, Pseudomonas, A eromonas, Enterobacteriaceae, and Brevihacterium in 

stored fresh crabmeat. Unlike the anaerobic counts (see section 2.3.2.0), Lactobacilli 

accounted for only 10% of the total aerobic population. 

Ray et al. (1976) found that commercially processed crabmeat had psychrotrophic 

counts that increased 500 fold during storage, whereas psychrotrophic counts from pilot 

plant crabmeat only increased 50 fold. The initial psychrotroph count of the commercially 

processed meat was l 000 fold higher than the pilot plant processed meat. The authors 

concluded that the commercial samples had a shorter shelf life because of higher initial 

counts and the presence of indigenous marine bacteria which can multiply rapidly under 

the storage conditions for crabmeat. 

Shaw and Shewan (1968}. in a study on North Sea Cod, found that gram negative, 

non-sporing rods,. such as Pseudomonas andMomrella-like sp., predominated fresh meat. 

Corynebacterium, Flavobacterium-Cytophaga sp. and Micrococcus sp. were also found. 

During storage, the Pseudomonads gradually predominated, and after twelve days, 

Pseudomonas made up 60-90% of the total bacterial population. The remainder was 

Momxella.like sp. and Coryneform sp. In a study on diluted press juice held at 0.6 C, 

these authors found Pseudomonas to be the most active spoilers and responsible for the 

characteristic spoilage odor. Momxella-like sp. grew well at 0.6 C, but were only slightly 

active in spoilage. The press juice findings were confirmed in a study on sterile fish 

blocks and the authors concluded that approximately 50% of the microflora were not of 

prime importance in spoilage. 

Cox and Lovell (1973) found that Staphylococcus, Micrococcus, and A lcaligenes 

made up the major portion of the microflora on the tailmeat of freshwater crawfish. After 

spoilage, isolates from eleven genera were found, with A chromobacter, A Jcaligenes and 

Pseudomonas comprising 82% of the total population. Which bacteria predominated 

depended upon the storage temperature. Pseudomonas predominated at 0 C, while 
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A chromobacter predominated at 5C. The authors found that 22. l % of the microflora were 

"rapid spoilers", 16.4% were "slow spoilers", and 61.5% were "non-spoilers". 

Shewan and Murray ( 1979) found that in most cases, regardless the original 

concentrations, the flora of most fish after storage was dominated by gram negative 

bacteria, particularly psychrotrophic and psychrophilic organisms. These conclusions were 

found for crustacea also. 

i.3.0 Aembic Microflom in Pasteurized C11Jbmeat 

Up to the pasteurization step, crabmeat to be pasteurized receives the same handling 

as fresh crabmeat and therefore has the same microbiology. The following section will 

discuss the microbiology of crabmeat after pasteurization. 

2.3.1 State Regulations 

Virginia has set microbiological limits for pasteurized crabmeat. The APC should be 

no more than 3,000 CFU/g. and should be taken within 24 hours of processing. There 

should not be any fecal coliforms present and their presence, or an APC greater than 

25,000 CFU/g., is considered adulteration (Flick et al., 1976). 

2.3 .2 Retail Study of Pasteurized Crabmeat 

Tobin and McCleskey (1941) reported that heating packaged crabmeat for 15 minutes 

at 121 C greatly reduced the bacterial load of the crabmeat No E. coli was found, but 

discoloring did occur. Heating at 121 C for both five and ten minutes was ineffective for 

reducing the microbial load substantially. 

Ward et al. (1977) reported that the aerobic genera present in pasteurized crabmeat 

included Bacillus, Corynebacterium, Lactobacil/us., Flavobacterium, A cinetobacter, 

Pseudomonas, and Brevibacterium. 
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In a study of insect, rodent, and bird filth, Gecan et aL (1988) found relatively little 

of this type of contamination. This type of filth can be an important source of microbial 

contamination. 

2.3.3 Spoilage of Pasteurized Crabmeat 

Fellers (1927) found a non-gaseous type of spoilage, due to Bacillus cereus and 

Bacillus mesentericus, most prevalent in canned crabmeat. The principle changes that 

occurred to the meat was a softening of the texture, and turbidity in the liquor. The meat 

was slightly discolored and there was a slight, to strong, abnormal odor and taste to the 

crabmeat [Alford et al., 1942]. 

Loharanu and Lopez (1970) conducted a study on pasteurized crab cake mix held at 

2 C for six months. Mesophilic and psychrotrophic counts were found to be fairly low 

even after six months storage. Three genera, Bacillus, Micrococcus and A lcaligenes 

predominated. The authors did not find Pseudomonas and feel that this was due to the 

pasteurization step. Even though A lcaligenes was abundant in the mix, it did not appear 

to contribute significantly to spoilage. 

2.4.0 Anaerobic MicmOog in Fresh Crabmem 

2.4. I Clostridium botulinum 

Clostridium botu/inum is prevalent in marine, estuarine and fresh water environments 

and both proteolytic and non-proteolytic species have been reported in crabmeat. The 

incidence of C/ostridium botulinum in crab meat will be discussed in a separate section. 

2.4.2 Anaerobic Microflora of Fresh Crabmeat During Storage 

Ward et al. (1977) report anaerobic counts in fresh crabmeat at 5 days to be 1.7 x 101 

CFU/g. and 1.1 x 106 CFU/g. The isolates grew at both 20 and 37 C in PYG broth and 
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produced H2S on TSI slants. The major fermentation acid produced by the isolates was 

lactic acid and the authors concluded that the isolates belonged to the genus Lactobacillus. 

After 3 months storage at 3.3 C, the anaerobic counts increased to 2.1 x 109 CFU/g 

and 6.9 x 108 CFU/g. These isolates grew at 20 C but not at 37 C and did not produce 

H2S on TSI. The major fermentation acids were acetic and lactic acids. These isolates 

were again identified as Lactobacilli (Ward et al., 1977). 

Ray et al. (1976) found that the anaerobic count for special meat increased from LO 

x 104 CFU/g (Range of 8.9 x 101 to 1.4 x 106 CFU/g) to 4.2 x 106 CFU/g (Range of 3.7 

x 103 to 4.7 x 108 CFU/g.) after 7 days storage at 4 C. Anaerobic counts for claw meat 

were found to increase from 2.8 x 104 CFU/g (Range of 1.2 x 102 to 1.5 x 106 CFU/g.) 

to 5.5 x 106 CFU/g. (Range of 9.8 x 104 to 8.5 x 108 CFU/g.) after storage. It was found 

that the anaerobic counts for commercially produced crabmeat increased 340 fold over the 

storage period, while crabmeat produced in the pilot plant only increased 12 fold. It is 

believed that the reasons for this are the same as mentioned in section 2.1.2.1.0. 

2.4.3 Anaerobic Spoilage of Fresh Beef 

The predominant genera associated with the spoilage of vacuum packaged refrigerated 

beef are Lactobacilli, Leuconostoc, Enterobacteriaceae, Brochothrix thennosphacta and 

A. lteromonas putrefaciens. Lactobacilli, Leuconostoc and B. thennosphacta are associated 

with a sour, acid and cheesy odor, while A. putref aciens gives an offensive odor and 

produces greening in meat (Kalchayanand et al., 1989). Jaye et al. (1962) found 

Lactobacilli to be the predominant genera in ground beef after 8 days of storage at 3 .3 

C. Micrococcus and Mycobacterium sp. were also found, but in minor amounts. 

Weidman ( 1965) found that the majority of isolates from sliced beef stored under nitrogen 

were Mycobacterium thennosphactum. 

Pierson et al. ( 1970) found an anaerobic count of approximately l 07 organisms/cm2 

after 15 days storage at 3.3 C. Lactobacilli made up 900/o of the total anaerobic count 
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with Leuconostoc making up the other l 0%. The initial microflora was predominantly 

Mycobacterium thennosphactum which declined considerably during the storage period. 

Dainty et al. ( 1989) reported an unusual type of spoilage in vacuum packaged beef 

imports caused by a C/ostridium sp.. The beef was in transit, under proper conditions, 

for approximately 3 weeks and then stored at -1 to -2 C for two to three weeks, 

whereupon a small percentage of the packs became "blown". The percentage of .. blown" 

packs increased over time. The predominant microflora of both good and spoiled packs 

were presumptive lactic acid bacteria with small amounts of Brochothrix thennosphacta 

and gram negative bacteria. However. a Clostridium species was found in the "blown" 

packs only, and was felt to be responsible for the spoilage. This species was very 

difficult to isolate and produced large amounts of butanoic acid. 

Kalchayanand et al. (1993) report spoilage in vacuum packaged beef by a Clostridium 

species they have named Clostridium laramie. This isolate will grow between l to -3 C 

and had a maximum growth temperature of 25 C. C/ostridium lammie is proteolytic but 

not gelatinolytic and produces acetic, butyric, propionic and isobutyric acids. It is not 

toxic to mice. 

2.5.o Anaernbic Micmftorp in P@Heurized Cmbrneat 

2.5.l Microflora of Pasteurized Crabmeat During Storage 

Ward et al. (1977) found anaerobic counts for pasteurized crabmeat after 5 days 

storage at 3.3 C to be 1.1 x 105 CFU/g. and 2.9 x 105 CFU/g. After 3 months storage at 

3 .3 C both counts had increased to 1.1 x 109 CFU/g.. Isolates from the pasteurized 

samples were able to grow at 20 C but not at 37 C and did not produce H2S on TSI 

slants. The authors identified these isolates as Lactobacillus and saw no evidence that 

they could survive pasteurization. 

Segner (1992) reported the isolation of a psychrotrophic Clostridium species that was 

able to survive pasteurization and eventually spoil crabmeat. This organism was reported 
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to be similar to Clostridium arcticum with a few differences. Some of these differences 

were that the isolated bacteria were gram +, did not produce indole, and actively 

fermented ribose. The major fermentation acid produced was acetic acid with relatively 

low concentrations of butyric and isovaleric acids. 

2. 5 .2 Anaerobic Spoilage of Cooked Beef 

Kalchayanand et al. (1993) isolated a strain of C/ostridium laramie, NK.2, which was 

isolated from vacuum packaged roasted beef. This organism sporulates easily and the 

spores may have survived roasting. However, the spores were killed after heating at 90 

C for I 0 minutes. 

2.6.0 Incidence of Qostridium botulinum in Cl'!bmeat 

2.6.l Clostridium botulinum and Botulism 

Clostridium botulinum is an anaerobic, gram positive rod shaped bacteria first isolated 

and reported by Van Ermengen in 1897. Van Ermengen found this organism to be the 

cause of an outbreak of botulism in Belgium in 1895 due to the consumption of raw 

salted ham. The organism was given the name Bacillus botulinum, from the Latin word 

botulus, meaning sausage, since this disease often occurred with the consumption of blood 

sausage. The name was changed from Bacillus botulinum to Clostridium botulinum in 

the 1920's (Hatheway, 1988). 

There are seven known types of C. botulinum found in both terrestrial and marine 

environments: Types A, B, C, D, E, F, and G. There are significant cultural and 

physiological differences found among these types and they can be classified into four 

different physiological groups. 

Group I contains the proteolytic species of Clostridium botulinum, which includes all 

the known strains of type A and the proteolytic strains of Types B and F. Strains in this 

grouping can digest casein, meat, coagulated egg and serum proteins. They ferment 
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glucose and usually several other carbohydrates. Lipase is produced when these 

organisms are grown on EYA and they are able to hydrolyze esculin. When these 

organisms are grown in PYG the fatty acid metabolites are predominantly isobutyric, 

isovaleric and hydrocinnamic acid. The spores from strains in this group are highly heat 

resistant Optimal growth temperature is approximately 3 5 C with some strains growing 

as low as 10 C (Hatheway, 1988). 

Group II contains the non-proteolytic strains of C. botulinum. This includes all 

strains of type E, and the non .. proteolytic strains of types B and F. These organisms can 

liquify gelatin but do not digest casein, egg white or heat-coagulated proteins. They are 

saccharolytic and ferment a variety of sugars. Lipase is produced when these organisms 

are grown on EY A and they are unable to hydrolyze esculin. The predominant fatty acids 

when grown in PYG is acetic and butyric acids. Spores from Group II strains are much 

less heat resistant than Group I strains. Optimal growth for these strains occurs around 

30 C with 3.3 C being their minimum (Hatheway, 1988). 

Group Ill strains include types C and DC. botulinum. Some of the characteristics 

of strains in this group include its fastidious growth requirements, its toxin instability, its 

phage mediation of toxigenicity and its almost exclusive association with animal and 

avian botulism. The predominant fatty acid produced when grown in PYG is propionic 

acid (Hatheway, 1988). 

C. botulinum Type G is the only member of Group IV. These strains are 

assacharolytic and proteolytic. Toxin production by this type is low and sporulation is 

rare. When type G is grown in PYG, isobutyric and isovaleric, as well as acetic and 

butyric acids are produced. Phenylacetic and hydroxyphenylacetic acids are also 

produced. DNA hybridization has shown that C. botulinum type G is related to C. 

subterminale and C. hastiforme (Hatheway, 1988). 

C/ostridium botulinum produces a protein neurotoxin which causes the disease 

botulism. This toxin causes paralysis through the inhibition of acetylcholine release at 
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peripheral nerve endings. Paralysis occurs in the skeletal muscles and in the respiratory 

system, the latter being the main cause of death (CDC, 1979). 

Of the seven types, only types A, B, E, and F have been shown to cause illness in 

man. Types C and D cause botulism in birds and mammals such as mink, sheep and 

cattle (CDC, 1979). Animal botulism is much less rare than human botulism (Hatheway, 

1988). Type G has not been reported to have caused illness in either man or animal 

(CDC, 1979). 

There are four categories of botulism: foodbome, wound~ inf ant, and undetermined 

(Hatheway, 1988). Since 1899 there have been a total of 766 reported foodborne 

outbreaks of botulism in the U.S. (Only one case of illness is needed for an outbreak of 

botulism). There is a pronounced geographic distribution to the types of C. botulinum in 

the U.S. The majority of type A cases occur west of the Mississippi River and the 

majority of type B cases occur east of the Mississippi River. Type E occurs more often 

in Alaska and the Great Lakes area. This distribution is due to the fact that type A 

predominates in the western soils, type B in the eastern soils and type E in marine life 

and sediments (CDC, 1979). 

It has been shown that organisms other than C. botulinum can cause the disease 

botulism. One case of type F infant botulism was shown to be caused by C. bamtii and 

two cases of type E infant botulism were caused by C. butyricum (Suen, et al., 1988; 

Mccroskey, et al., 1986). 

2.6.2 Natural Occurrence in Crabs 

Clostridium botulinum is found routinely in the environment in which crabs are 

fished. Therefore, it is not surprising that it is also found on the live crabs and in the 

processed crabmeat. 

Proteolytic C. hotulinum Type F was found in the gills and viscera of two crabs taken 

from the mouth of the York River in Virginia. This was the first time proteolytic Type 

F was isolated in the United States (Williams-Walls, 1968). The spores of proteolytic 
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Type F are able to survive pasteurization and this type has been found in pasteurized 

crabmeat (Lynt et al., 1981 ). 

Kautter et al. ( 1974) conducted a study on the incidence of Clostridium botulinum in 

factory samples of crabmeat. Out of 986 fresh samples, 6 were positive: 4 with Type 

E, and 2 with proteolytic Type F. Out of 1000 pasteurized samples, only one was 

contaminated with proteolytic Type F. 

2.6.3 Heat Resistance of C. botulinum in Crabmeat 

In general, spores of proteolytic C. botulinum are able to survive pasteurization, but 

unable to grow at the storage temperatures for crabmeat. Non-proteolytic C. botulinum 

is able to grow at temperatures of 3.3 C or above, but it is unlikely that their spores 

would be able to survive pasteurization. Lerke and Farber (1971) found that C. botulinum 

Type E could grow and produce toxin in crabmeat within 30-40 days at 40 F. The meat 

had only a slight sour odor when toxin was detected and the authors concluded that 

crabmeat needs to be stored at, or below, 36 F at all times to be completely safe. 

Hackney et al. ( 1991) report D-values for Clostridium botulinum Type E ranging from 

0.2 to 0.32 minutes. This would give a 96 D process for crabmeat receiving a heat 

process equivalent to an F 16/185 of 31 minutes. Lynt et al. ( 1977) indicate that 105 to 

106 spores of Beluga Type E would be destroyed in 6 minutes at 185 F. In Dungeness 

crab meat, Lerke and Farber (1971) report that, with regard to Type E C. botulinum, an 

F 180 of 18 minutes would give a 12 D process. 

