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nie growth of L rnmaytbgmes in rnoâified atmosphere packages and ambient air 

packages was studied at refigeration temperature, 3OC, and at the slightiy higher 

temperature of 8 OC, since it is possible that at some point durhg distribution or consumer 

handling temperature abuse wiil occur. Three levels of L monaiyrogenes inocdum were 

used: non-inoculated, 10'/g and 106/g. ModXed atmosphere did not affect the growth of L. 

monayfogene~~ The higher temperature r d t e d  in a higher level of growth of Lisferia in 

the coleslaw but obvious indication of spoiiage (odour, discoloration and/or package 

swelling) was not present before populations of L. monocyfogenes had reached 106 &dg8 

The length of storage has a signincant effect (po0.001) on counts of both total bacteria and 

L monocylogetaes Inoculum levels did not have a signincant effect on total bacterial counts 

overall. In the second phase of this study, the ability of L. monocytogenes to utilize 95 

different carbon sources at 2 different temperatures was examineci by monitoring O.D. 

readings over time ushg a Biologm MicroPlate. L. monocyfogenes metabolised 33 carbon 

sources at 30°C and only 21 at 8°C. 
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Listeria monocytogenes, nrst d e s c r i i  in 1926 (103), has recentiy emerged as a 

bacterium of considerable public h d t h  signifiwce. Prior to the 1980'q Listeriosis, the 

disease caused by L. monmytiogens, was primarily of veterinary con- where it was 

associateci with abortions and encephalitiq most wmrnonly in sheep and cattle (31). 

Interestingly, evidence indicates that veterinary listeriosis was fiquently foodbome. 

Outbreaks were descriied in rabbits, goats and chinchillas. Chinchilla fhrms were affected 

in one outbreak in Nova Scotia which was attriiuted to feeding a new batch of rneal 

containing beet puip (3 1). 

Although L monoc~fogeraes is widely d i s t r i i  in nature (44, 100, 121), the number 

of outbreaks have been low. Case fatalty is high in susceptible individuals; approxhately 

onethird of cases have resulted in deaths or stiiibirths (1). Listeriosis is characterized by 0u- 

like symptoms such as vomiting, nausea, aampq diarrhoea and constipation and, in untreated 

cases, serious complications such as meningitislencephalitis andior septicemia (25, 87). 

Stiiibirths, abortions, and premature birth of an infécted infant cm result fiom oniy a mild 

illness in pregnant women. Therefore those at particular risk to listeriosis bclude pregnant 

wornen and their unbom children but aiso patients undergoing chotherapy, dcoholics, dnig 

abusers, diabetics and AIDS patients (25). 

L m m -  is a srnall, motile (at 20 to 25 OC), Gram positive, catalase positive, 

non-spore forming and noncapsulaihg rod which is aerobic to microaerophilic (100). L. 



monocytogenes, when observed microscopicaly, appears as short diphtheroid-lüce rods 

meamring 1 .û-2.0 pn x 0.5 pm (101). L monocyiogenes occurs widely in the environment. 

Lisferia can be found in many species of fish, fowl and over forty other animals and is 

common in mu4 dust, silage and various waste products (13, 87). Lisferia can grow at a 

variety of temperatures, fiom 1 OC to 4S°C, and thus can Survive and grow in foods kept at 

refiigefation tanperatuies (39). 'ïhree characteristics d o w  L. monucytogenes to survive and 

grow in foods: wide temperature range tolerance, psychrotrophic nature, and resistance to 

hi& Salt concentrations (1,39,101,102). 

L monocytogenes should be considered as an environmental microbe whose primary 

means of transmission to humans is through contamination of food& at any point in the 

food chah f?om its source to the home kitchen (1, 13, 87). Food appears to be the major 

means of zoonotic transmission of listeriosis. The dehition of zoonosis is "an infection or 

an infedious disease transmissible under natural conditions fiom vertebrate anirnals to man" 

(101). Circumstances of the outbreaks and the implicated foods support the concept of 

monotic foodbome transmission oflisteriosis (101), especially by milk and milk products and 

raw vegetables. 

Cabbage and other raw vegetables have been identifieci as potential vectors of 

listeriosis (13,48,61). The consumption of coleslaw prepared fiom wntaminated cabbage 

was linked to a large outbreak of listenosis in Nova Scotia in 198 1. 'ïhirty-four cases of 

prenatal and 7 cases of adult listeriosis were reported (43, 10 1). This listeriosis outbreak 

r d t e d  in 18 fatalties (10 1). 