Other types of C. botulinum, however, are more resistant than Type E. For example, 

the non-proteolytic Type B's have D-values ranging from 0.45 to 14.33 minutes. In a 

worse case scenario, a pasteurization process equivalent to an Fl6/185 of 31 minutes 

would only give a 2.2 D process. Non-proteolytic Type F gives similar results (Hackney 

et al., 1991) 

Lynt et al. (1983) reported that D-vaiues that are calculated after a few days, or 

even a week, may be underestimates by as much as 0.5 to 0.75 of the true D-value. 
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Therefore a calculated 12 D process may truly only be a 3 D process. In their study on 

C. botulinum Types E and F, they found that the o .. values for Type E, heated in 

crabmeat, nearly doubled when samples were read after 6 months as compared to a few 

days. In buffer, Type F had delayed germination which resulted in a 4 fold increase in 

the D-value over 6 months. Crabmeat was found to protect type F and result in longer 

D-values and an increase in the z value (Lynt et al., 1979). 

Solomon et al. (1982) conducted a study on the heat resistance of non-proteolytic 

Types B and F and proteolytic type G in crabmeat. They found that all three types would 

produce toxin in crahmeat at 26 C within 3 to I 0 days. Types B and F did not grow or 

produce toxin at 12 C within 180 days, however, Type G produced toxin in crabmeat at 

this incubation temperature within 40 days. None of the types grew or produced toxin 

at 8 or 4 C. The authors concluded that if crabmeat is properly refrigerated there is no 

danger of toxicity from C. botulinum type B, F or G in pasteurized crabmeat. 

2.6.4 Clostridium botulinum Type G 

In many ways the Clostridium species isolated from the 1989 spoilage episode is 

similar to Clostridium botulinum Type G (also Clostridium subtenninale and Clostridium 

hastifonne). It is for this reason Clostridium botulinum Type G will be discussed in 

detail. 

The first isolation of Clostridium botulinum Type G was by Alberto Ciccarelli and 

Domingo Gimenez in an Argentinean cornfield. The authors were conducting a survey 

on the prevalence of C. botulinum and discovered an organism that produced C. 

botulinum symptoms in mice, but was not inactivated by antisera A through F (Gimenez 

and Cicarelli, 1970). 

Sonnabend et al. (1981) reported the isolation of C. botulinum Type G from tissues 

and sera from five patients ( 4 adults, I infant) in Switzerland while doing a survey on 

patients who had died suddenly from unknown causes. In all five cases, it was unable 

to be determined if C. botulinum Type G was the cause of death. Two of the patients 
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also displayed C. botulinum Type A and viral and bacterial infections were found in each 

of the five patients. All of the agents mentioned ~bove could have caused death. 

Clostridium botulinum Type G is a gram positive, motile and assacharolytic organism 

(Abeyta, 1983). It is said to be proteolytic because it slowly digests meat, but this ability 

is controversial (Lynt et al., 1984 ). Some authors say it is only mildly proteolytic while 

others say it is not proteolytic at all (Solomon et al., 1985). It produces acetic, isobutyric, 

butyric, and isovaleric acids as end products when grown in PYG. This organism is a 

poor sporulator and, at one time, researchers were unable to get sporulation in the 

laboratory on any type of media (Cicarelli et al., 1981). Lynt, et aL (1984) found they 

could get sporulation on anaerobic agar, without egg yolk, in 14 days. They found that 

two types of spores were produced: a heat labile type, which predominated and could not 

survive 80 C for 10 minutes, and a more heat resistant variety. Briozzo et al. (1986) did 

not find two types of spores when using Tarozzi medium as the sporulation media. The 

sporulation ability of type G resembles the proteolytic strains of Clostridium botulinum 

in that they have a preference for meat media and solid agar (Solomon and Kautter, 

1979). 

The toxin of Type G resembles the non-proteolytic strains of C. botulinum. Toxin 

is produced best at lower temperatures (26-30 C) in liquid media and is fully potentiated 

by trypsin (100 to lOOOx) (Solomon and Kautter, 1979). It is a poor toxin producer in 

routine anaerobic media and, even in special media, strain 89 produced very little toxin 

(Ciccarelli et al., 1981 ). The toxin is lethal to primates, but researchers fe~l that its poor 

toxin producing ability has been why there have been no reported outbreaks of botulism 

by Type G (Ciccarelli, et al., 1977). 
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2.7.0 Growth of Clostridia at Low TemoeratuRs 

2. 7.1 Definitions 

Ingraham (1958) and Stokes (1962) defined a psychrophile as an organism that can 

grow well at 0 C regardless of its optimum temperature (Michener and Elliot, 1964). 

Witter (1961) favored this definition, but used 7.2 C as the low temperature rather than 

0 C. (Michener and Elliott, 1964). Elliott and Michener (1965) defined a psychrophile 

as an organism that would grow relatively quickly at 0 C with an optimum growth 

temperature at 20-30 C. Some psychrophiles may have optimum growth temperatures as 

high as 30-45 C and others as low as 15 C. Eddy (1960) defined a psychrophile as an 

organism whose optimum, or maximum, growth temperature is below 3 5 C and could 

grow below 5 C. He coined the term psychrotroph for this type of organism (Michener 

and Elliott, 1964). 

2. 7.2 Psychrotrophic Organisms 

For a long time, researchers believed there were only a few organisms able to survive 

and grow in low temperatures. These organisms were members of the genera 

Pseudomonas, A chromobacter, Flavobacterium, A lcaligenes, Escherichia, and A erobacter 

(Sinclair and Stokes, 1964; Michener and Elliott, 1964). Now it is known that many 

genera have species capable of growing at low temperatures. In fact some bacteria are 

able to grow in frozen foods. Michener and Elliott reported that psychrophiles frequently 

grow in food above -7 C, less frequently between -7 to -10 C, and rarely between -10 to 

-12 C. Since much of the free water is unavailable to bacteria at temperatures below 

freezing, bacteria able to grow at these temperatures must be able to tolerate high 

concentrations of solutes. Many marine bacteria are well suited for this (Sinclair and 

Stokes, 1964 ). 

Besides the non-proteolytic C/ostridium botulinum species, which are able to grow 

and produce toxin at 3.3 C, other Clostridia are also able to thrive at low temperatures. 
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C/ostridium putrif aciens was isolated from sour ham and first described by McBiyde in 

1911. Its optimum growth temperature is 20-25 C, it will not grow at 37 C and it is 

reported to grow as low as 0 C in Bergey's manual and 4 C by Ross. Other Clostridia 

reported to grow at low temperatures are C. madisonii (8 C), C. roseum (8 C), and C. 

lactoacetophilum (16 C). C. venturellii was isolated in 1925 by de Tomasi and is 

believed to be psychrotrophic. No cultures are currently available for testing, but C. 

venture/Iii had an optimum temperature of 18-20 C and was unable to grow above 25 C 

(Roberts and Hobbs, 1968). Kachayranand et al. (1993) isolated Clostridium laramie from 

uncooked and roasted beef. This organism can grow as low as I to -3 C. 

Segner (1992) reported a Clostridium species that spoiled pasteurized crabmeat and 

was able to grow at 2.2 C. This organism was also reported to spoil pasteurized crabmeat 

that was stored at O C (Tolley, personal communication, 1991). This is important for crab 

processors since they will be unable to rely primarily on refrigeration to keep their 

crabmeat from spoiling and must now rely upon pasteurization and strict sanitation to 

keep this organism from spoiling their product (Segner, 1992 ). 

Sinclair and Stokes isolated 11 species of obligate anaerobic bacteria which gave good 

growth at 0 C within 7 days from river mud, soil and sewage. All were predominantly 

saccharolytic with weak proteolytic activity (Roberts and Hobbs, 1965). 

Upadhyay and Stokes (1962) isolated 83 pure cultures from food, soil, sewage and 

other substrates which grew well at 0 C within 2 weeks. All samples were facultative 

anaerobes, and the authors felt that they did not find any obligate anaerobes because of 

their isolation technique. 

Beerens et al. (1965) looked at 287 strains of 23 species of Clostridia to determine 

their psychrotrophic ability. Of these 23 species, only C. camofoetidum and C. 

peifringens were able to grow at 6 C after transfer. 

Although a number of Clostridia are able to grow at low temperatures a number of 

them are not. Roberts and Hobbs (1968) found that C. sporogenes, C. putrificum ~ C. 

novyi, C. tetani, C. welchii, C. aerofoetidum, C. histolyticum, C. butyricum and C. 
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pasteuranum were unable to grow in cod fillets and lobster meat at 3 C within 3 month 

Beerens et. al. (1965) found C. hastiforme, C. saccharobutyricum, C. acetobutylicum, C. 

multifemrentans, C. tyrobutyricum, C. fa/lax, C. chauvoei, C. bifermentans, C. 

cam.ofoetidum var. amylolyticum, C. sporogenes, C. histolyticum, C. caproicum, C. 

sonlelli, C. difficile, and C. botulinum types A, B, C and D were unable to grow at 6 C 

within 30 days. 

2,8 .. 0 Method BaDonale 

2.8.1 Isolation Methods 

2.8. l .1 Aerobic Methods 

The use of the spread plate method (Compendium, 1984) was preferred over the pour 

plate method for isolating aerobic organisms from spoiled crabmeat because of its 

simplicity, its ease in counting and isolating colonies and that this method selects only 

for aerobic organisms. Brain Heart Infusion Agar (BHIA) was used because it is a 

complete and nonselective media. 

2.8. 1.2 Anaerobic Isolation 

The use of pre-reduced media was pref erred over the use of Gas Pak jars for isolating 

anaerobic organisms from spoiled crabmeat because it has been shown that common 

methods for anaerobic isolation are not as effective as the pre-reduced method. The 

isolation of anaerobes using pre-reduced media and methods is practical, effective, and 

rapid. It has several advantages over common anaerobic methods such as culture growth 

is comparatively rapid and heavy, strict anaerobiosis can be easily maintained and the 

cultures can be examined frequently without opening the cultures to air (Anaerobe 

Laboratory Manual, 1977). 

It was likely that multiple species would be present in the spoiled crabmeat. Isolation 

of anaerobes from mixed cultures requires more exacting conditions than the subsequent 

culture of pure isolates. It was also likely that the spoilage organisms could have been 
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damaged, making them impossible or difficult to grow by common methods. (Anaerobe 

Laboratory Manual, 1977). Therefore, the use of pre-reduced media was appropriate. 

2.8.2 Thermal Inactivation 

The use of the "screw cap tube" method for the determination of heat tolerance was 

chosen for several reasons: 1. It is rapid and simple. 2. Spores are heated and cooled 

almost instantaneously, and 3. This method was used successfully for the determination 

of heat tolerance in cold tolerant sporeformers, such as C. hastifonne, by Michels (1979). 

2.8.3 Identification Technigues 

2.8.3.1 Native Polyacrylamide Gel ElectrQphoresis (PAGE) 

The bacterial flora of many habitats is extremely complex, making the time and cost 

of identifying a sufficient number of isolates from each sample much too high. Native 

PAGE is a simple, cost effective method for the screening of multiple isolates for 

identification and for verifying identifications already made (Moore, 1980). 

With other methods, such as two dimensional electrophoresis and isoelectric 

focussing, several hundred protein bands can be detected. With Native PAGE only about 

3 0 protein bands can be observed. However, this is adequate to distinguish between 

species and even between serotypes of the same species. The addition of SDS to the gel 

and buffer increased the number of bands able to be observed, but there was no increase 

in the similarity of the strains from Native PAGE. In actuality, the visual determination 

of similarity was made more difficult by the addition of SDS because of the increased 

number of bands. A study on the protein patterns of 200 pairs of isolates using Native 

PAGE showed that, without exception, an "identical" pattern was the same species of 

bacteria (Moore, 1980). 

Strains with "identical" patterns were found to have greater than 80% DNA-DNA 

homology. Those isolates that had minor differences in their pattern, but with an overall 
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similarity, showed a 70% or greater DNA-DNA homology. Those patterns showing no 

similarity proved to be unrelated species (Cato, 1982). 

2.8.3.2 Biochemical Technigues 

Identification of bacteria is based on a battery of tests performed at standard 

temperatures, times, etc. The methods outlined in Bergey's Manual and in the Anaerobic 

Laboratory Manual were used to determine the identity of the isolated spoilage organisms 

(Bergey's, 1986; Anaerobe Laboratory Manual, 1977). 

2.8.3.3 Fermentation Acids 

The analysis of fermentation acids produced by bacteria, especially those within the 

genera Clostridium, Bacteroides, and Eubacterium is extremely useful in the identification 

of anaerobes. Only the presence or absence of the acid~ and not the amounts, are needed 

for help in identification (Anaerobe Laboratory Manual, 1977). 

2.8.3.4 Fatty Acid Profiles 

The use of fatty acid profiles have proved useful in the classification of certain 

bacteria, and in some cases the fatty acid profile may be characteristic of a particular 

taxon. (Example: Clostridium botulinum type G). It is important to remember when 

analyzing these fatty acid profiles., however, that many factors, such as media 

composition, temperature of incubation, age of the culture, and the technique used in 

analyzing for the fatty acid, will influence the outcome (Bergey's, 1986). 

29 



3.0.0 MATgl.ALS AND MgHODS 

3.1.0 Isolation or Spoilage Omanisms 

3. I. I Spoiled Pasteurized Crabmeat 

Spoiled pasteurized crabmeat was obtained from a total of five processors in 

Mary land and Virginia. Meat from four of the processors was pasteurized in the fall 

(September through November) of 1989. It is believed that meat from the fifth processor 

was pasteurized, and spoiled, in 1972, although no information exists about this product, 

nor are there code dates on the cans. All cans spoiled in 1989 were sent on ice via UPS, 

or Federal Express, and were stored in a 36 F walk-in cooler in the Food Science 

Department. The cans from th 1972 spoilage episode were transported in an ice chest 

from Hampton and stored in the 36 F walk-in cooler. 

Table 3 .1.1 gives information on the types of crabmeat and the processors from 

whom the spoiled meat was obtained. Of the five processors, four (Processor A, 

Processor C, Processor D, and Processor E) used cans obtained from Steeltin, Inc. 

(Baltimore, MD). These cans were of the 401 x 30 I type, although net weights ranged 

from 12 to 16 ounces. One processor, Processor B, used cans obtained from Consolidated 

Can Company (Chicago, IL) and were the 306 x 409 type. All spoiled meat from this 

processor came only from their Quik Pik rM machine picking line. There was no spoilage 

in their hand picking operation. The other three processors who had spoilage in 1989, 

had spoilage in both machine and hand picking operations. It is unknown how the meat 

from Processor E was picked, however, one can contained claw meat and may have been 

machine picked since this processor owned a Harris Claw Machine. It is possible that the 

meat was picked by this machine. 

One can of unspoiled pasteurized, machine picked crabmeat, obtained from Processor 

B and packaged in the fall of 1990, was tested to determine "normal" microflora. 
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Table 3.1.l Infonnation on sample material used in the isolation of 
microorganisms from spoiled crabmeat. 

C\N l'ROC.'B."ISOltt TI'PEOf NET TYPF.OF CAN MANll- COMMENTS 
# J~.ATION CRAB- wr. sroo,..AGE PAct-URF.R 

MEAT JN 
01. 

1 A Special 12 HIU'd Swell Stoel Tin, Inc. Can w1t.111 temr. ehused in lab. 
Lower Ches1peake, Soldered side seam/ Al. compAny 
MD md. 

2 R Special 16 Soft Swell Comoli-dated Machine picked meat•Qnik. Pik 
LoW« Che11arellke. Can Co. 
MD 

3 A Special 12 HIU'd Swell Steel Tin, Inc. 
Lower Chesapellke. 
MD 

.. B RpeciaJ t6 Soft Swell Cons«lli-dated Machine picked 111eat-Quik Pik 
Lower Chesapeake, CM Co. 
MD 

.5 B Special 16 Normal Con!lOli·dated Machine picked melll-Quik Pik. No 
. Lower Chet111peake, Can Co. 11ro;tqe. J>roceqed Fan 1990 . 
MD 

6 A Special 12 HIU'd Swen Steel Tin. Inc. Al. company end. 
Lower Chesapeake, 
MO 

1 A Special ll Hard Swell Steel Tin. Inc. 
I .ower <..'heupealce. 
MD 

I A Special 11 HIU'd Swell Steel Tin. Inc. 
Lower 01esapeake, 
MD 

9 A Specie! 16 Soft Swell Consoli-dated Machine picked meat-Quik Pil<. 
Lower Chesapeake, Can Co. 
MD 

10 c Special 16 HIU'd Swell Steel Ttn, Inc. 
Rappah11nOCk River, 
VA 

It D Jumho Lump 16 Soft Swell Steel Tift, Inc. 
H11mp«on Roam, 
VA 

12 E Claw 16 Hard Swell Steel Tin, Inc. Unkrmwn date of 11poil1ge. 
Hampton Rottds. Believed to be 1972 
VA 

JJ E Replar 16 Hard Swen Stec:I Tin. Inc. Unknown date of spoilage. 
llemplon Ro1d!, Believed to be 1972. 
VA 

14 E Hackfin 16 -- Steel Tin, Inc. Unknown date of tp0ilage. 
Hamrtoo Roads, Believed tn be 1972. 
VA 
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3 .1 .2 Isolation Method 

All cans tested were washed thoroughly with 95% ethanol (ETOH) to clean them of 

accumulated dirt and bacteria. Cans were then opened aseptically with a bacteriological 

can opener and 11 grams of meat was weighed into a sterile stomacher bag on a Fisher 

Scientific XA I 00 Analytical Balance. Ninety-nine milliliters (ml.) of 0.1 % sterile 

peptone (0.1 g./100 ml.) was poured into the stomacher bag, producing a 1x10-1 dilution. 

The mixture was stomached in a Stomacher Lab Blender 400 for two minutes and then 

plated under aerobic and anaerobic conditions. 

Aerobic samples were plated in duplicate on brain heart infusion agar (BlllA) (BBL, 

Baltimore, MD) spread plates. These samples were both heated and unheated. Ten ml. 

of the crabmeat mixture was heated in a 60 C water bath for I 0 minutes and immediately 

placed in an ice water bath prior to heating. Another I 0 mls. of the crabmeat mixture 

was heated in an 80 C water bath for IO minutes and immediately placed in an ice water 

bath prior to heating. These heat treatments were carried out to test for the presence, and 

relative heat tolerance, of spores, while the unheated sample tested for vegetative cells. 

Anaerobic samples were plated in duplicate, under C02, on pre-reduced modified 

brain heart infusion agar (mBIIlA) roll tubes. As in the aerobic plating, both heated and 

unheated samples were plated (60 C and 80 C for 10 min. each). 

Figure 3 .1.2 shows a flow chart of the plating scheme. 

Both aerobic and anaerobic samples were incubated for 48 to 144 hours at three 

temperatures·-20 C, 30 C, and 45 C, with the following exceptions: L Isolation 

experiments l through 5 had duplicate plates/roll tubes incubated at 55 C instead of 45 

C, and 2. Isolation experiment 8 had duplicate plates/roll tubes incubated at 3 C instead 

of 45 C. 

3.l.3 Media 

The spoiled crabmeat was plated under aerobic conditions on brain heart infusion agar 

(BHIA) (BBL, Baltimore, MD) spread plates, and under anaerobic conditions on modified 
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brain heart infusion agar (mBIIlA) (Anaerobe Laboratory Manual, VPI&SU, Blacksburg, 

VA) roll tubes. Dilutions were carried out using either 99 or 9 ml. solutions of 0.1 % 

peptone (BBL, Baltimore, MD). 

3.1.4 S~nsory Panel 

In order to get an informal characterization of the state of the spoiled crabmeat, an 

untrained sensory panel was asked a series of questions about the crabmeat. The 

questions asked were: I. Characterize the odor of the crabmeat. 2. Characterize the 

appearance of the crabmeat and, 3. Would you eat this crabmeat?. Anywhere from three 

to seven panelists were surveyed, and not all cans were subjected to sensory analysis. 

3.2.0 Thennal Inertiyafion of Isolated Omanisms/Soores 

3 .2. l Organisms/Spores 

Micro-organisms in the pasteurized crabmeat were streaked onto BHIA spread plates 

or mBlllA roll tubes to isolate pure colonies. Both the vegetative cells and spores of the 

isolated microorganisms were tested for heat tolerance in an 85 C (185 F) water bath. 

Organisms were grown in BHI (aerobes or facultative anaerobes) or peptone-yeast-glucose 

broth (PYG) (anaerobes only) for 18 to 24 hours at 30 C. Spores were produced by 

growing vegetative cells in BID or PYG and allowing them to incubate at 30 C for at 

least two weeks. The presence of spores was tested for by the Spore Stain I method 

(Compendium, 1984). 

Two mls. of spore culture, or vegetative cell culture, were placed in a 40 ml. 

borosilicate glass vial (Fisherbrand) and capped with a teflon septa. Eight vials per 

culture were submerged in a Lauda WB-20/R circulating water bath heated to 85 C (185 

F). One vial was removed at time = 0, 15, 20, 25, 32, 40, 60, and 85 minutes and 

immediately placed in an ice bath. For spore cultures, the time = 0 minutes sample was 

heated for IO minutes at 60 C to kill any vegetative cells present and to activate the 
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spores. Before plating, all vials were cleaned with 95% ETOH to reduce the possibility 

of contamination by organisms from the water bath. 

Surviving organisms/spores were plated onto BHIA spread plates (aerobic organisms) 

or mBIDA roll tubes (anaerobic organisms). Plates and roll tubes were incubated at 

30 C for 24 to 48 hours. Organisms and spores surviving for 32 minutes or longer at 85 

C (185 F) were placed in storage media (BRIA slant-aerobes, Cooked Meat-anaerobes) 

for later identification. 

3,3.0 Cultutes Obtained from Outside Sou~es 

Dr. Wayne Segner, of Consolidated Can Company, isolated spoilage organisms from 

pasteurized crabmeat from Processor B in the fall of 1989. Two of these cultures, WS 

393-1 and WS 393-9, were sent to our laboratory for further testing. Dr. Segner also sent 

three cultures isolated from cans of machine picked pasteurized crabmeat, from Processor 

B in the fall of 1990 and which spoiled in March of 1991. These cultures were identified 

as 563-1, 563-6,. and 563-12. 

Ralph Cockey, of the University of Maryland, sent two cultures, 6-91 and 7-91, 

isolated from crabmeat pasteurized on September 13, 1990 (Code #2560) at Processor B's 

plant These cans spoiled in March of 1991 and were machine picked meat only. 

All cultures were sent on ice via UPS. 

3.4.0 Can Seam Apalysis 

In order to determine if the spoilage might have been due to faulty can seams, a 

number of cans were broken down and their seams measured and compared to 

specifications. Measurements for thickness, height, body hook and cover hook were made 

with a Starrett Can Seam Micrometer. Tightness(% wrinkles) was also evaluated. Figure 

3.4.0 diagrams a can and its parts. 
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Four of the five processors (Processor A, Processor C, Processor D, and Processor E) 

used a 401x301 can obtained from Steel Tin Corporation. Processor Bused a 306 x 409 

type of can obtained from Consolidated Can Company. 

Two cans from Processor A had an aluminum top on the company end (Isolation 

experiments #I and #6). One of these cans (Isolation experiment # 1) also had a soldered 

side seam. 

3,5.0 Identification of Organisms 

3.5. l Gel Electrophoresis 

Native polyacrylamide gel electrophoresis (PAGE) was run using a Mighty Small II 

Slab Gel Electrophoresis Unit, SE 250, or on an Aquebogue Standard Vertical Slab 

Electrophoresis Unit, on all organisms that were able to survive heating at 85 C (185 F) 

for 32 minutes or longer. 

Appendix I gives the procedures used for making and running the polyacrylamide gels 

and for preparing the samples. 

Organisms displaying the same electrophoretic protein pattern were considered to be 

the same organism. Organisms displaying differing protein patterns were further 

identified. 

3 .5 .2 Growth Conditions/Momhology 

Further identification included: 1. Whether the organism was an aerobe, an anaerobe 

or a f acultative anaerobe. This was determined by growing the organisms under anaerobic 

conditions on mBHIA roll tubes and under aerobic conditions on egg yolk agar (EY A). 

2. Organisms were gram stained and identified as to whether they were a rod or a cocci 

and whether they were gram positive or negative. 3. Spore production and location were 

determined by heat treating the sample and enumerating on either BIDA or mBIIlA and 
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by using Spore Stain I (Compendium, 1984). 4. Organisms were tested for their growth 

at 4 C by inoculating into PYG and incubating the tubes at 4 C for up to two months. 

3.5.3 Biochemical Tests 

Table 3.5.3 gives a listing of the media and tests used to identify the organisms 

biochemically. The media and biochemical tests were prepared and run according to the 

VPI Anaerobe Laboratory Manual (1977). 

The isolated organisms were grown in the designated media for 48-72 hours at 30 C 

until good growth (3+) was observed. The pH of each medium was determined using a 

Fisher Accumet Model 610A pH meter. A pH of 5.5 to 6.0 was considered a weak acid 

and a pH below 5.5 was considered acidic. A pH above 6.0 was considered negative for 

fermentation. Media containing arabinose, ribose and xylose were not considered weakly 

acidic until the pH went below 5. 7 or acid until the pH went below 5 .2, because the pH 

of these media before inoculation tends to be lower than other media 

Esculin hydrolysis was determined by adding 2 to 3 drops of ferric ammonium. citrate 

solution to the culture grown in esculin. If the medium turned black~ hydrolysis had 

occurred. 

Starch hydrolysis was determined by adding 2 to 3 drops of Gram's Iodine to the 

starch culture medium. The sample was observed immediately. If the sample turned a 

blue-black color, hydrolysis had not occurred, or only partially occurred. If no color 

appeared, then hydrolysis did occur. 

Results of the milk and cooked meat cultures were recorded after 14 days of 

incubation. They were also observed after several months of incubation to determine if 

digestion/curd formation had occurred slowly. 

Gas production was determined by inoculating PYG agar with a few drops of culture 

and observing the amount of bubbles produced. A few bubbles near the growth indicated 

I+ gas production. Small splits in the agar indicated 2+ gas production. Agar raised 

halfway in the tube indicated 3+ gas production and agar raised to the top of the tube 
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Table 3.5.3 Media used for biochemical identification of spoilage 
organisms. 

Peptone Yeast (PY) 
Esculin (pH and hydrolysis) 

Fructose 
Glucose 
Lactose 
Maltose 

Mannitol 
Mannose 
Melibiose 

Ribose 
Starch (pH and hydrolysis) 

Sucrose 
Xylose 
Gelatin 

Cooked Meat 
Milk 

Egg Yolk Agar (EY A) 
Agar Deep 

(Anaerobe Laboratory Manual, 1977) 
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indicated 4+ gas production. The reduction of resazurin was also determined with PY G 

agar deeps. Tubes containing organisms that were able to reduce resazurin did not have 

a red meniscus just under the agar surface. 

Several organisms (#1> 2, 4~ 9, and 10) were tested for lecithinase, lipase and catalase 

production after growth on EY A under anaerobic conditions. 

3.5.4 Fermentation Acids 

The metabolic end products of the organisms being identified were determined using 

a CAPCO Anaerobe Identification System (Sunnyvale, CA) using a thermal conductivity 

detector and a stainless steel column packed with Supelco 1000. Column temperature and 

detector block temperature was 145 C and helium was used as the carrier gas at 120 

ml/min. Peaks were integrated using a Varian 4290 integrator. 

Cultures were grown in PYG at 30 C for 48-72 hours. The media was then acidified 

to pH 2, or below, with 50% aqueous sulfuric acid to cause the fermentation acids to 

become soluble in ether. 

These acids were then extracted from the acidified media with an equal volume of 

ethyl ether. The culture tube was inverted several times to mix the sample and 

centrifuged briefly to break the emulsion. The aqueous layer was removed and anhydrous 

calcium chloride was added to the extract to remove any water remaining in the ether. 

Approximately 14 microliters of the dried ether extract was injected into the GC column 

and resolved. 

Succinic, fumaric, pyruvic and lactic acids are not detected by the ether extraction 

procedure described above because they are not volatile. However, methyl derivatives of 

these acids a.re volatile. To resolve these acids, a 2x volume of methanol was added to 

the acidified culture and heated in a 60 C water bath for 30 minutes. Water and 

chloroform were added to the sample and the sample was mixed. The mixture was 

centrifuged for a short time to break the chloroform/water emulsion. Approximately 14 
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microliters of the chloroform layer was drawn directly from the test tube and injected into 

the GC. 

The presence of acids, not their quantities, is used to help identify the organisms. 

3.5.5 Fatty Acid Analysis 

Five organisms (#1, 2, 4, 9 and 10) were extracted and analyzed for their fatty acid 

content. Fatty acids were resolved on a Hewlett Packard (HP) 5890A gas chromatograph 

using a flame ionization detector (FID). The GC column was an HP Ultra 2 (Crosslinked 

5% pH Me Silicone-25 m. x 0.2 m x 0.33 m film thickness) capillary column. Peaks 

were integrated with an HP 3392A integrator. An HP 9000 216 computer analyzed the 

peaks and identified the organisms from their fatty acid content using a software package 

from Microbial Identification Systems (MIDI, Delaware). Organisms were grown for 48 

hours at 30 C in glucose media with Tween added. 

3.5.6 Toxicity Assay 

A preliminary mouse assay was performed on three of the isolated organisms to 

determine if they produced a toxin lethal to mice. Cultures were grown in PYG and 

incubated at 30 C until good growth was observed (approximately 48 hrs.). Two samples 

(#I and #4) were not trypsin treated while one sample (#2) was trypsin treated (FDA, 

1984). Cultures were pelleted at 4000 rpgs for IO min. in a Sorvall RC-SB Refrigerated 

Superspeed centrifuge and 0.5 ml. of the supernatant was injected interperitoneally into 

the laboratory mice. 

For the non-trypsin treated samples, six white male laboratory mice were used to test 

for toxicity. Two organisms, #1 and #4'> were tested. Two mice were injected with 

undiluted culture #1, while another two mice were injected with undiluted culture #4. 

The remaining two mice received the control which consisted of undiluted culture #1 

which had been heated to boiling for 11 min., then cooled to room temperature. 
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For the trypsin treated sample, four white male laboratory mice were used to test for 

toxicity. Two mice were injected whith undiluted trypsin treated culture #2, while the 

other two mice were injected with the control. The control consisted of an undiluted 

trypsin treated culture #2 which had been heated to boiling for 11 min., then cooled to 

room temperature. Animals were observed for 72 hrs. for signs of stress or death. 

3.6.0 Electron Mjcmstom 

3.6. l Transmission Electron Microscopy (TEM) 

Organisms #1, #2, #4, and York 2 (isolated from Processor B) were prepared for 

observation on a JEOL I OOC TEM. 

Samples were fixed with 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer for 

30 min. at room temperature while being agitated. The samples were then pelleted by 

centrifugation and rinsed 3 times in O.IM sodium phosphate buffer, pelletting after each 

rinse. Postfixation was done in 1 % osmium tetroxide in Kellenberger buff er with 1 % 

tryptone added at a concentration of l: IO. Postfixation was done at room temperature, 

without agitation, for 18 hours. Samples were pelleted and rinsed with Kellenberger 

buffer and pelletted once more. The rinsed pellet was suspended in 2.5% agar (Difeo) 

and cut into small pieces upon solidification. Agar pieces were washed in 0.5% uranyl 

acetate in Kellenberger buffer for 2 hours at room temperature while being agitated. 

Samples were dehydrated using an ETOH series (30, 50, 80, 95% for I 0 minutes each 

and 100% ETOH three times for 10 minutes each). After dehydration, samples were 

placed twice into propylene oxide for 15 minutes each. 

Infiltration proceeded by placing samples in 50% Spurr's resin/500/o propylene oxide 

for 22 hrs., then into 75% Spurr's resin/25% propylene oxide for 36 hours and 100 % 

Spurr's resin for 6 hours. 

Samples were embedded in Spurr's resin in Beem capsules and polymerized at 65 C 

for 6 days. 
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Samples were thin cut on an Ultracut Microtome (Baltimore Instrument Co, Inc.) and 

picked up on Formvar coated copper gilder grids (200 mesh, Electron Microscopy 

Science). Grids were stained for 2 minutes in Reynold's lead citrate and rinsed in distilled 

water. Samples were observed in a JEOL 100 C TEM. 

Table 3 .6. l gives formulations for the solutions used in TEM sample preparation. 

3.6.2 Fla,gellar Shadow Casting 

Approximately 10 mis. of each culture was fixed with a few drops of 2.5% 

glutaraldehyde in 0.1 M sodium phosphate buffer for 2 hours at room temperature while 

being agitated. Samples were then washed with distilled water three times, pelletting after 

each rinse. Centrifugation was done at low speed so that flagella would not be damaged 

The pellet was resuspended in distilled water and a drop of this suspension was dried onto 

a fonnvar and carbon coated copper gilder grid (200 mesh). 

Tungsten wire was heated in an oxygen torch until a yellow oxide coating was 

uniformly dispersed onto the wire. The wire was placed into a vacuum evaporator (Ladd 

Research Industries) 9 cm. from the dried grids at a 45° angle. The chamber was 

evacuated to 2 x io-5 Torr, upon which the wire was heated with approximately 30 

amperes of current so that a white light shone, at which point the current was immediately 

brought down to zero. 