1.1 Raearch objective 

The primary focus of this thesis was to investigate the SUrYiYal and growth of L. 

nonocytogenes in fiesh packagecl coleslaw. The ability of L. monayfogenes to survive 

longer under adverse environmentai conditions, unlüce most other non-spore fomiing bacteria, 

and particulariy its abiiity to grow at refrigeration temperatUres* may lead to illness and death 

in hunans (13). L rnomxytogems m y  be more heat tolaant (13) and acid tolerant (27) than 

previously speailated, therefore making this organism a threat to the food industry. 

Therefore, Listeria's d v a l  and growth are an important consideration for pre-packed 

coleslaw9 particularly when prepared salads can be subjected to long holding times in 

refngerated display cabinets (48). 

This study characterizes the growth of L monqdogenes Swtt A in coleslaw at 

r&gea=ation temperatures that could result fiom inadequate cooüng during distribution or in 

retail display. 

Phase II of this research examined the effed of refiigeration temperature on the 

growth of a pure main of L. mon~togeenes compared to growth at a more optimum 

temperature. The ternperahire of chilled foods is an important consideration for the shelf Me 

of a product such as coleslaw in a production and distribution chain. 



2.1 Historiai background 

Food has been implicated as the vehicle for transmission of human listeriosis. The 

outbreaks are ofien f8tal(64), therefore emphasizing the n& for characterization of the 

growth and &val of L monocytogenes in food. Its wide distribution in nature and its 

ability to d v e  for long penods under adverse conditions as weii as grow at refXgerator 

temperatures rnakes L monucytogenes a potential threat to ready-to-eat products like 

coleslaw. 

Until 1950 approxhately 70 cases of human listeriosis had been documented (98). 

The fïrst outbreak to be shown wnclusively to be caused by food consumption was in Nova 

Scotia in 1981 (26, 35,39,98). 

2.1.1 Outbreaks of the disease 

The first confirmai human listeriosis case in Canada was recorded ui 195 1 when a 

pregnant wornan who had emigrated £?om Russia was diagnosed with listeriosis (32, 39). A 

later survey based on records maintaineci at the Laboratory Centre for Disease Control, 

ûttawa showed 101 aises detected over a 21-year period from 1951 to Januaxy 1972 in 9 of 

10 provinces (3 1,32). 



A review of the records at Vancouver General Hospital over a 15-year penod, fiorn 

1965 to 1979, showed 22 cases ofconfirmed listexiosis. The overall mortality was 30% and 

the most fiequent serotypes involved were 4b followed by 1 and 1 b (3 1,32). 

No major outbreaks have been documented in Canada with the exception of one 

occumng in 1981 in Nova Scotia The Nova Scotian epidemic was between March and 

September 1981. There were 41 cases, 34 perinaSa (either i n f i e d  fetus or infkcted newborn 

babies) and 7 adult. Of those infecte& 15 neonates and 2 adults died. L. monayiogenes 

serotype 4b was isolated fiom coleslaw fiom a patient's refkigerator. The sarne serotype was 

found in unopened packages fiom th man-g plant, and fiom cabbage grown on land 

fertilized by sheep maure. Three sheep fiom the farmer's fiock died from listeriosis (98). 

The cabbage was hamesteci in ûctober of 1980 and stored during the winter and early spring 

in cold storage, ideal conditions for multiplication o f a  srnall inoculum of L monaytogenes 

(3 1)- 

There have been two documented outbreaks in the United States (98), two in the 

United Kingdom (98) and one each in Switzerland (68), Australia and France. In 1983, in 

Massachusetts, an outbreak affeded 49 people (42 adults and 7 innuits) and 14 patients died 

(37). The case was a d a t e d  with 2% or whole milk from a single plant. Ali mük had been 

pasteurized in excess of the legal requirements. One f m  supplying rnilk to the plant was 

show to harbour L. momcytogenes of the sarne serotype but of different phage type fkom 

the epidemic main (98). 



Fieming et d. (46) postulatai that L momcytogenes present in large numbers in the 

raw milk had d v e d  pasteurkation and multiplieci at subsequent refiïgeration storage 

temperatures of the pastairized produd. The organism may be able to s-e pasteurization 

because it is ingested by leucocytes and then located inside the somatic cell which provides 

some form of protection (39). 