Shadow cast grids were observed in a JEOL lOOC TEM. 

3. 7 .o Envimnmenml Study 

An environmental study of the machine picking operation at Processor B's plant was 

Wldertaken in late October, 1991 to try to determine where in the ptocessing line the 

spoilage organisms were being introduced. The majority of the samples taken were 

surface swabs (no attempt to quantify the area being swabbed) with a few waste pit water 

samples and marine sediment samples also being taken. All samples were stored on ice 

in neutralizing buffer for two days until processing. Figure 3.7.0.1 shows a schematic of 
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Table 3.6.1 Solutions used for TEM sample preparation. 

a. Verona! Acetate Buffer 
Sodium veronol (Sodium barbital) 
Sodium acetate (hydrated) 
Sodium chloride 

Make up to 100 ml. with distilled water. 

2.94 g. 
1.94 g. 
3.40 g. 

b. Kellenberger Buffer (Prepare on the day of use) 
Verona! Acetate Buffer 5.0 mis. 
Distilled Water 13. 0 mis. 
0.1 N HCL 7.0 mis. 
1 M CaC12 0.25 mis. 

Adjust pH to 6. 0 with HCL 

c. Fixatives 

Glutara}dehyde 
70% Glutaraldehyde 
Sodium Phosphate Buffer 

Osmium Tetroxide 
5% Os04 

Kellenberger Buff er 

d. Uranyl Acetate 
Uranyl acetate 
Kellenberger Buffer 

e. Trvptone Solution 
Bacto tryptone 
Sodium chloride 
Distilled water 

f. Spurr's Resin 
Vinyl Cyclohexene Dioxide (ERL 4206) 
DER Resins Grade 736 
Nonenyl Succinic Anhydride (NSA) 
2-Dimethylaminoethanol (DMAE) 

3.57 mls. 
100.0 mis. 

2.0 mis. 
10.0 mis. 

O.S g. 
100.0 mis. 

LO g. 
0.5 g. 

100.0 mis. 

10.0 g. 
6.0 g. 

26.0 g. 
0.4 g. 
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the machine picking operation and the location and description of each sample. Samples 

were split into two equal portions upon arrival to the laboratory at VA Tech. One portion 

was heated at 60 C for I 0 minutes in order to activate any spores present and to kill 

vegetative cells. The other portion remained unheated so that vegetative cells would be 

isolated. All samples, heated and unheated, were inoculated into prereduced PYG broth 

and incubated at 30 C for five days. Samples showing growth were reinoculated into 

PYG broth and incubated at 7 C for one month. 

Samples showing growth at 7 C after one month were streak inoculated onto mBHIA 

to isolate pure colonies. The isolated colonies were gram stained and only rod shaped 

organisms staining gram positive were further identified. Further identification consisted 

of the biochemical and fermentation acid tests mentioned above. 

Figure 3.7.0.2 flow charts the above procedure. 

3.8.0 Soorr Production 

Several methods were used to produce spores. The presence of spores was 

ascertained by the Spore Stain I method (Compendium, 1984) and by phase contrast 

microscopy. Spore concentration was determined by heating a portion of the spore 

suspension at 60 C for I 0 minutes, cooling, and plating on mBlilA roll tubes. Roll tubes 

were incubated at 30 C for 48-144 hrs. and counted to determine the number of spores 

per milliliter. 

The concentration of spores produced by the Anaerobic Agar and TBYS method were 

determined using a three tube MPN method The spore suspension was inoculated into 

PYG broth and incubated at 30 C for 48-144 hrs. 

3.8.1 PYG Method 

Vegetative cells were inoculated into PYG broth and incubated at 30 C for at least 

two weeks. 
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3.8.2 Bruch et al. Method 

Cells were grown at 30 C in a biphasic system consisting of a TPG agar base 

containing: 

Trypticase-5% 

Peptone-0.5% 

Glucose-0.4% 

Sodium thioglycollate-0.2% at pH 7 

Agar-3% 

The agar base was overlayed with 500 ml. of sterile water, inoculated with 10 ml. cell 

culture and incubated at 30 C until spores were observed (Bruch et al.,, 1968). 

Spores were harvested by centrifuging in a Sorvall RC·5B Refrigerated Superspeed 

Centrifuge at 2000g for 20 minutes and washed in distilled water once. 

Spores were stored at 2 C until use. 

3.8.3 EY A Modifi£ation 

This modification consisted of using Egg Yolk agar (Anaerobe Lab Manual, 1977) 

as the agar base in the Bruch et al. method described above. Cultures were incubated at 

30 C, 7 C and in a series of temperatures. The first temperature series consisted of 

incubating cells at 7 C for 8 days, 30 C for 1 day, and 2 C for 3 days. The second series 

consisted of incubating cells at 7 C for 8 days and 45 C for a week (or longer). 

3.8.4 Crabmeat Modification 

This modification consisted of replacing the tryptone in the Bruch et al. method with 

pasteurized crabmeat (100 g./l.) and using cysteine hydrochloride (0.21 g./l.) instead of 

sodium thioglycollate as the reducing agent. 

The sporulation medium was incubated at both 30 C and 2 C for anywhere between 

one week and one month. 
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3.8.5 Triple Sugar Iron (TSI) Agar Method 

Vegetative cells were grown on TSI slants and incubated in anaerobe jars at 30 C for 

at least one week (Several were incubated much longer). 

The spores were harvested by adding approximately 10 mis. of sterile distilled water 

to the slants and vortexing. The resulting spore suspension was collected in a sterile 

flask. 

3.8.6 Soil Extract Agar (SEA) Method 

SEA was made by taking 400 g. of commercial potting soil (Hyponex Co., Copley, 

OH), mixing it with 960 ml. of tap water and autoclaving at 121 C for one hour. The soil 

was allowed to settle overnight and the supernatant was filtered with a Whatman No. l 

filter paper. The filtered supernatant was autoclaved for an additional 20 minutes at 121 

C. The SEA was added to 0.5% peptone, 0.3% beef extract and 1.5% agar in tap water 

and boiled to dissolve the agar and either dispensed into dilution bottles and autoclaved 

at 121 C for 20 minutes and slanted, or autoclaved at 121 C for 20 minutes and made into 

spread plates (Solomon, 1984). 

Three concentrations, 25%, 50%, and 75% SEA, were tested to determine the 

optimum spore production. 

O .2 mis. of cell culture was spread onto SEA slants and slants were incubated in 

anaerobe jars at room temperature (ca. 30 C) for two months or longer. 

The spores were harvested by adding approximately I 0 mls. of sterile distilled water 

to the slants and vortexing. The resulting spore suspension was collected in a sterile 

flask. 

Half of the spore suspension was treated enzymatically with lysozyme (Sigma 

Chemical Co., ST. Louis, MO) and trypsin (Sigma) in 0.5 M phosphate buffer (pH 8.1) 

for 2 hours at 45 C. The concentration of lysozyme was 100 µg/ml. and the concentration 

of the trypsin was 50 µg/ml. Spores were then washed twice with sterile distilled water, 

centrifuging at approximately 4000g for 5 minutes after each wash. 
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3.8.7 Anaerobic Agar Method 

Plates of Anaerobic Agar (BBL) were inoculated with 0.1 ml. cell suspension and 

incubated in anaerobe jars for l to 2 months (Lynt, 1983 ). 

Spores were harvested by adding 10 mis of sterile distilled water to the plates and 

gently lifting the colonies from the agar with a hockey stick. The resulting spore 

suspension was collected in a sterile flask. 

Half of the spore suspension was enzymatically treated as described above (See SEA 

method). 

3.8.8 TBYS Medium 

TBYS medium was produced by using 5% trypticase, 0.5% Bacto peptone, 0.1% 

Yeast Extract, 0.4% NaCl, and 0.1% sodium thioglycollate in distilled water. The spore 

crop was incubated at room temperature for up to one month (Takeshi, et al., 1988). 

A modification of this method included the addition of activated charcoal to the 

medium. 

3.9.0 Soore Outgrowth Study 

To determine if spores were able to outgrow at storage temperatures, spore 

suspensions were stored for 2 1/2 weeks to six months at 2 C, and -10 C. Spores for this 

experiment were produced by the anaerobic agar method and the TBYS medium methods. 

Spore concentration was determined by heating IO mis of spore suspension at 75 C 

for 10 minutes and immediately cooling in an ice bath. Samples were enumerated using 

the MPN method described above. Tubes were incubated at 30 C for 144 hrs. 

3.10.0 Thennal Resisgnce DeBnninations 

3 .10. I Calculation of D-values 

Data from the thermal inactivation study was used to determine the log number of 

spores surviving heating at 85 C and these numbers were plotted versus time to determine 
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D-values. These D-values must be viewed as approximations since only the temperature 

of the water bath was monitored. Although the temperature of the individual samples 

were not monitored, Michels' (1979) has shown that this method heats and cools the 

samples almost instantaneously. 
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4.0.0 RESULTS 

4.1.0 Isolation of Sooilge Organisms 

In order to isolate as many spoilage organisms as possible, the crabmeat was 

enumerated under both aerobic and anaerobic conditions and incubated at three different 

temperatures: 20 C was chosen to isolate psychrotrophs; 30 C to isolate mesophiles; and 

45 C (55 C) to isolate thermophiles. A rich medium (BlllA or mBIDA) was used so that 

the nutrient requirements of a majority of organisms present in the spoiled crabmeat 

would be met. Heat treatments at 60 C and 80 C were done in order to test for the 

presence of spores. 

Figures 4.1.0.1 through 4. 1.0.4 show the log number of CFU/spores per milliliter for 

each can tested. Figures 4.1.0.1 and 4.1.0.2 show aerobic/facultative growth at incubation 

temperatures 30 C and 20 C, respectively. Figures 4.1.0.3 and 4.1.0.4 show anaerobic 

growth at incubation temperatures 30 C and 20 C, respectively. No information is given 

for aerobic or anaerobic growth at 45 C (55 C) as there was no growth in any of the 

isolation experiments at this temperature. No information is given for the 3 C incubation 

since it was similar to the 20 C incubation results and was only for one experiment. 

4.1.1 Aerobic Growth 

Growth at both 20 C and 30 C was similar. Generally, counts from the 20 C 

incubation were slightly higher than the 3 0 C incubation. This might be due to the longer 

incubation period of the 20 C plates ( 144 hrs. vs. 48 hrs.). Very few spoiled cans 

contained spores. Outgrowth of spores occurred more often at 20 C than at 30 C. Three 

cans ( 6, 7, and 9) had spore outgrowth after a heat treatment of 60 C for I 0 minutes. 

This outgrowth occurred at both the 30 C and 20 C incubation temperatures. Three cans 

(9, 10, and 13) showed outgrowth of spores after a heat treatment of 80 C for 10 minutes. 

Only one can (9) showed spore outgrowth at 30 C, while all three (9, 10 and 13) showed 

spore outgrowth at 20 C. 
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Figure 4.1.0.l Counts of aerobic/facultative organisms isolated from 
spoiled crabmeat (experiments 1-14) and incubated at 30 C for 48 hrs. 
NHS=no heat shock to sample, 60 C=sample heated at 60 C for 10 minutes, 
and 80 C=sample heated at 80 C for 10 minutes. 
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Figure 4.1.0.2 Counts of aerobic/facultative organisms isolated from 
spoiled crabmeat (experiments 1-14) and incubated at 20 C for 144 hrs. 
NHS=no heat shock to sample, 60 C=sample heated at 60 C for 10 minutes, 
and 80 C=sample heated at 80 C for l 0 minutes. 
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Figure 4.1.0.3 Counts. of anaerobic/facultative organisms isolated from 
spoiled crabmeat (experiments 1-14) and incubated at 30 C for 48 hrs. 
NHT=no heat shock to sample, 60 C=sample heated at 60 C for 10 minutes, 
and 80 C=sample heated at 80 C for 10 minutes. 

55 



EXPl 
/J!XP2 
EXP3 

EXP4 
. EXPS 

EXP6 

EXP7 
EXPI 

EXP9 
EXPIO 

EXPU 
BXP12 

Fi1u~ 4.1.0.4 Counts of anaerobic/facultative organisms isolated from 
spoiled crabmeat (experiments 1-14) and incubated at 20 C for 144 hrs. 
NHS=no heat shock to sample, 60 C=sample heated at 60 C for IO minutes, 
and 80 C=sample heated at 80 C for 10 minutes. 

56 



Two cans (12 and 14), which were approximately 20 years old, did not have aerobic 

growth at any temperature. 

4.1.2 Anaerobic Growth 

Growth at 20 C and 30 C under anaerobic conditions was similar to each other. 

Counts from roll tubes incubated at 20 C were higher than counts from roll tubes 

incubated at 30 C for all but two cans (1 and 13). Cans 1, 2, 4t and 9 showed spore 

outgrowth at both incubation temperatures after a heat treatment of 60 C for I 0 minutes. 

Only cans 2 and 4 showed spore outgrowth after a heat treatment of 80 C for I 0 minutes 

and this was for the 20 C incubation only. 

Cans 5, 7 and 14 showed no anaerobic growth at all. 

4.1.3 Processors 

Spoiled cans from Processor A showed higher aerobic counts than anaerobic counts. 

Spores were found in two cans obtained from this processor and these outgrew under 

aerobic conditions only. All cans tested from this processor were hard swells. 

On the other hand, cans from Processor B showed much higher anaerobic counts than 

aerobic counts. The one exception was can Sf which was an unspoiled can packed and 

pasteurized in 1990, and was used to get an idea of the "normal" microflora in this 

processor's crabmeat. This can showed no anaerobic growth whatsoever. The aerobic 

co\Ults in the unspoiled can were higher than the aerobic counts of the three spoiled cans 

from this processor. Two of the spoiled cans contained spores which only outgrew under 

anaerobic conditions. AU spoiled cans tested from Processor B were soft swells. 

The can from Processor D showed higher anaerobic counts than aerobic counts and 

no spores were found. The one can tested was a soft swell. 

Higher aerobic counts than anaerobic counts were found from the one can tested from 

Processor C. Spores only outgrew under aerobic conditions and the can was a hard 

swell. 
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4.1.4 Sensory Panel Results 

An untrained consumer panel was asked to evaluate a number of the cans to get an 

informal characterization of the spoiled crabmeat. Cans from Processor A, Processor B, 

Processor C and Processor D were tested for sensory characteristics. 

Four cans (Can 1, 3, 6 and 7) from Processor A were evaluated. Can I had crabmeat 

that was described as having a creamy/yellow color with a fishy smell. Two out of three 

panelists said that if the can had not been swollen they would have eaten the meat since 

they felt the smell and color indicated that the meat was not spoiled. Can 3 was 

described as having a typical creamy white/yellow coloring by all but one panelist who 

described the color as being pale and "unhealthy". The smell was described as being 

fishy, with a slightly off odor. Three out of five panelists said they would not eat the 

meat. One panelist said they would only eat the meat if they were extremely hungry and 

that was all they had to eat. Can 6 had the gamut of descriptors used to describe its 

color--ranging from brown to yellow to nonnal11 creamy white. The odor also had a 

variety of descriptors. They ranged from sweet, to slightly off11 to putrid. Four out of six 

panelists said they would not eat the meat, while two said they would. Can 7 was 

described as having a darker color than normal crabmeat. One panelist described it as 

being grey. The smell was characterized as being fishy and strong. None of the four 

panelists said they would eat the meat. 

Two cans from Processor B were evaluated. Can 4 was described as looking like 

normal, fresh crabmeat by all but one panelist who said the color was darker than normal. 

The smell was characterized as being putrid and rotten and none of the five panelists said 

they would eat the meat. Can 9 was described as having a slightly dark to normal color 

with a putrid, rancid smell. None of the six panelists said they would eat the meat 

The can from Processor C (10) was described as having a darker than normal color 

and a sour, rotten smell. None of the six panelists said they would eat the crabmeat. 

The can from Processor D (11) was described as being normal in coloring with a 

fruity to putrid odor. Half of the panelists (two out of four) said they would eat the meat. 
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4.2.0 Thennal Inactivation of Isolated Omanisms/Soorcs 

It was suspected that the organism responsible for the spoilage was able to survive 

the NBCIA minimum pasteuriz.ation recommendation of an F 161185F(ssq of 31 minutes. 

Therefore, organisms displaying differing morphology were tested for their heat tolerance 

by submerging vials containing cultures of these organisms/spores in an 85 c water bath 

and enumerating viable organisms after selected time periods. Any organism, or spore, 

surviving for 32 minutes or longer was identified. Those that did not meet this criterium 

were disregarded. 