Much scientific research has been devoted to the thermal d v a l  of L. 

monocytogenes. Inspection of milk f?om a processing plant in Spain revealed that L. 

monocytogems was present in 21% of pasteurized (7g°C, 15 sec.) milk samples (53). 

Research by Knabel et ai.(76) supporteci the possible survival of low levels of L 

momcytogeraes during high temperahue7 short tirne pasteurization by recovering injured ceUs 

on selective media under anaerobic conditions. Farber's (78) work at the Food and Dmg 

Administration reported no suMval and the FDA research also could not recover L 

momcytogelbes in 23 mük pasteurization trials (78). Full-sale pasteurization studies by the 

FDA could not detect Listeria in pastwized milk using four different assay methods (84). 

M e r  the Massachusetts epidernic in 1983, there was an outbreak of listeriosis in 

California in 1985 with 142 cases in which 29 people died (37, 105). The &ely source was 

Mexican-style fkesh cheese, where serotype 4b was isolated as well as from the processing 

plant. Again, the isolation of L. m o n ~ t o g e n s  suggested ineffective pasteurization or 

contamination of raw rdk (98). 

Two outbreaks have occurred in the United Kingdom, one in 1986 with importeci soft 

cheese and the 0 t h  in 1988 with goat's milk cheese. The isolated level of L monaytogenes 



in the cheese was 10g/g (98). 

In 1987, there were 3 1 cases of hurnan fisteriosis in  vache^ cheese in Switzerland 

(68); in 1991, one case in smoked mussels in Tasnania; and in 1992, 279 cases in jellied 

pork tongue in France (67). 

2.1.2 Transmission of L. monocytugenes 

The ment listeriosis outbreaks have resulted in recognition of L. monocytogenes as 

a foodbome pathogen (13, 95, 101). A variety of animals can serve as hosts for L. 

monocytogenes. The organisrn can be isolated nom such animais as sheep, poultry, cattle, 

horses, pigs, moose, dogs, cats, as weIl as humans without symptoms (13, 101). The cycle 

of i n f i o n  for L motzucytogelses as proposed by RE. Bracket (1988) is illustrated in figure 

1 (13). 

Sweys have been done to determine the exteat to *ch L monocytogenes is present 

in various kinds of foods. In 1968, Welshimer (1 17) sampled old vegetation fiom 12 f m s  

in Viginia for the occurrence of L. monucytogenes and isolated 8 strains, of which only 2 

strain types were pathogenic. In 1989, Lacey and Kerr (79) found that 25% of the 64 

cooi/cM products tested were contarninated with L. monocyiogenes 

Tiwari and Aldenrath (1 11) sampled 598 food products and environmental swabs, 

fi-om the province of Alberta, for L monocytogenes to assess the extent of contamination in 

food products. F i e  of 15 raw rnilk sarnples fkom dauy plant holding tanks were positive for 



Figure 1. Hypothesized Cycle of I i i f ' o n  for Listeria monocyfogenes proposed by 
Brackett (1988). 



m e i a  and 4 of these were L monocyfogeenes Testhg of raw meat reveaied that 44.4% 

were positive for L. momqtogeenes Also, 2 out of wery 7 poultry samples were positive 

(111). Fadxxetd(1) anaysed 110 samples ofvegetables and 14 samples of raw miUg at the 

retail levei in Ottawa, and all were fke from L moluicyfogenes. 

In contrast their survey also fond 56.3% of the chicken legs and 86.4% of ground 

meats sampled containeci the organism. Five hundred and thirty ice-cream samples were 

obtained fiom man-ers across Canada end anaiysed and oniy 2 were positive for L. 

moI#)CYfsgenes. In a survey of r e s i d d  refiigerators for the presence of L monocyfogenes 

in Texas, researchers swabbed 195 refrigerator surfaces and L. monocytogenes was not 

recovered (66). 

The Danish Da@ Board emp- the need to take precautioas to protect products 

'on in a booklet in Odober, 1987, How to avoid m && 
. . -  Eom contammû 2). In the 

Nethalandg 17 food fàctories were asPessed for the occurrence of Lisferia species. Listeria 

was found in drains, fioors, and food contact surfiices (28). In a s w e y  of 35 Dutch 

houçehold kitchens, 20% were found to be positive for Listeria (28). A more recent study 

in 1992 by Varabioff (1 14) of 342 samples of retd products fiom deticatessen and butcher 

shops in Australia, found that L monaytogenes was recovered âom 45 (13.2%) of the 

samples. 

Data on the incidence of listeriosis in Australia has been reported oniy since 1991. 

The number of cases since then have k e n  recorded at a rate of about 40 per year (38). In 

a total of 606 food samples in Shgapore investigated for iistena contamination, 2.3% tested 



positive for L. monoc~fogenes(89). 

These suveys again indicate that L monocyttogees is ubiquitous and present in the 

food plant environment as wd as our food supply (41). Such isolation of L monocytogenes 

to determine the extent to which this organism is present in various kinds of foods has led to 

the development of various isolation and genetic techniques. 

2.2 Isolation and genetic techniques 

The ment food outbreaks discussed earlier have emphasized the need for a highly 

selective medium to detect AL mopmyqpes .  Techniques to isolate L. monocytogenes f?om 

foods by direct p l h g  have been unifonniy unsuccesdiil, and therefore successful isolations 

uses an enrichrnent in 1 or 2 stages before isolation on a solid media (82). Procedures used 

to iden- Lisferia monocytogenes include: cold enrichment (54, 5 9 ,  direct plating (5 l), a 

selective enrichment procedure (125), FDA procedure and USDA procedure (55, 125). HPB 

procedure (39). DNA hybridization (91,108) and ELISA (108,112) and fluorescent antibody 

techniques employing flow cytometry (125). A lot of work has been done comparing the 

performance of these officially recognized broths, agar and methodology. 

The procedure for isolating L monayfogenes used by the FDA was developed by 

Lovett, Francis and Hunt (54). Twenty-five gram samples are added to 225 mL of Listeria 

enrichment broth (LEB), then homogeriized in a stornacher and incubatecl at 30°C. M e r  48 

h of incubation, the culture is surface plated directly ont0 modifieci McBride agar (MMA). 



This procedure was modifiai ody slightiy by Health Protection Branch of Canada by plating 

the culture on LiCI-phenyIethanol-moxalactam &PM) and also Modified OxFord Medium, 

followed by confinnation techniques. (39) 

The USDA procedure uses LiC1-phenylethanol-moxaiactam P M )  agar or modifieci 

Oxford (MOX) agar (55). In cornparhg the cold enrichment method (CE) to the USDA 

method, the USDA method was signincantly better (Ps0.001) than the CE method which 

took 8-9 weeks for confirmation (55). 

In a cornparison of MOX medium to an enhanced haemolysis agar (Eh), the data 

showed E H .  had advantages for both the isolation and the discrimination between 

haemolytic and non-haemolytic species of this genus. It therefore wnstitutes a good pre- 

confirmation test (29). In a shidy on artificialiy inoculated food products, LPM agar was 

more sensitive than MMA agar for isolation in terms of recovery of the inoculum (60). 

The suitability of 10 direct plating media for isolathg and enumerating 4 strains of 

unijured and injured Lisferia monocyiogenes fiom mat,  specifically harn and oysters, was 

evaluated. The LPM agar was selected as the most suitable medium, while Dorninguez 

Rodriguez Isolation Agar @RIA) was more suitable overail for isolation of Listeria nom 

oysters (22, 52). More recent detection techniques, such as the ELISA of the Organon 

Telmika Corporation, were cornpareci to the commercially available GENE-TRA. DNA 

probe method and both were contrastai with the FDA procedure. The ELISA detected 68% 

of the positive samples and the DNA probe only 45%¶ but the FDA method detected 75% of 

the positive inoculated food samples (56). 



Further research by Vanderlinde showed the ELISA kit by T ' C M @  detected 72 out 

of 74 positive samples that were detected initially by enrichent and selective plating. The 

ELISA kit gave only 2 fàlse negatives and 2 Mse positives in the study (1 12). 

Enyme immunoassays and hybridization assays using DNA probes discussed above 

are not species Specinc for Lisferia monayfogenes, but are Lisferia genus s p d c .  Species 

specific DNA probes are being tested in food but are presently not readily commercidy 

available (85). APIaListeria and Micro@ID are one-step identification tests which 

differentiate Listeria monocytogenes fkom other Listeria species. Blood Agar is used to 

distinguish L. momcytogeens and L. ivanovii fiom other species by D-Hemolysis and these 

strips use sugar fermentations to distinguish between these 2 species. 