Spores from four anaerobic organisms and three facultative organisms were able to 

survive a heat treatment of 85 C for 32 minutes or longer and were identified. It is 

interesting to note that all organisms able to survive this heat treatment were isolated from 

a single can (#9) fom Processor B and all were spores obtained from cultures that had 

outgrown from spores surviving the 80 C spore test. The spore suspension was not 

cleaned since total numbers tended to be low and it was felt that cleaning would reduce 

the numbers even further. Heating at 85 C for only a few minutes would kill any 

vegetative cells present, so that counts at I 5, 20, 25, 32, 40, 60, and 85 minutes would 

only arise from surviving spores. 

Figure 4.2.0.1 gives the results of the thermal inactivation studies on the anaerobic 

organisms. 

Spores from the anaerobic organisms were not extremely heat tolerant. Three 

organisms only had approximately 101 spores/ml. viable after 32 minutes at 85 C and one, 

very large round/irregular yellow, did not even survive to 32 minutes. However, this 

organism was included since it did survive up to 25 minutes at 85 C and in comparison 

with all other anaerobic organisms tested, it was felt to have a relatively high heat 

resistance. 

Conversely, spores from the facultative organisms displayed considerable heat 

tolerance, usually showing counts around 101 to 102/ml. after 85 minutes at 85 C. Spores 
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were produced from these organisms very rapidty .. ·sometime between 6 and 18 hours of 

incubation at 30 C. Thermal resistance studies on 6 hour old cultures showed no growth 

upon heating, indicating the presence of vegetative cells only, while 18 hr. old cultures 

had viable cells after 85 minutes at 85 C, indicating the presence of spores. 

Figure 4.2.0.2 gives the results of the thermal inactivation studies on the facultative 

anaerobes. 

4.3.0 Cag Seam Analvsis 

Cans from two processors, A and B, were checked for can seam defects. Table 4.3.0 

gives the measurements obtained for thickness, height, body hook, cover hook, and 

tightness. Five cans, two from Processor B (2 & 4) and three from Processor A (3, 6 & 

7) underwent leak tests. 

Upon breakdown of cans from Processor A, it was noticed that the cans were not all 

of one standard makeup. The can from isolation experiment 1 had a soldered side seam 

on a metal can with an aluminum company end. Soldered side seam cans have not been 

made for years, so this indicates that old cans were being used with new ends. It is likely 

that the canning equipment was not set for this type of can, thus causing the can to 

exceed specifications. Measurements from this can show that height and body hook on 

the company end exceeded specifications. The can from isolation experiment 6 had a 

metal can, although not with a soldered side seam, with an aluminum end. Height on the 

company end exceeded specifications for this can. Cans from isolation experiments 3 and 

7 had all standard parts, but height on the company end for both cans and cover hook on 

the company end for the can from isolation experiment 3, exceeded specifications. 

All three cans tested from Processor B appeared to meet specifications in all 

categories. 

A 15 lb. leak test was performed on five cans: three from Processor A, and two from 

Processor B. These tests indicated that all three cans were acceptable, even though 

measurements indicated that the cans from Processor A were out of specifications. 
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Table 4.3.0 Can seam measurements of cans ~ontaining spoiled 
crabmeat. 

.:A.fl fWulw/ &.d. 1"\.uc.\J\us. ~~ C-c.r~~ ~ ,.., i"'"" "'•' 
$t.. 

~tot\ 

,,.. 
'""}1 ...... , ,,.,,;. IM o• ..,,, ...... •l'li ···"' ~"" C.\'::. O.\Ur °''~ 104:. 

i ~ 
~. '4 ~ 01£,: °""' •"°"'f •"""' """' ..... ft .~ -~ '"'" •"'" ...... '\O~, MC> 

a. ~ o•"I od". o~ o.-.& ,,,.. o.tM ~ .~ .0.#' ··- "'"" .... qo•. 
'"I 
,/.. 

....,..,..,... 
~. ~ .. ~ ,,, .. 01n oG. #.It\ Utio •"11 °* 111 .... ..... . ... ~ "·""' •• loo~ .. t'IO 

;.. 
~ .... ~ t.l.d"l ....... . ..,. ·-~ .... , ~""" H'W •.U." ..... 

~. -:, LMc.I' I 

"" c.~1,_\.I., 
o..-i }o.o..~ ... o If~ O.M Ollill> '°""" ...... .... , o.• ~ '"''' o.-.:t io. ... -:. qei~ 

£. I~ tl.1111'\I•""" . ~ . .-.. ~~ ~E1c-~ lo .. ,~ C.\I( .... , .. ~ .. 0#\ 
u ~" I ~ I 

•Nf""'~ ~ ~ ~jo41 '·'~' 1o,,,,, ~o oil#!°'"; o.o&: °'" .... 
\OC'" .. I 

~ ic:: o.dvT.=• ~-"' ~.CllM o~ 0""1 • .-....1 ... "" I·~ u.- C" .. ... \00~ .. 
:> ' I 
~. 

~, ,.,., ~ .... ~ I ""f .... !'--' o.tA:t j6..- #4t ~..,.. P'""' 'U1411 O.\'U •·'11# \OC'';. I ,., 
~ ·~ •""1l c..o4 '"""' O.ok ~ .... , ...... ... I ·~-:s fc>.\~ jo.t1A-- \Ge!'":-.. , ~ 

t.:' ~. ,... -~ f/lf,/O ~.IN· "'"" O.noil •-*"'l ~ o.~ H"1' 0.M;.. ... """.,.. """ ... , .. : .. 
.. ~ r>•= (/IOI# lo.11'°'1 ..... .... 1-•t. ti .... c.-. ..... tJ'\l o.~ U'2'\ \~·;,. 

i...au 
~. ,_..., •"""' o~ o.Q;j ..... •.flt"l tAf> olt< ~ o.~ ~- e.\\.._ °"". o.w. \CIC.""'-

~ 

MJin) 

""""' s.-. 
,...~._,,,..,, 

~. 

"'"· ~ 
't.,.t 

~. 
tS' u •. 
&..tck. 

""" 
~. 

"·~· 
:i i.c4L 

'Ta• 

l'\e 
~~ 
'" . 
~ 

~. ",.,, 
'""-II.. 
,. ... 4 

~· ........ 
. "\a4' 

63 



4.4,0 Identification of Organisms 

4.4.1 Facultative Anaerobe/Non-heat Tolerant 

4.4. l, 1 Growth Conditions/Morphology 

A facultative gram positive rod shaped anaerobe was isolated from Can 1 (Processor 

A). This organism did not survive heating at 185 F (85 C) for 32 minutes. Even though 

it is not heat tolerant, the organism displays interesting characteristics and will therefore 

be described. 

The can from which this organism was isolated had been temperature abused. The 

refrigerator in which it had been placed broke down and the can sat at room temperature 

for much of a weekend. 

This isolate grew well under both aerobic and anaerobic conditions. Terminal spores 

(occasionally subterminal) are formed only under anaerobic conditions. Optimum growth 

was observed at 30-37 C, but good growth was also observed at 25 C. The organism 

appeared as a large round white colony when grown on BHIA. The organism was motile. 

4.4. l .2 Biochemical Results 

Table 4.4.1.2 shows the biochemical results of this facultative anaerobe. "+" indicates 

a positive reaction,"-" denotes either no reaction or no acid production, "w" denotes weak 

acid production and "a" denotes strong acid production. 

This organism was found to produce a weak acid in PY, mannose and sucrose. In 

mannitol and lactose it produced weak to no acid. It produced a strong to weak acid in 

glucose and fructose. Esculin and starch were hydrolyzed. This organism was not 

geJatinolytic or proteolytic. It was oxidase and catalase positive and it reduced nitrate to 

nitrite. Reaction on TSI slants produced acid slants and butts, although there was no gas 

or hydrogen sulfide production. 
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Table 4.4 .. 1.2 Biochemical results for the non-heat tolerant facultative 
anaerobe isolated from can I (Processor A). 

Biochemiul Media Facaltlltive Anaenthe/Non-heat TolelWlt 

Catalase + 
r-

Oxidase + 

Motility + 

MR -
VP + 

Nitrate Reduction + 

Urease .. 
TSI AS/ AB no gaslff 2S 

Esculin pH -
Esculin Hydrolysis + 

Starch pH .. 
Starch Hydrolysis + 

Gelatin .. 
Cooked Meat -
Milk -
lndole + 

PY w 

fructose ... 
Glucose a" 

-" Lactose 

Maltose w 

. " Mannitol 

fdannose w 

Melibiose -
Ribose -
Xylose -
Sucrose w 
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4.4.1.3 Fermentation Acids 

Table 4.4.1.3 shows the relative amounts of the fermentation acids produced when this 

organism was grown in PYG broth. Fermentation acids produced were acetic, formic, 

butyric, lactic and succinic acid. 

4.4.2 Facultative Anaerobes/Heat Tolerant 

4.4.2.1 Growth Conditions/Morphology 

Three facultative anaerobes were able to survive a heat treatment of 185 F (85 C) for 

31 minutes or longer. These organisms were all isolated from can 9 (Processor B). 

All three organisms showed similar growth and morphology. They were gram 

positive rods which appeared as either large or very large round to irregularly shaped, 

white or yellow colored colonies when grown on BIIlA. Growth occurred at 21 C but 

not at 10 C. The highest temperature tested in which growth occurred was 40 C. Growth 

occurred in 8% sodium chloride in T-Soy Broth, but not in 10% sodium chloride. These 

organisms were motile. 

4.4.2.2 Biochemical Results 

Table 4.4.2.2 shows the biochemical results for the three heat tolerant facultative 

anaerobes. Descriptors are the same as those described in section 4.4.l.2. 

All three organisms had identical biochemical results and are felt to be the same 

organism. This organism produced acid, but no gas, in glucose, mannose, and xylose. 

It did not produce acid or gas in lactose and mannitol. It was catalase and oxidase 

positive and MRNP negative. It reduced nitrate to nitrite. 

4.4.3 Anaerobes/Heat Tolerant 

4.4.3.l Gel Electrophoresis 

Figure 4.4.3.l.l shows the soluble protein patterns from a Native PAGE of the heat 

resistant organisms described in section 4.2.0, Thermal Inactivation of Isolated 
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Table 4.4.1.3 Fermentation acid results for the non-heat tolerant 
facultative anaerobe isolated from can 1 (Processor A). 

Fennentation Add Facultative Anaerobe/Non-heat Tolerant 

0-. 
-.....) 

Acetic 

Formic 

Butyric 

Lactic 

Succinic 

81 

21 

3 

24 
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Table 4.4.2.2 Biochemical results for the heat tolerant facultative 
anaerobes isolated from can 9 (Processor B). 

Biochemic.. Medi• Very Laree Very I.Mp 
Roundllm!1ular, Round White 

- White/Yellow 

PYG (anaerobic) + + 

Motility Agar + + 

Catalase + + 

Oxidase + + 

MR . -
VP .. -
Nitrate Reduction + + 

Phenol Red GI ucose A/NG A/NG 

Phenol Red Lactose NA/NG NA/NG 

Phenol Red Mannitol NA/NG NA/NG 

Phenol Red Mannose A/NG A/NG 

Phenol Red Xylose A/NG A/NG 

2% NaCl in TSB + + 

So/o NaCl in TSB + + 

8% NaCl in TSB + + 

10% NaCl in TSB .. -
Growth at 3 C - .. 
Growth at l 0 C - .. 

Growth at 21 C + + 

Growth at 30 C + + 

Growth at 40 C + + 

Growth at SS C - -

Very Llqe 
lneaul• Yellow 

+ 

+ 

+ 

+ 

.. 

-
+ 

A/NG 

NA/NG 

NA/NG 

A/NG 

A/NG 

+ 

+ 

+ 

. 
-
.. 
+ 

+ 

+ 

. 
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Lane 011anism 

1 Streptococcus jaecalis 

2&3 Organism 1 

4&5 Organism 2 (Wayne Segner) 

6&7 Organism 3 

8&9 Organism 4 

10 & 11 Organism 5 

12 &13 Organism 6 

14 & 15 Organism 7 

16 Organism 8 

I 7 & 18 Organism 9 

19 & 20 Organism 10 

Figure 4.4.3.1.1 Soluble protein patterns, obtained by native PAGE, of 
heat tolerant, anaerobic organisms isolated from spoiled crabmeat. 
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Organisms/Spores. Figure 4.4.3.1.2 shows the protein patterns from the two isolates 

obtained from Ralph Cockey in 1991. Figure 4.4.3.1.3 shows the protein patterns from 

a native PAGE of the organisms isolated from cans from Processor D and one of the 

isolates obtained from Wayne Segner in 1991. 

Only organisms from can 9 showed the ability to withstand heating at 85 C for 32 

minutes or longer. It was felt, however, that organisms with similar morphology from 

other cans from Processor B should also be run, since there was a possibility that they 

would be the same organism as those from can 9. Organisms isolated from Processor C, 

Processor C, and Processor E were also determined, even though they did not appear to 

be heat resistant, because their morphology was similar to those found in cans from 

Processor B. The organisms from Wayne Segner and Ralph Cockey had their profiles 

determined to compare them to the organisms isolated in the 1989 spoilage. Lane one 

of figure 4.4.3 .1.1 contained the reference, typestrain VPI 83 74 of Streptococcus faecalis. 

All organisms tested were anaerobes. 

Analysis of the gels indicated that organisms 4, 5, 6, and 7 (lanes 8 through 15, 

Figure 4.4.3.1.1) were the same organism, and organisms 3 and 11 (lanes 6 & 7 and 19 

& 20, Figure 4.4.3.1.1) were the same organism. Slight differences were seen between 

organisms 1, 2, 4, York 2 in Figure 4.4.3.1.2 (lanes I-through 9, Figure 4.4.3.1.2). 

Organsim 563-6 did not grow well enough to determine its similarity to the other crab 

isolates. Only one protein band could be determined (lanes 10 and 11, Figure 4.4.3.1.2). 

At least three are needed to get a good idea of the similarity (Moore, 1980). The 

reference strains for this gel were Clostridium subtenn inale and Clostridium botulinum 

Type G, strain 89. (lanes 12 through 15, Figure 4.4.3.1.2. Therefore organisms 1, 2, 3, 

4, 9, I 0, York I and York 2 were identified by biochemical and fermentation acids since 

they had differing, albeit similar, protein patterns. RC 6-91 and RC-7-91 (lanes 3 through 

6, Figure 4.4.3.1.3) were very similar to the reference strain, isolate #4, and were 

considered to be the same organism. They were therefore not identified biochemically. 
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Lane Organism 

) Organism 4 

2 Organism 4 

3 6-91 (Ralph Cockey) 

4 6-91 (Ralph Cockey) 

5 7-91 (Ralph Cockey) 

6 7-91 (Ralph Cockey) 

Figure 4.4.3.1.2 Soluble protein patterns, obtained by native PAGE, of 
heat tolerant anaerobic organisms isolated from spoiled crabmeat. 
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Lime Orianism 

I Organism I 

2 Organism I 

3 Organism 1 

4 York I (Processor E) 

5 York I (Processor E) 

6 York 2 (Processor E) 

7 York 2 (Processor E) 

8 Organism 2 

9 Organism 2 

10 563-6 (Wayne Segner) 

11 563-6 (Wayne Segner) 

12 Clostridium .mhtenninale 

13 Clostridi11m subterminale 

14 Clostridium bot11/inr1m type G 

15 Clostridillm botulinum type G 

Figure 4.4.3.1.3 Soluble protein patterns, obtained by native PAGE, of 
heat tolerant anaerobic organisms isolated from spoiled crabmeat. 
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4.4.3 .2 Growth Conditigns/Morphology 

Organism I developed as a small round white colony when grown on mBlilA. It is 

an anaerobic gram positive rod and was isolated from can 9 (Processor B). Growth did 

not occur at 55 C, occurred fastest at 30 C and grew well at 20 C, although it took 

approximately 144 hours to get the same amount of growth at 20 C as it had in 48 hours 

at 30 C. Turbid growth in PYG broth (-104 cells/ml.) appeared in approximately one 

week at 4C. Sporulation did not occur readily and upon spore staining only unattached 

spores were observed. 

Organism 2 was obtained from Dr. Wayne Segner of Continental Can Co., and was 

designated WS 393-9. Dr. Segner isolated this organism from spoiled pasteurized 

machine picked meat from Processor B (pasteurized in 1989). It is an anaerobic gram 

positive rod. Optimal growth occurred at 30C but good growth was observed at 20 C 

also. Dr. Segner reported growth at temperatures as low as 2 C. Upon spore staining~ 

only unattached spores were observed. 

Organism 3 developed as being a very large round, to irregularly shaped, white to 

yellow colored, colony when grown on mBIDA. This organism was an anaerobic gram 

positive rod isolated from can 9 (Processor B). This organism would not grow at 4 C. 