Flamm (45) cloned a 5.2 kb m e n t  of the chromosomd DNA of Listena 

molZ0cytogerze.s serotype 1/2a, thought to contain the gene coding for beta-haemolysin, into 

pBR325, which was then subcloned into pUC8; this construction was designated pRF106. 

The hgment was used to d&ect h r i u  monocytogenes in a Southem Hot. However, Kim 

(7 1) found that the pRF 106 fiagrnent cross-hybridized to an isolate of L. seeligeri. Kim et 

al. subcloned pRF106 fragment into a Ml3 bacteriophage vector and sequenced it. The 

sequence idormation was used to develop a Lisfena monaytogenes specific nonisotopic 

colony hybridization assay to confirm the presence of L. monocytogenes on LPM agar plates 

(72). The probe did not react with other Listeria species and the probe used in the colony 

blot assay had a sensitivity of 100% and specificity of 97%. 

Peterkjn et al (94) developed a probe @c for meria rnoriocyogeenes £tom a beta 



haemolytic tecombinant clone h m  a L nsonocyfogmies h i .  The probe was labelied with 

horseradish peroxidase and used in a direct colony hybridizaîion method on a grid membrane 

fiIter. This nonisotopic probe was wntrasted with other 9-labellecl DNA probes for 

detedion of Listena momcytogenes and the redts indicated no signifiant difference 

betwea the accepted d o n y  hybridization technique using colony blot and the chromogen- 

labelied DNA probe (9 1,94). 

Slade and Thompson st the University of Guelph used 9% denaturing poiyacrylamide 

gels to generafe low moiecuiar weight RNA (5s rRNA and tRNh) profiles of several Gram 

positive qxxies. The profles of the 5 Lis&& spp. t d  were identical and Merent from 

other Gram positive species tested (109). Therefore, their method is a simple and 

reproduaile method for detection of species. 

An attractive alternative tool for the detection of Listeria momcytogenes is PC& 

since it is highly sensitive and wouid eijminate the need for enrichment culturing. Several 

researchers took thk route. F m  et aL (47) used PCR to amplify 2 specific DNA fkgments 

of the a and Phaemolysin genes. PCR analysis was used to ident* suspected isolates fkom 

food, identifid by conventional isolation methods as Lisferia monaytogenes. Subsequent 

serotyping showed perféct agreement with the PCR r d t s  (46). 

Wernars et al. (120) used parts of the L. momcytogenes Dthl8-gene and different 

sets of oligonucleotide primers with chromosornai DNA as a template for the detection of 

Lisferia m m m q t w  by PCR in soft cheeses. They found amplification strongly inhibitecl 

by the extracts fiom soft cheeses containing the L. monocytogenes D m  but this could be 



reduced by pudication ofthe DNA Stiii theû r d t s  were variable and required high levels 

of d i t s  for detection (120). 

Datta et al (88) cloned the listeriolysin O gene and developed a gene probe labelleci 

with 9, which was s p d c  for Listeria momxytogenes. Later Dener (34) used PCR to 

amplfi the listeriolysin O gene in Lisferia monocytogems as a species-specific detection 

method, 

The methodology for the isolation and detection of L. monocytogenes is constantly 

being researched and assessed with an abundance of new information being published. 

Research for a successfid rapid method with consistent results for the isolation of L. 

momcytogenes ffom food and environment is ongoing as conventional methods are tedious 

and are variable in their results (85). 

Proctor et al. (99) applied pulse-field gel electrophoresis to Link sporadic cases of 

invasive listeriosis with reraled chocolate milk fiom Wisconsin in 1994. L monocytogenes 

isolates fiom 4 hospitalized patients and an environmental daky sarnple resulted in the same 

Asc 1 restriction endonuclease digestion profiie that correlated to that of the chocolate milk 

isolate. The US Department of Agrïdture promoted regulatory and industrial responses 

to the concerns about listeriosis in the USA and there have been no outbreaks of foodbome 

listeriosis reported in the USA during the last nine years (74). 