Organism 4 developed as a medium sized round, white colony when grown on 

mBiilA. It is an anaerobic gram positive rod isolated from can 4 (Processor B). Growth 

characteristics are similar to Organism 1, but only moderate growth was achieved after 

one week at 4 C in PYG broth. Spore staining revealed mostly unattached spores. 

However, the few spores that remained attached were in a subterminal location. 

Organism 9 formed a small, round, white colony when grown on mBHIA and is a 

gram positive cocci. It is unknown from which can it was isolated. 

Organism IO formed a very small round white colony when grown on mBIIlA. It is 

a gram positive rod shaped bacteria and was isolated from can 11 (Processor D). 

York l and York 2 were isolated from a can of claw meat, obtained from Processor 

E, which was approximately 20 years old. York I developed a small, irregular colony 
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when grown on mBlilA and York 2 formed a large, round colony when grown on 

mBlllA. 

4.4.3.3 Biochemical Results 

Table 4.4.3.3 gives biochemical results for the organisms that were determined to be 

different from one another by gel electrophoresis ... _,,denotes no production of acid, "w" 

denotes weak acid production and "a" denotes strong acid production. (See Materials and 

Methods for more information on these descriptors). In the case of starch and esculin 

hydrolysis, " -" denotes no hydrolysis and "+" indicates that hydrolysis occurred. 

Organisms I, 2, 4, 10, and York I and 2 had similar biochemical results. These 

organisms weakly produced acid from glucose and weakly to strongly produced acid from 

fructose. Organism IO did not produce acid from glucose. Organism 2, York I and York 

2 showed the ability to weakly produce acid from mannose. These organisms do not 

hydrolyze esculin and only York 1 and 2 showed the ability to hydrolyze starch. They 

did not degrade gelatin or meat within fourteen days. However, over long periods of time 

(several months), they did break down meat and York 1 showed gelatinolytic activity after 

one month. None of these organisms curdled milk. 

Organism 3 is very different from the organisms described above. It produced a 

weak acid reaction from fructose, maltose and starch and a strong acid from glucose. It 

hydrolyses esculin and is gelatinolytic. 

Organism 9 was also very different from the other organisms tested. It did not 

produce acid, either weakly or strongly, in any media. Esculin and starch were not 

hydrolyzed and it was not gelatinolytic or proteolytic. 

4.4.3.4 Fermentation Acids 

To further characterize these organisms for identification purposes, organisms l, 2, 

4, 9, 10, York I and York 2 were analyzed for their fermentation products when grown 
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Table 4.4.3.3 Biochemical results for heat tolerant anaerobic organisms 
isolated from spoiled crabmeat. 

Biochemical Media Ors. Otz. Qrs. Qrs. Oq. Of'I. York 
l 2 3 ' ' 10 l 

PY - . - .. - . - -
Esculin pH . . - .. . - . 
Esculin hydrolysis .. - + . - - -
Fructose w w w w . w a 

Glucose w w a w - - w 

Lactose . - - .. - . . 
Maltose - - w . - . -
Manni to I . .. - - . . . 

Mannose .. w - . - .. w 

Melibiose .. - .. .. - - .. 
Ribose - . .. .. . .. -
Starch pH .. - w . . - -
Starch hydrolysis . . - . . . + 

Sucrose .. . .. .. . .. . 
Xylose . .. . - - .. -
Gelatin - - + . - . .. 
Meat .. - .. - - - . 
Milk - - -' .. - - .. 
Lecithinase - .. + - I • - nt 

Lipase . - - - - .. nt 

CataJase .. . ..... - - - nt 

Indole . nt .. - - nt nt 

Agar deep 4+R 4+R l+R 4+R l+NR 4+R 2+R 

nt = not tested 

York 
1 

-
. 
-
a 

w 

-
-
. 

w 

-
.. 

' . 
-
. 
. 
-
-
-

nt 

nt 

nt 

nt 

2+R 
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in PYG broth. Table 4.4.3.4 lists the results of this analysis and shows the relative 

amounts of each acid found. Organism 3 was not tested. 

The fermentation acids produced from organisms l, 2, 4, IO!t York I and York 2 were 

essentially the same. Each produced acetic, formic (except York 2), isobutyric, butyric, 

and isovaleric acids. Organism 1, York I and York 2 also produced small amounts of 

succinic acid. Organism 1 produced negligible quantities of lactic acid, while Organism 

2 produced a small amount of phenylacetic acid. 

Organism 9 produced acetic, propionic and butyric acids upon growth in PYG broth. 

4.4.3,5 Fatty Acid Analysis 

Tables 4.4.3.5.1 through 4.4.3.5.5 show the fatty acid profiles of Organisms 1, 2, 4, 

9, and I 0. These profiles were analyzed by Microbial Identification Systems, a software 

package which matches the fatty acids of the unknown organism to those of known 

organisms in order to identify the unknown organism. 

No exact matches were made, and the system was unable to identify the organisms 

by their fatty acid profiles. 

Table 4.4.3.5.6 gives a listing, and percent tnatch, of the closest matching known 

organisms to each unknown organism. 

4.4.3.6 Toxicity Assay 

All mice injected with the undiluted samples, both trypsin treated and untreated, and 

the control showed no signs of distress throughout the observation period. Mice were 

checked daily during this period. 
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Table 4.4,3.4 Fermentation acid results for heat tolerant anaerobic 
organisms isolated from spoiled crabmeat. 

Fennentadon Acid 011. Org. Orx. 
1 2 4 

Acetic 237 255 264 

Formic 31 52 45 

Propionic -- -- --
lsobutyric 10 16 11 

Butyric 116 69 78 

lsovaleric 42 59 40 

Lactic neg. -- --
Succinic I -- --
Phenylacetic -- 4 --

Org. Org. York York 
9 lO 1 2 

119 265 183 258 

-- 118 24 -· 
8 -- -- --

-- 8 3 7 

72 22 44 75 

-- 34 14 89 

-- -- -- --
-- ..... 6 s 
-- -- -- --



Table 4.4.3.5.1 Fatty acid profile for organism 1. 
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Table 4.4.3.5.2 Fatty acid profile for organism 2 . 
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Table 4.4.3.S.3 Fatty acid profile for organism 4. 
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Table 4.4.5.4 Fatty acid profile for organism 9. 
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Table 4.4.3.5.5 Fatty acid profile for organism 10. 
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Table 4.4.3.5.6 Summary of results from fatty acid profiles from 
organisms 1, 2, 4, 9, and 10. 

On:anism 1 
Clostridium subterminale 
Clostridium botulinum type G 
Clostridium tetani 

Organism 2 
Clostridium glyco/icum 
Eubacterium timidum 
Ruminococcus bromii 

Qrganism 4 
Clostridium subterminale 
Eubacterium D 11 
Clostridium botulinum type G 

Qmanism 9 
Peptostreptococcus prevotii 
Peptostreptococcus anaerobus ID 
Eubacterium timidum 

Omani1m 10 
Clostridium botulinum type G 
C/ostridium subterminale 
Clostridium botulinum type C 

3.0% match 
1.5% match 
1.0% match 

0.2% match 
0.2% match 
0.1% match 

1.5% match 
0.6% match 
0.5% match 

64.0% match 
49.0% match 
28.0% match 

7.8% match 
6.7% match 
4.0% match 
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4.S,O TIJDSmission Electron Microscopy ITEM> 

4. 5. I Organism 

Figure 4.5.I shows the appearance of organisms 1, 2, 4, and York 2 under TEM. No 

organelles, except for the cell wall and cell membrane were observed. 

4.5.2 Shadow Casting 

Figure 4.5.2 shows the appearance of the flagella on organisms 1, 2, 4, and York 2 

under TEM. The micrographs show that the flagella was peritrichous. 

4.6.0 Egyirnnmental Surv!'x 

70% of the environmental samples collected showed growth in PYG broth after 5 

days at 30 C. Positive samples were reinoculated into PYG broth and incubated at 7 C 

for one month. The purpose of this incubation was to cold enrich for the spoilage 

organism, since it is a psychrotroph. Only gram positive rods able to grow at 7 C were 

identified. 

Eleven unheated samples showed growth after one month at 7 C. These were samples 

l, 2, 3, 4, 5, 8, 9, 22, 27, 52, and 54. Of these, only one sample, 52, contained a gram 

positive rod. Sample 52 was soil from an oyster taken from Fishing Bay. 

Eight heated samples (1, 2, 8, 9, 50, 51, 52, and 57) showed growth after one month 

at 7 C and only two of these samples contained gram positive rods. Two samples, 9 and 

51, did not grow on mBIDA and were not able to be gram stained. The two samples 

containing gram positive rods were samples 52 and 57. Sample 52,. as mentioned above, 

came from soil on an oyster found in Fishing Bay while sample 57 came from marsh soil 

taken from behind the processing plant One organism was isolated from sample 52 and 

two organisms were isolated from sample 57. 

Table 4.6.0. l gives the biochemical results for these gram positive rod shaped isolates 

and Table 4.6.0.2 gives the results of the fermentation product analysis. 
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a. b. 

c. d. 

Figure 4.5.1 Transmission electron micrographs of anaerobic bacteria 
isolated form spoiled crabmeat. a. Organism 1 (Processor B, can 9), b. Organism 2 
(Wayne Segner, WS 393-9), c. Organism 4 (Processor B, can 4), d. Organism York 2 
(Processor E, can 12). 
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a. 

b. 

c. 

Figure 4.5.2 Transmission electron micrographs of tungsten oxide shadow 
cast anaerobic bacteria isolated from spoiled crabmeat. a .. Organism 2 (Wayne Segner, 
WS 393-9), b. Organism 4 (Processor B, can 4), and c. Organism York 2 (Processor C, 
can 12) 
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Table 4.6.0.1 Biochemical results of gram positive rod shaped organisms 
isolated from machine picking operation at Processor B's plant and capable 
of growth at 7 C. 

Biochemiul Media UabeaRd Heated ~ated Hemet 
Sample 52 Sample 52 Sample 57 Sample 57 
Feacbel)' Featbe1Y Yellow Yellow 

Round 1 Round 2 

PY - - - -
Esculin pH - - - w 

Esculin Hydrolysis - - - + 

Starch pH w w w a 

Starch Hydrolysis - - - + 

Fructose - w - a 

Glucose w w w a 

Lactose - - - a 

Maltose w w w a 

Mannitol - - - -
Man nose - - w a 

Melibiose - - - nt 

Ribose - - - a 

Sucrose - - - a 

Xylose - - - a 

Gelatin + + + -
Milk c c - c 

nt = not tested 
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Table 4.6.0.2 Fennentation acid results of gram positive, rod shaped 
organisms isolated from the machine picking operation at Processor B's plant 
and capable of growth at 7 C. 

Fennentatioa Acids Unheated Heated Heated Healed 
Sample !2 Sample 52 Sample 57 Sample !7 
Feadle17 Featbel)' Yellow Yellow 

Round I Round 2 

Acetic 185 295 221 189 

Formic 74 nd 87 88 

Propionic nd 33 s nd 

Isobutyric 4 27 s nd 

Butyric 4 21 7 123 

Isovaleric 7 24 11 nd 

Valerie l 0.9 nd nd 

Isocaproic 35 48 46 nd 

Lactic 33 od 18 29 

Succinic s 9 7 29 

Alcohols nd s s nd 

Hydrogen nd 13 9 nd 

nd-not detected 
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4. 7 .O Snore Prnduction 

A large number of methods were tried in order to obtain spores from Organisms 1, 

2, and 4. Three basic methods were tried--liquid, biphasic, and solid media. Results were 

mixed with no method giving especially good or consistent results. 

The liquid methods included PYG broth and TBYS medium. The PYG method was 

the simplest. PYG broth was inoculated and allowed to sit at 30 C until spores were 

produced. Spore concentrations ranged from 101 to 104 spores/ml. with this method. The 

main problem with this method was the small total amounts produced--usually only 50-

100 milliliters. TBYS medium, and TBYS medium with activated charcoal added, 

produced approximately I 04 spores able to survive heating at 75 C for I 0 minutes. 

Biphasic methods included the Bruch et. al. method, the EY A modification and the 

crabmeat modification. Spore concentrations from these methods ranged from O 

spores/ml. to l 05 spores/ml. Results were inconsistent from batch to batch. 

Solid media methods included inoculation onto TSI agar, SEA and anaerobic agar 

incubated in anaerobe jars. Spore concentration for these methods ranged from 102 

spores/ml. to 105 spores/ml. Again, inconsistent results remained a problem. 

Some spore crops obtained by both the SEA and anaerobic agar methods were 

enzymatically treated with trypsin and lysozyme. It was inconclusive as to whether this 

treatment helped. 

For most methods, different incubation temperatures were tried in the hopes that a 

"heat" or "cold" shock would provide the impetus for sporulation. It appeared that .. cold 

shocking" worked slightly better than "heat shocking", but neither worked well. 

4 .. 8.0 SooR Qutgrowfi Study 

Along with poor sporulation a nagging problem encountered with this research was 

that spores would outgrow during storage. After harvesting, the spores were be tested to 

determine concentration. They would then be stored at 4 C for anywhere from a few days 

to a few weeks. Quite often, spore concentrations would fall dramatically over the 
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storage period, making it impossible to run thermal death time studies. It was felt that 

the reason for this fall in spore concentration was due to spore outgrowth. Therefore a 

spore outgrowth study was conducted to determine at what temperatures spore outgrowth 

would occur. 

Spores produced by the anaerobic agar method were enumerated by the three tube 

MPN method. This method produced approximately 2 x I 05 spores/ml. After six months 

of incubation in the MPN broth, the count increased to I 06 spores/ml. The spore crops 

were frozen for six months and enumerated once again. After six months of freezing, 

virtually no spores were detected. 

Spores produced by TBYS medium with charcoal added were enumerated by the three 

tube MPN method and this method produced approximately 3 x 104 spores/ml. After 2.5 

weeks of freezing the spore crop counts were 2 x 104 spores/ml. A second spore crop 

produced by this method produced 4.6 x 104 spores/ml. 

4.9.0 J>-\Talues 

Figure 4.9.0.1 shows the thermal death time plots for the facultative anaerobe isolated 

from can #9 (Processor B) and figure 4.9.0.2 shows the thermal death time plots for the 

anaerobe. 

The D-value for the facultative anaerobe was approximately 26.5 minutes in BHI 

broth at 85 C and for the anaerobe was approximately 6.5 minutes in BID broth at 85 C. 
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Figure 4.9.0 .. 1 Thennal death time plots for the facultative anaerobe isolated from can 
#9 (Processor B). Media used was BHI broth and heating temperature was 85 C. 
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5.0.0 DISCUSSION 

5 .1. O Spoilage Patterns in Pasteurized Crabmeat 

The spoilage for all the cans tested can be placed into two different categories. Either 

the spoilage was predominantly anaerobic, or predominantly aerobic. Anaerobic spoilage 

was characterized by a putrid/rotten smell, while aerobic spoilage was characterized by 

a fishy odor. 

5. l. l Anaerobic Spoilage 

Spoiled cans from Processor B (cans# 2, 4, and 9) and Processor D (can# 11) can 

be grouped within the anaerobic spoilage category. These cans had much higher anaerobic 

counts than aerobic counts. Anaerobic counts were on average three log cycles higher 

than the aerobic counts in these cans. Spores were able to outgrow under both aerobic 

and anaerobic conditions for some, but not all, cans with this type of spoilage. Total 

anaerobic counts were slightly lower than those found by Ward et al. (1977) in 

pasteurized crabmeat stored at 3 .3 C for three months. The total anaerobic counts for 

cans exhibiting anaerobic spoilage was 7.6 x 107 CFU/g. (#2), 4.7 x 108 CFU/g. (#4), 9.9 

x 107 CFU/g. (#9), and 1.2 x 106 CFU/g. (#11), whereas Ward et al. (1977) found 1.1 x 

109 CFU/g. It is interesting to compare the type of microflora in the spoiled cans from 

Processor B to a unspoiled can from this company. The unspoiled can had no anaerobic 

bacteria, while the spoiled cans had anaerobic bacteria far outnumbering aerobic 

microorganisms. 

The odor from the Processor B cans was described by the panel as being putrid or 

rotten. None of the sensory panelists said they would eat this meat. The odor from the 

can from Processor D was different, being described as "fruity". However, one panelist 

described this meat as smelling "putrid". Two out of four panelists said they would not 

eat the meat. 
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The predominant type of bacteria from cans exhibiting anaerobic type spoilage was 

Gram positive rods. Ward et al. (1977) and Segner (1992) found the same for both fresh 

and pasteurized meat. Ward (1977) found Lactobacilli to be the predominant genus in 

both fresh and pasteurized crabmeat, while Segner (1992) found Clostridium to be the 

predominant genera in pasteurized crabmeat. 