2.3 L. m o n ~ o g e n e s  in vegetable products 

Many differeat vegetables have been analysed for the presence of L. monmytogenes 

(44, 57, 96, 107, 1 13, 124) with various results. Petran et al, (96) w q e d  the outer 

portions ofnesh beets, broccoli, cabbage, c8t~ots, d o w e r ,  mm, head lettuce, leaflettuce, 

mushrooms and potatoes and detennined that no L. monaytogenes was detectable in any of 

these samples. In contrast Heisick et al. (57) sampled broccoli, cabbage, carrots, 

cauiïflower, aiaimbers, lettuce, mushroorns, potatoes, radishes and tomatoes and Lisferia 

spp was isolated fiom 6 of the 10 types of produce tested. 0 d y  potatoes (25.8% positive) 

and radishes (30.3% positive) showed sigaificant amounts of L. monaytogenes 

contamination. 

A study of the incidence of L. monaytogenes in foods available in Taiwan reportai 

12.2% of dl the vegetables sampled were positive for L. m o n m g e n e s  (124). Recent work 

by Velani and Roberts (1 15) revealed 8 of 42 mixeci salad samples were positive for L. 

monoqtogenes whereas in the samples of individual salad hgredients ody 2 of the 108 

analysed were positive. This unpües that further contamination could occur in the salad 

preparation or the processing plant. 

Bendig and Strangeways (5) report a case of hospital-acquired L. monocytogenes 

which prompted thern to examine samples of hospital food for contamination with Lisferia 

species. Partidar attention was paid to foods, howwer, only the lettuce yielded 

growth of Lisferia. Twelve M e r  samples were examinecl and 2 were positive and al1 



samples were from washed lemice, ready to be consumeci by patients. One yielded L. 

monmytogenes serotype 1/2a. 

Steinbniegge et al (1 10) researched the fate of L. monmytogenes on ready-to-serve 

lettuce and serotype 1 was isolatesi &om some uninodated samples indicating that the 

organism was naturally present on some of the l e ~ i c e  heads purchased nom retail outlets. 

Possble sources of contamination of vegetables include soil, water, animal rnanure, decaying 

vegetation and efnuent nom sewage treatment plantil 0 1). 

Cabbage and cabbage juice were found to support growth of L. monocytogenes at 

5°C (10). Although the o@sm does not grow well it suMved for long penods in cabbage 

juice at 4°C (27). Simwr and Walker (107) reported growth of L rnonmytrognes in various 

saiads left at 4'C for 4 ci, hdicating that the organism can slwive and multiply during storage 

in contaminateci refigerated prepared saiads. 

An anti-Lisferia effect has been reported by Nguyen-the and Lund (90) with raw 

carrot slices stored at 8"C, but the effect was heat-labile and M e r  processing such as 

blending destroyed the antiüsterial activity. Amounts of carrot juice as low as 1% in tryptic 

phosphate broth substantially reduced L. monocytogenes growth after only a 24 hour period 

(8), but the anti-Listeria effect was eliminated when the carrots were woked. The growth 

of L. monocytogenes was also found to be inhibited by certain Chinese medicinal plant 

extmts (24). The plants suppressed growth of L. monmytogenes Swtt A in cabbage juice 

but this inhibition was eüminated with the addition of protein, suggesting protein in various 

food systerns would M e r e  with antimicrobial effects. 



Vegetable crops used in salads and coleslaw are inevitably wntamuiated with mil and 

the presence of L moPiocyfogenes is imavoidable especialiy if anunal manue is appIied (1 13, 

118, 119), as in the outbreak of listeriosis associateci with coleslaw in Nova Scotia. An 

association between the consumption of lemice and other mw vegetables and listeriosis 

among patients in hospital was investigated by Ho et al. (6 l), who liaked sporadic listeriosis 

in the comrnunity with salads. The abiiity of L. motulcyfogenes to grow in cabbage at 

refiigeration temperatures has been weii downented; growth has subsequently been 

demonstrated on asparagus, broccoli and d o w e r  (7). 

2.4 Modgied atmosphere packaging of saiads 

Research in Iow-oxygen-atmosph storage of perishable h i t s  and vegetables dates 

back more than 150 years (65). Modified atmosphere packaghg (MAP) of foods enables 

substantid extension in shelf life of foods. In MAP, a food product is packaged in an 

atmosphere wtllch has been modified so that its composition is something other than normal 

air (58). This contrasts with controUed atmosphere packaging (CAP) in which the food is 

continially exposeci to a d M  mixture of gases in a storage chamber. An example is CAP 

storage of apples in CO, which retards respiration rates in order to delay senescence. MAP 

foods are extended shelflife refngerated products which were developed to rneet a growing 

consumer demand for fiesh, high quaüty convenience foods (40). 

The gases nomally used for MAP include carbon dioxïde (COJ, ovgen (Q) and 



nitrogen (NJ (15. 33.64). The most important gas for inhibiting bacterial growth is CC& 

(62,64). Howwer, modified atrnosphere conditions can inbiiit microorganisms that might 

wam consumers of spoiiage M e  atha dowing or enabhg the growth of a pathogen (62). 

Wre L. monocytogenes, which has the abüity to multiply at renigeration temperatures. 

Growth of L monaytogenes Scott A inodated into shredded cabbage was one 

hundred fold higher in normal air than in modifiecl (70% carbon dioxide and 30% nitrogen) 

atmosphere, at 2S°C. However, d e r  &y six counts decreased to undetectable levels. In 

contrast, there was a less marked initial increase and a more rapid decline in counts in 

cabbage stored in the modified atmosphere, (70). Different mixed salads stored at 4OC for 

4 d supported the growth of L montxytogenes indicating the organism can s u ~ v e  and 

multiply during refigerated storage as prepared salads (107). 

Further studies by Beuchat and Brackett (9) on the s u ~ v a l  and growth of L. 

monocytogeens on lettuce in modied atmosphere suggested that L. monocytogenes was 

inhibited by the cornpetitive activities of nahualy occurring psychrotrophs. Modified 

atmosphere packaging ushg specific pack film gas perrneabilities, package atmospheres and 

package dimensions, has been reported to extend the sheif life of vegetables (14,20). 

1s the risk of iisteriosis Iikely to be increased by the use of extended storage at low 

temperature, compounded by controlled atmosphere packaging, which extends the storage 

by maintainhg an acceptable appearance ? 



PHASE 1 

3.1 Experimental design 

This experiment was designeci to examine the growth of L. momcytogenes Scott A 

in packaged coleslaw. A 3 ~ 2 ~ 2 x 1 0  factorial arpetiment was replicated 3 times to test the 

following experiment treatments in ail combinations for a total of360 experimenM units: 

inoculum level(1 04/g vs 1o6/g vs none) 

packaging type (ambient air vs rnodined atmosphere) 

storage temperature (3 O C  vs 8 OC) 

storage time (1- 10 d) 

A repiicated split-split-plot statistical design was used, where the inoculum level 

(x3) and packaghg mahod type (x2) formed the main blocks. The growth temperatures 

(x2) and storage hme (x10) became the split-split-plot treatment. The design layout is 

shown in Figure 2. Experhental wnstraints of the design were as foliows: each 

replication used different &ah ingredients provided by the same supplier but there was no 

control over the variety of cabbage or how it was grown. 



Figure 2. Experimental Design Structure 



The prepared coleslaw was indatecl in sequence £tom none to 106/g for each 

replication (Figure 2), to eliminate cross contamination of inoculateci treatments. The same 

order was used in d g  the packages, again to prevent cross contamination. The sealed 

packages, for each treatmeat, were then divided into 2 groups and assigned random 

placements within the incubator chambers at the 2 temperatures. 

Tmtment and storage &a were anaiysed using an analysis of variance (ANOVA) 

and a polynomial regression analysis was conducted on each attribute. Initially bacterial 

growth was slow, foilowed by exponential growth. Therefore to prevent the results fiom 

being skewed by the nonsymmetnc distribution, ail data were transfomeci to logarithrns 

(log,,) pnor to statistical d y s i s .  AU data were then analysed statistically ushg Genstat 5 

program procedures (80). 

3.2 Preparation of coleslaw 

The coleslaw was prepared to resemble the commercial product. Twelve packages 

of commercial coleslaw product were purchased and the pieces weighed and rneasured to 

detemillie the average ratio of carrot to cabbage pieces and the average size of the shredded 

pieces. A ratio of 7 g of carrot to 100 g of cabbage and the average size for carrot pieces 

Oength 25 mm x 5 mm width x 2 mm thick) and cabbage pieces (70 mm length x 5 mm width 

x 2 mm thick) was established as typicai for commercial coleslaw. 