Pierson et al. (1970) found Lactobacilli to be the predominant anaerobic genus in 

stored beef. Both Dainty et al. (1989) and Kalchayanand (1993) found Clostridium 

species to be predominant in spoiled vacuum packed beef. 

5. 1.2 Aerobic Spoilage 

Cans from Processor A (can #'s I. 3, 6, 7) and Processor C (can #10) showed higher 

aerobic counts than anaerobic counts. On average, the aerobic counts were one to two 

log cycles higher than the anaerobic counts in these cans. Spores outgrew under aerobic 

and anaerobic conditions with this type of spoilage. 

A variety of descriptors were used to describe the odor of the cans with aerobic 

spoilage, the predominant one being "fishy". Approximately one-third of the panelists 

said they would eat the meat from these cans. 

S.1.3 Processor E 

Of the three cans from Processor E only one had any growth at all. This was a can 

of claw meat, possibly machine picked, and it showed both aerobic and anaerobic growth. 

The aerobic counts were in the 103 range for both unheated and heated ( 60 C and 80 

C) samples. Aerobic growth only occurred in the 20 C incubation temperature. 

Anaerobic counts were in the I 02 range and only occurred in the unheated samples. 

Anaerobic growth occurred in both the 30 C and the 20 C incubation temperatures. 

It is hard to compare the growth in these cans to the growth in the cans from the 

1989 spoilage since these cans were approximately 20 years old. 
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5.2.0 Tbennal Inartivation 

It was suspected that some of the spoilage was due to an organism!J or its spores, that 

was able to survive the pasteurization process, and was not due to post processing 

contamination. To test for this, the isolated organisms and their spores were heated in an 

85 C water bath. All organisms surviving the heat process for 31 minutes or longer were 

identified. 

Spores from three facultative anaerobes and four anaerobes were able to survive this 

process. Spores from the anaerobic organisms were not extremely heat tolerant. 

Conversely t spores from the facultative anaerobes were very heat tolerant. All of these 

organisms came from a single can from Processor B (#9). 

The four anaerobes and three f acultative anaerobes mentioned above, in addition to 

other organisms with similar morphology, were run on gel electrophoresis and identified. 

(See section 5.4.0). 

SJ.O Cao Seam Analvsis 

The cans from the Processor A were not all of one standard makeup. The can from 

isolation experiment I had a soldered side seam on a metal can with an aluminum 

company end. Soldered side seam cans have not been made for years, so this indicates 

that old cans were being used with new ends. It is likely that the canning equipment was 

not set for this type of can, thus causing the can to exceed specifications. Measurements 

from this can show that height and body hook on the company end exceeded 

specifications. The can from isolation experiment 6 was a metal can, although not with 

a soldered side seam, with an aluminum end. Height on the company end exceeded 

specifications for this can. Cans from isolation experiments 3 and 7 had all standard 

parts, but height on the company end for both cans and cover hook on the company end 

from the can from isolation experiment 3~ exceeded specifications. 

All three cans tested from Processor B appeared to meet specifications m all 

categories. 
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A 15 lb. leak test was performed on five cans: three from Processor A, and two from 

Processor B. These tests indicated that all five cans were acceptable~ even though 

measurements indicated that the cans from Processor A were out of specifications. 

It was concluded that the spoilage in crabmeat from Processor A was due to post 

processing contamination, while spoilage in crabmeat from Processor B was due to a 

sporeforming bacteria able to survive pasteurization and outgrow at refrigeration 

temperatures. The thermal inactivation study supports this conclusion since the heat 

tolerant organisms/spores were found only in cans from Processor B. 

5.4.0 Identification of Heat Tolerant Microorganisms 

5.4. l FacultQ.tive Anaerobe/Non-heat Tol~rant 

An organism isolated from can #1 (Processor A) grew under both aerobic and 

anaerobic conditions, but was only able to sporulate under anaerobic conditions. This 

organism was identified as a Clostridium species which has not been described in the 

literature. This organism was unable to grow at refrigeration temperatures and it is 

doubtful that it contributed much, if anything, to the spoilage in can # 1. The organism 

was interesting, however, in that it was one of only a few Clostridium species able to 

grow aerobically. Four Clostridia, C. tertium., C. inulinum, C. durom., and C. camis, are 

the only Clostridia reported in the literature that have this ability (Bergey's, 1986; 

Anaerobe Laboratory Manual, 1977). 

5.4.2 Facultative Anaerobes/Heat Tolerant 

The three facultative anaerobes showing high heat tolerance were identified as a 

Bacillus species, possibly Bacillus pasteunmii. This organism was very heat resistant but 

was unable to grow at refrigeration temperatures. It was not felt that this organism 

contributed significantly to the spoilage in the can it was isolated from, since the can was 

not temperature abused and, therefore, the Bacillus sp. would have been unable to grow 

and produce spoilage. Bacillus species have been found in fresh and pasteurized crabmeat 
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by several authors (Lee and Pfiefer, 1975; Ward, et al., 1977; Fellers, 1927; Loharanu 

and Lopez, 1970). 

5.4.3 Anaerobes/Heat Tolerant 

5.4.3.l Gel Electrophoresis 

Although spores from only four isolates were able to survive heating at 85 C for 32 

minutes or longer, organisms with similar morphology were run on Native PAGE since 

it was possible that they could be the same organism. The electrophoretic patterns of the 

organisms tested showed that eight of them were different from one another. These eight 

organisms were I, 2, 3, 4, 9, IO, York l, and York 2 and each of these were identified. 

The protein profiles of organism I, 2, 4, 10, York 1, and York 2 were very similar to 

each other but had minor differences, such as band density. The profiles for organism 3 

and 9 were entirely different from the others. According to Cato et al. ( 1982), strains 

showing minor differences in their electrophoretic protein patterns, but with an overall 

similarity have a 70% or greater DNA-DNA homology. 

5.4.3.2 Identification 

The organisms showing similar protein patterns on Native PAGE had similar 

biochemical and f ennentation acid results. It was therefore determined that these isolates 

were the same organism> albeit different genotypes, since their protein profiles were 

slightly different. These organisms (organisms I, 2, 4, 10, York 1, and York 2) were 

identified as a Clostridium species which had not been reported previously in the 

literature. 

This Clostridium species is very similar in characteristics to Clostridium botulinum 

type G, however with some differences. A few of the similarities include the type of 

fermentation acids produced when grown in PYO. These organisms produced acetic, 

butyric, isobutyric, formic and isovaleric acids, with a few strains producing small 

quantities of succinic and phenylacetic acids, while type G produces acetic~ butyric,. 
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isobutyric, isovaleric, phenylacetic and hydroxyphenylacetic acids. Other similarities 

included its difficulty in sporulating under laboratory conditions~ its inability to ferment 

carbohydrates and its intermediate reaction to gelatin and cooked meat. Some of the 

differences were that the crab isolates are not toxic to mice, were able to ferment glucose 

and fructose, and were not gelatinolytic. (However some strains did show gelatinolytic 

ability after one to two months incubation.) 

Wayne Segner (1992) isolated a psychrotrophic Clostridium sp. similar to Clostridium 

arcticum from pasteurized crabmeat. The organism I called #2 was obtained from Dr. 

Segner and is his organism 393-9. Our biochemical and fermentation acid analyses were 

very different from one another. Table 5.4.3.2.1 shows a comparison between Dr. 

Segner•s biochemical results and mine. Table 5.4.3.2.2 shows a comparison of Dr. 

Segner's fermentation acid results and mine. 

It was felt that the differing methods used by each of us can explain, for the most 

part, the discrepancies between our data. In my analysis, pre-reduced media, incubated 

for 72 hrs. at 30 C was used for the biochemical results. For the fermentation acid 

analysis, the organism was grown in PYG for 48 hrs. at 30 C and a gas chromatograph 

using a thermal conductivity (TC) detector was used. Dr. Segner used aerobic media 

topped with Vaspar incubated at 30 C for one month for his biochemical analysis. For 

his fermentation acid analysis, his organism was grown in PY G for 7 days at 3 0 C and 

determined on a gas chromatograph using a flame ionization detector (FID) (Segner, 

personal communication, 199 l ). 

It is extremely important to follow standard procedures when identifying 

microorganisms. Such things as size of inoculum, incubation temperature and period, 

composition of the medium, etc. need to be followed closely so that identifications may 

be compared (Bergey's, 1986). In the case of my identification, the standard procedures 

outlined in the Anaerobe Laboratory Manual ( 1977) were followed closely. The only 

exception being the incubation temperature and that was because this organism has its 

optimum growth temperature at 30 C rather than 37 C. The data was ·then compared to 
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Table 5.4.3.2.l Comparison of biochemical results obtained for WS-393-9 (organism #2) 
by Dr. Wayne Segner and Janet Webster. 

Cbaracarisac Wayne Seiner JmetWebs1er 

Cellobiose - ND 

Esculin + -/no hyd. 

Fructose + w 

Galactose - ND 

Glucose + -
lndole - -
Inulin + ND 

Lactose ND -
Maltose ND -
Mannitol - -
Man nose + w 

PY ND -
Ribose + -
Salicin - ND 

Starch + -/no hyd 

Sucrose ND -
Xylose + -
Gelatin - -
Cooked Meat - -
Lecithinase - -
Lipase - -
Catalase ND -
Motility + + 

H::S + ND 

Nitrate - ND 

ND = test not done 
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Table 5.4.3.2.2 Comparison of fermentation acid results obtained for WS-393·9 
(organism #2) by Dr. Wayne Segner and Janet Webster. 

Fennentation Arid Wayne Segner Janet Webster 

Acetic 939 255 

Formic ND 52 

Isobutyric 23 16 

Butyric 364 69 

lsovaleric 128 59 

Pyruvic 23 ND 

Ox al acetic 14 ND 

Oxalic 81 ND 

Lactic 68 ND 

Phenyl acetic ND 4 
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the identifications done by the VPI Anaerobe Laboratory under the same testing 

conditions. With Dr. Segner's analysis, the test medium and especially the period of 

incubation were very different from the standard procedures. I feel that it is for this 

reason our biochemical data were so different. 

The fermentation acid data for my identification was slightly different from Dr. 

Segner•s identification also. Dr. Segner detects several more acids than I do. This is 

probably due to two reasons: the longer incubation period and the use of an FID vs. TC 

detector. FID is much more sensitive than TC detectors (Segner, personal communication, 

1991 ). The other difference in our fermentation acid results is that I fiound formic acid 

whereas Dr. Segner did not. In a letter to me, Dr. Segner said that the detector they used 

to analyze for the fermentation acids was unable to detect formic acid in a standard 

containing 460 ppm formic acid. Since the amount of formic acid was probably lower 

than this level, it was likely that he was not able to detect this compound (Segner, 

personal communication 1991 ). 

Since this researcher's analysis more closely followed the standard procedures of the 

identifications I was comparing it to, that my data was a more reliable estimate of this 

organism's true characteristics. 

The fermentation acids for organism 3 was not run, and without this information it 

is impossible to identify this organism positively. Organism 9 appears to be a 

Peptostreptococcus species. 

5.4.3.3 FattY A£id Analysis 

Organisms I, 2, 4, 9 and 10 were analyzed for their fatty acid profile and compared 

to a computer library of fatty acid profiles, to try to determine the identifications of the 

organisms. The system was unable to match the organisms and identify them in this 

manner. This gives further credence to the theory that organisms 1, 2, 4, and I 0 were a 

previously unidentified Clostridium sp. Organism 9 did not have an exact match with its 

fatty acid profile> however it matched Peptostreptococcus prevotii by 64%. 
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5.4.3.4 Psychrotrophic Ability of Clostridium SJl. 

Organisms I> 2, and 4 were tested for growth at 4 C in PYG broth. All of them 

would grow well within a few weeks at this temperature, although at differing rates. The 

cans that these organisms were isolated from were stored at 0 C. This indicates that in 

crabmeat these genotypes could grow at this temperature. 

It is not surprising to find organisms with psychrotrophic ability in crabmeat. Ray 

et al. (1976) concluded that commercial crabmeat has a shorter shelf life than crabmeat 

produced in a pilot plant because there are higher initial counts in the commercial meat 

and because of the presence of indigenous marine bacteria able to grow and multiply at 

the temperature in which crabmeat is stored. Shewan and Murray (1979) found that the 

microflora of fish and crustacea are predominated by psychrotrophic and psychrophilic 

microorganisms. 

5.5.0 Transmission Electron Microscopy 

Examination of thin sections showed no major differences between organisms I, 2, 

4, and York 2. All organisms were shown to have peritrichous flagella. 

5.6.0 Environmental Survey 

The majority of samples that grew at 7 C were not identified because they were gram 

positive cocci. Only two samples contained gram positive rod-shaped bacteria They 

were samples 52 and 57. 

Sample 52 was a sample of soil taken from an oyster harvested from Fishing Bay. 

Both living microorganisms and spores were found in this sample. Both the living cells 

and the spores were identified as Clostridium bifermentans. The literature shows that C. 

bifennentans has been isolated from soil, fresh water, marine sediments, human feces and 

from clam guts (Bergey's, 1986). It was therefore not surprising to find this organism. 

Sample 57 was a sample of marsh soil taken from behind the crab plant. Only spores 

were found in this sample and both CJostridium bifennentans and Clostridium butyricum 
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were identified. The habitats in which C. bifennentans has been found are mentioned 

above. C. bu'tyricum has been isolated from soil, fresh water, marine sediments and 

animal and human feces (Bergey's, 1986). 

C. bifennentans and C. hutyricum are not toxic to mice and are not thought to be 

spoilage organisms. It is interesting to note, however, that C. hutyricum is implicated in 

two cases of Type E infant botulism (McCroskey et al., 1986). 

The Clostridium species that caused spoilage to crab meat was not isolated in either 

the machine picking line or in soil or water samples during this environmental study. 

This does not necessarily mean, however, that this organism was not present in these 

areas--it means only that it was not isolated. This environmental survey was taken two 

years after the first cases of spoilage from the Clostridium sp. appeared. This may be a 

major reason as to why the organism was not found. However, Dr. Wayne Segner 

performed an environmental survey soon after the problem first appeared and he was 

unable to find the organism also (Segner, personal communication, 1991 ). 

It was my opinion that this organism's habitat was marine sediments because it first 

appeared shortly after hurricane Hugo. It was felt that the hurricane may have stirred up 

marine sediments containing this Clostridium species and somehow these sediments were 

brought into the plant where they then contaminated the crabmeat, probably by 

establishing themselves in the machine picking line. This organism was isolated from 

cans of crabmeat pasteurized in 1990 and spoiled in 1991. The F 16/185 value for these 

cans was reportedly l 00 minutes (Tolley, personal communication, 1991 ). 

5.7.0 Spore Production and Outgrowth 

A variety of methods were tried for spore production. None of them worked well, 

and most gave inconsistent results. Spore concentrations ranged from 0 to 105 spores/ml. 

Probably the most consistent method was the TBYS mediumt which gave approximately 

I 04 spores/ml., with and without charcoal added. The low spore concentrations made it 
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difficult to run thermal death time experiments, since after dilution in the heating medium, 

only two, or possibly three, log cycles could be traversed. 

Outgrowth of, or damage to, spores while being stored at both refrigeration and 

freezing temperatures, was a definite hinderence in determining thermal death times. 

Spores would be stored at least until after the original concentration could be determined 

so that heating times could be calculated. During this storage period, spore concentrations 

would often fall dramatically, making the results of IDT experiments inconclusive. 

Spores produced by the TBYS method were the least prone to outgrowth, or damage, 

during storage. 

5.8.0 Thermal Death Times 

The Bacillus sp. had an approximate D .. value of 26.5 minutes at 85 C in Bill broth. 

If this organism has the same D-value in crabmeat, fewer than 10 spores would be needed 

in a one pound can to have at least one spore survive the minimum NBCIA pasteurimtion 

recommendation (Fl6/185 of 32 minutes). This species sporulated readily and it was 

likely that this amount of spores would be present in the crabmeat. Therefore, it was not 

unlikely to find spores of this Bacillus sp. in pasteurized crabmeat. Fortunately, spores 

from this organism would not outgrow at the temperature at which crabmeat is stored. 

The C/ostridium sp. had an approximate D-value of 6.5 minutes at 85 C in BHI broth. 

If this was the same for crabmeat, approximately 100,000 spores would be needed in a 

one pound can to have at least one spore survive the minimum NBCIA pasteurization 

recommendation. Segner (1992) reports the D-value for spores from this organism in 

buffer to be almost twice that of broth (35 minutes in crabmeat versus 15.6 minutes in 

buffer). Segner (1992) reported a higher D·value in buffer than we do in broth. This 

may be due to the method of spore preparation and the differences in heating media. 

Since this organism can outgrow at the temperature in which crabmeat is stored, only one 

spore per can would be needed to survive the pasteurization process to cause spoilage. 
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It is unknown at what levels this Clostridium sp. is normally found in crabmeat and 

how, and if, it establishes itself in machine picking equipment. However, since Processor 

B had spoilage by this organism in meat that was pasteurized to at least an Fl6/185 of 

3 2 minutes in 1989 and to an F 16/185 of 80 to 100 minutes in 1990, this C/ostridium sp. 

must be able to sporulate to sufficient levels, either in the marine environment or in the 

processing plant. A contributing factor may also be that spores produced naturally seem 

to have a greater heat resistance than spores produced in the laboratory. Spores were able 

to survive heating at 80 C for 10 minutes from cans #2 and #4 (Processor B) during 

isolation, but spores produced in the laboratory from organisms grown from the original 

spores were unable to survive the same heat treatment 
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6.00 SUMMARY 

6.0.1 Spoilage by Clostridium species 

Spoilage in cans of pasteurized crabmeat, spoiled in 1989 and 1990, from Processor B 

were characterized as being predominantly anaerobic in nature and as having a putrid or 

rotton odor to them. It was concluded that spoilage in these cans was caused by 

contamination with a previously unrecognized species of Clostridium. In a commercial 

setting, spores from this organism were easily able to survive an F\~5 of 32 minutes, the 

NBCIA minimum pasteurization recommendation. The inoculum level most likely 

increased over time, in the 1989 spoilage episode, as there was only 2-3% spoilage in lots 

processed in late September, 1989, and 80-100% spoilage in lots processed in late 

November, 1989. This organism was also found in cans of crabmeat, pasteurized in 

September, 1990, and spoiled in March, 1991, which had been processed to an F\is of 80 

to l 00 minutes. Only a few cans pasteurized at these F values spoiled, and they took 

many months to spoil, indicating that very few organisms survived this heat treatment. 

Laboratory findings showed that this organism has an approximate D-value in BID broth 

at 85 C of 6.5 minutes. 

Cans from this processor did not show any can seam defects and it was felt that 

spores from this Clostridium sp. were able to survive pasteurization and outgrow at 0 C, 

the temperature at which crabmeat is stored commercially. Studies in the laboratory 

showed that the organism grew well at temperatures as low as 4 C (the lowest 

temperature tested). Since this organism can outgrow at refrigeration temperatures,· 

processors must rely upon pasteurization only to control this organism. Crab processors 

must strike a delicate balance between giving enough heat to destroy all spores, but not 

too much to cause blueing or cooked off .. flavors. 

Processor B reported only seeing spoilage in cans processed after hurricane Hugo 

swept through the area. They also only had spoilage in meat which came off their 

machine picking line. It is unknown what role the hurricane played in this spoilage 
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episode, however, it was theorized that marine sediments are the natural habitat of the 

C/ostridium sp. These sediments were possibly stirred up during the storm, allowing the 

Clostridium sp. to get into the processing environment, either on the crabs themselves, or 

by some other means. Once in the plant, this organism may have established itself in the 

machine picking line, which would explain why only machine picked meat showed 

contamination. A second explanation was that the contamination may have been 

widespread, however, only the conditions in machine picked meat were able to support 

growth of this organism. Machine picked meat is canned at a higher temperature than 

hand picked meat, thus creating a higher vacuum and a greater anaerobic environment. 

The one can tested from Processor D showed a predominantly anaerobic spoilage, but 

it had a fruity odor to it. The Clostridium sp. found in the crabmeat from Processor B 

was also found in this can and it is concluded that the spoilage at Processor n•s plant in 

1989 was probably due to this Clostridium sp. 

Of the three cans obtained from Processor E, only one, a can of clawmeat, had 

growth. The Clostridium sp. found in the cans from Processor B was also found in this 

can from Processor E. This can of crabmeat was approximately 20 years old and was 

believed to have spoiled in 1972. Hurricane Agnes struck Virginia and Maryland in 

August, 1972, and there may be a connection between the storm and this spoilage. 

Processor E also had a Harris Claw Machine, so it is possible that this meat was machine 

picked. 

6.0.2 Spoilage by Bacillus species 

A Bacillus sp., possibly Bacillus pasteun:mii, survived pasteurization in one can of 

crabmeat from Processor B. This organism sporulated very easily and had a D-value of 

26.5 minutes at 85 C in BID broth. Even though these spores could easily survive the 

minimum NBCIA pasteurization recommendation, it was not felt that this Bacillus sp. 

caused any spoilage or was of concern to the crab industry because it cannot grow at 

refrigeration temperatures. 
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6.0.3 Spoilage Due to Post-Processing Contamination 

Evaluation of can seams from cans from Processor A indicate that there were defects. 

It is concluded that spoilage from this processor was due to post-processing 

contamination. Spoilage from this processor was predominantly by aerobic organisms and 

had a fishy odor. Spoilage in cans from Processor A first appeared shortly before 

hurricane Hugo and even though it occurred mostly in machine picked meat, there was 

also spoilage in their hand picked meat. 

The one can tested from Processor C had predominantly aerobic organisms causing 

spoilage and was characterized as having a fishy odor. Can seam analysis was not 

performed on this can, but it can be assumed that spoilage was due to post-processing 

contamination since no heat resistant organisms were found in this can. 

6.0.4 Conclusions 

Crab processors must be aware that spores, from organisms that are able to outgrow 

at refrigeration temperatures, are able to survive pasteurization. The Clostridium sp. 

isolated in this study is one example. Processors will need to make sure their product is 

recieving sufficient heat to kill all spores of these organisms, while still maintaining a 

product with good sensory characteristics. It appears, from this study, that crab processors 

may want to increase the F-value that a lot of crabmeat recieves after major storms, since 

the Clostridium sp. seemed to show up after hurricanes. Fini ally, crab processors need 

to be stringent in their sanitation and cleanliness so as to minimize the numbers of these 

types of organisms in their product 
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8 .. 0.0 APPENDIX A 

Polyaciylamide Gel Fledrophoresis (PAGE) of Soluble Cellular Proteins 

References: 

Moore, W. E. C., D. D. Hash, L. V. Holdeman, and E. P. Cato. 1980. 

Polyacrylamide slab gel electrophoresis of soluble proteins for studies of bacterial 

floras. Appl. Environ. Microbiol. 39:900-907. 

Cato, E. P., D. E. Hash, L. V. Holdeman, and W. E. C. Moore. 1982. 

Electrophoretic study of Clostridium species. J. Clin. Microbiol. 155:688-702. 

L Pouring fhe Gels 

A. Materials for preparing plates 

1. Pouring apparatus supplied with the Mighty Small II Slab Gel Electrophoresis 

Unit, SE 250. 

B. Procedure 

1. Prepare "gel sandwich". 

a; Clean plates with comet and rinse well. 

b. Place notched plate on template. 

c. Wipe inside of plates with acetone-alcohol on a Kimwipe. 

d. Spread a thin film of Crisco (detergent soluble) on three spacers, dipping 

one end of two spacers into the Crisco. 

e. Place spacer strips along the two sides and bottom of the notched plate. 

f. Adjust the side spacers so as to make a seal with the bottom spacer. 

g. Place "gel sandwich .. into a pouring stand. 
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IL Resolving Gel 

A. Materials for preparing resolving gel 

I. Acrylamide/Bis 29: I solution 

2. TRIZMA 8.8 (23.85 g. Tris (hydroxymethyl) aminomethane preset pH 

crystals pH 8.8 at 25 Ct 500 ml. distilled water) 

3. 53 l TEMED 

4. Freshly prepared 10% (w/v) ammonium persulfate (0.10 g/ml distilled water) 

B. Procedure for preparing resolving gel 

I. Pipette 13.0 ml acrylamide/bis into 250 ml. beaker. Use protective gloves 

when handling acrylamide. 

2. Add 54 ml. Tris-Cl pH 8.8 buffer. 

3. Mix and filter through ashless, fast filter paper. Add 53 I. TEMED. 

4. Draw 0.3 ml. 10% ammonium persulfate into a lee tuberculin syringe. 

5. Draw 30 ml. acrylamide solution into a 50 cc disposable syringe with the tip 

removed. 

6. Place finger (gloved) over the end of the syringe and pull; draw plunger to 

50 cc mark to reduce pressure within syringe. Tap on the bench top to 

remove bubbles. Release pressure. Repeat 2 times (total of 3 times). 

7. Add the 0.3 ml. persulfate (4 above) through the end of the 50 cc syringe, 

reduce pressure, and shake to mix. 

8. Place 18 ga tip on syringe and pour gels to a mark which is 21 mm down 

from bottom of the notched area (see Fig. 2). 

9. After five minutes, or until a refractile line 1-2 mm below gel solution surface 

is seen, gently overlay with distilled water to form a smooth interface. 

10. Let gels "cure .. at least one hour before use. 

(To store gels, place in zip-lock bag (3 gels/bag). Layer gels (top and 

bottom) with Tris-Cl pH 8.8 and store in refrigerator until ready for use. 

Gels are stable up to I month if kept moist). 
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m Stacking Gels 

A. Materials for preparing stacking gels 

1. 6.0 mls. acrylamide/bis. 

2. TEMED 

3. 10% freshly prepared ammonium persulfate. 

4. O.IS M Tris-Cl pH 7.0 buffer (5.82 g. Tris preset crystals, pH 7.0 at 25 C 

in 250 ml distilled water). 

5. 0.25% bromphenol blue in Tris-Cl pH 7.0. 

B. Procedure 

1. Pipette 6 mt acrylamide/bis into 250 ml beaker. 

2. Add 54.0 ml. Tris-Cl pH 7.0. Mix well. 

3. Filter I ml. 0.25% bromphenol solution, then filter the acrylamide solution 

through same filter paper into flask. 

4. Mix. 

5. To pour stacking gels, rinse top of resolving gel with water and allow to dry 

(blot with bibulous paper if necessary; be careful not to disturb the gel 

surface). 

6. Draw 3 ml. blue acrylamide solution into 30 or 50 cc plastic syringe, 

7. Add 2.5 I TEMED for each gel using a "Pipetman" digital microliter 

pipette. 

8. Draw 0.025 ml persulfate into Hamilton syringe. 

9. Degas as previously described. 

l 0. Add persulfate through the end of 50 cc syringe. Mix. Degas. 

11. Pour the stacking gel. 1 O to 11 ml should pour 4 gels. Insert comb. 

12. Allow to stand at least 20 minutes before use. (Do not store for more than 

2 days because the pH 7.0 and pH 8.8 buffers reach equilibrium and the 

"stacking" effect is reduced. You can remove the stacking gel with a spatula 

and water (be patient) if you want to keep resolving gel longer). 
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13. Remove the comb gently. Even so, the wells probably will be somewhat 

distorted. Remove combs under running water avoiding air bubbles in the 

interface. If air bubbles do form in the interface, remove them with a 3 cc 

syringe (21 ga needle). 

IV. Electrophoresis 

A. Materials for running gels 

1. 0.025 M Tris- 0.2 M glycine electrode buffer ( 5.4 g. Tris, 27.0 g. glycine, 

1800 ml water). Dilute: 70% stock/300/o tap water. 

2. 50 cc syringe with curved 18 ga needle. 

3. 3 cc syringe with 21 ga straight needle. 

4. 30·40 I syringe (we use 10-50 1 adjustable Finnpipet with 21 ga needle.) 

5. Constant power supply ( at least 150 V. capability). 

6. Electrophoresis unit and connections 

7. Record sheet. 

B. Procedure 

1. Clamp the gel matrix to the apparatus using the clamps provided with the 

unit. 

2. Fill the top chamber with electrode buff er and fill the bottom chamber to a 

level of I to 5 mm. above the bottom of the gel. 

3. Remove trapped air from the bottom surface of the gel after the buffer has 

been added (we use a 50 cc syringe with a curved needle). 

4. Straighten the wells with a 3 cc (21 ga needle) syringe. Gently withdraw 

residual acrylamide from each well. Discard. 

5. Connect power cables to apparatus. 

6. Attach a numbered lane indicator to keep track of which well is being loaded. 

7. With a 50 µl. syringe, load each well with 45 µI. of the sample supernatant. 

Be careful not to get cell debris when loading the syringe. We place our 
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reference culture ATCC 19433, typestrain, VPI 8374 (Streptococcus faecalis) 

in lane I. 

8. Switch on power, record time and sample numbers, and remove the lane 

indicator. 

9. "Running" time is about 2 .. 2 112 hours depending on room temperature. Turn 

current off when marker dye is Imm from bottom. 

V. Processing die Gel 

A. Materials 

I. 12% (w/v) trichloroacetic acid (TCA) in water (Can be reused). 

2. 0.08% (w/v) Coomassie Blue (can be reused). (l.5 g. Coomassie Blue 

dissolved in 450 ml ethanol (or methanol), 200 ml. glacial acetic acid, 900 

ml. water). 

3. 10% (w/v) acetic acid. Discard after use. 

4. Glass baking dishes 5 x 9 in. (available at local department store) and tops 

(foil, glass plates, etc.) 

5. Rocker or shaker. 

6. Teflon spatula (cooking style- to hold gel in place while changing solutions). 

B. Fixing and staining 

1. After the gel has finished ( ca. 3 hours or when bromphenol blue dye front 

reaches l mm of the bottom), switch power to OFF and remove gel from 

apparatus. Discard electrode buff er. 

2. Remove side spacers and pry the plates apart along the sides using a butter 

knife or equivalent. 

3. Ease gel into baking dish containing 12% TCA by prying gel from glass plate 

in one comer. (Note: Nick the top left corner of the gel as it is in the 

electrophoresis apparatus to mark the side that is lane 1 ). 

4. Fix in TCA for 30 min. with gentle agitation. 
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5. Stain for 10 to 15 min in 0.08% Coomassie Blue. Decant Coomassie Blue 

(can save). 

6. Decolorize in 10% acetic acid. Change 10% acetic acid decolorizer at least 

once. 

7. Leave in 10% acetic acid at least 2 to 4 hours. (Any step, except staining, 

can be left overnight.) 

8. Transfer to storage containers (zip-lock). 

VL Recording 

A. Materials 

I. 3-1/2 x 5" Polaroid or other suitable camera setup 

2. Viewbox. 

3. Yellow filter for camera. 

B. Procedure 

1. You may dry the gels as methods in the literature describe,, but we pref er 

sealing the "wet gel" in plastic bags with a heat sealer. 

2. Photograph. 

C. Results 

1. Visually compare the pattern of the unknown sample with those of reference 

patterns of known strains. 

2. Some "normalization" to the reference pattern may be necessary since each 

batch of gels is somewhat different. However, some patterns from 2 years 

ago match identically those of the same strain run recently. 
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VIL Sample Prepandioo 

A. Culture 

1. Gram Stain. 

2. From a fresh culture (24-48 hrs.) inoculate either BIIl·C (for gram negatives) 

or BHJ-T .. C (for gram positives). 

(Blil-C = PRAS brain heart infusion broth (BID) plus 0.1 % calcium 

carbonate. 

BHI-T-C = BHI-C plus 0.025% Tween-80.) 

(Note: If organism grows poorly, inoculate 2 to 5 tubes of medium (5 ml. 

each) . Also, it is important to have young cultures). 

B. Harvesting cells 

I. Transfer BHI-C or BHI-T-C to 15 ml. conical Nalgene centrifuge tubes and 

label accordingly. 

2. Centrifuge at 8,000 g for IO minutes in an angle head centrifuge at ambient 

temperature. 

3. Either decant the supernatant or save the supernatant for chromatographic 

analysis (after acidifying). 

4. Wash the cell pellet (using FTA buffer or water) only if serum or another 

protein enrichment was added to culture tube. 

5. The cells are ready for breaking or can be stored at -70 C (we•ve found gram

positives store much better than gram-negatives). 

C. Breaking the cells 

1. Thaw cultures, if frozen. 

2. Add 0.15 g. glass beads (Arthur H. Thomas, Philadelphia, Pa., No. 5663 

R30 beads, 0.18 mm) to each tube. 

3. Add 0.10 ml. 0.15 M Tris-Cl pH 7.0 buffer+ EDTA (1.02 g/l) + 2 112% 

1 M Urea. 

4. Mix in vortex for 5 to 10 seconds or until homogeneous. 

122 



5. Shake tubes at ambient temperature for 2 intervals of 2 minutes each then heat 

in a water bath at 55 C for five minutes. (Heating precipitates cell wall 

structures that cause "smearing" of the pattern.) 

6. Centrifuge as before (8,000 x g for 10 minutes). 

7. Add powdered sucrose equal to one-third volume of supernatant. 

8. Samples are ready for loading on the gel. 
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