Cabbage and carrot were obtained f?om a local food broker and rinsed in wld water 



to remove any soü contambnts. AU equipment, h e s ,  aitting boards and storage containers 

wae s a d d  in chlorinateci water (200 ppm), and rinsed with sterile distilleci water to limit 

contaniioation The cdbbage outer leaves were trimmed and heads quartered, and the carrots 

peeled and shredded using a commercial vegetable processor, mode1 H-600 (Hobart 

Manufkcbring Don Müls, ON), fitted with a slicer attachment with a 3 mm blade clearance 

for cabbage and tkn a #1 grater attachrnent for m o t s .  The processed cabbage and carrot 

were mixed to produce coleslaw with the required 7% wlw carrot to cslbbage ratio. 

3.3 Preparation of inoailum 

The strain of Listeria monayfogens (Scott 4 a human isolate fiom the 1983 

Massachusetts outbreak) was obtaîned fiom the Bureau of Microbial H . d s ,  Health 

Canada, Ottawa. The strain was resuscitated in tryptic phosphate broth (TPB) (Difco 

Laboratories, Detroit, MI) and streaked on tryptic soya agar (TSA)(D%co Laboratories, 

Detroit, MI) for punty confirmation. The pure strain was then dtured by the method of 

Beuchat et aL (10) in TPB at 26OC in a Blue M Shaker Incubator mode1 MW1 130A-1 (Blue 

M, Blue Island, IL) for 12 h. 

The following method was used to construct a standard growth curve for L 

m ~ o g e n e s .  ûne mL of actively growing culture was used to inoculate 250 mL of TPB. 

Samples were asepticaüy removed at 1 h intemals for 9 h. A 4 mC saxnple of inoculum 

suspension was immediately transferred to a glass cuvette with a 1 cm light path and the 



absorbace of the tube read at 660 0 against a blank of sterile media using a Hitachi UV- 

VIS Spectrophotometer model 139 (Perkin-Eher, Tokyo, Japan). The remaining 1 mL 

sarnple was used to prepare a dilution series to inocdate duplicate plates of TSA using a 

Spiral Plater, model CU (Spiral Systems Inc., Cincinnati, OH). 

The above method was repeated twice and the average L monocpogens counts and 

optical density readings were used to wnstruct a standard growth curve (Figure 3) for 

estimation of c d  numbers in the prepmtion of inoculum for wleslaw. 

The in0cuIu.m was prepared for the coleslaw in the following manner. The inodum 

was cuIûued for apprownately 6 h and then optical daisity readings were taken until the ceils 

had reached approximately 10' 6i/rnL according to Figure 3. This culture was used to 

prepare several 3 L suspensions by dilution of the inoculwn with sterile distilleci water to 

yield a population of IO6 &/mL and subsequently a lower population level of lb didmt. 

AU suspensions were confimed by plate counts on TSA A fksh inodum was prepared in 

the same maMer for each replication of the experiment. 



O 2 4 6 8 I O  

L. monocyiogenes count (log,, cfidml) 

Standard growth m e  of L monucytogenes in TPB at 25°C. 



3 -4 Inoculation of coleslaw with L monocyfogenes 

The procedure for inoculation of the coleslaw was a modification of Beuchat and 

Brackett (9). Two kg of mleslaw were placed in an autocbed round stainiess steel colander 

made fkom a 10 Litre stainless steel mixing bowl (dimensions: 27.0 cm wide and 11 .O cm in 

depth) with concamic 5 mm holes punched into the bottom and up 2/3 of the side. Each 3 L 

inoculum suspension was poured into an autoclaved Nalgen- basin (Fisher Scientific, 

Mississauga, ON) and placed in a Bio Gard Hood, mode1 V40-112 @aker Co., Sandford, 

ME). The coleslaw held in the colander was submerged in the inoculurn suspension for 30 

seconds. It was then removed to a stand and allowed to drain until no liquid dripped fiom 

the colander (a. 5 min). The control coleslaw (referred to as none inodated) was 

submerged in steriie distiUed water and then treated in the sarne manner. Each batch was 

thoroughiy &ed in preparation for packaging. 

3 -5 Packaging procedure 

Uninoculateci wntrol (none) and inodated (10' and 16) wleslaw batches were 

packaged in 200 g qUantities in 25 pm low-barrier polyethyIene bags (23 an long x 12.5 cm 

wide) (FameIl Packaging, Halifax, NS), which are the standard in the local industiy. Each 

packaged inoculum treatment of coleslaw was subdivided into 2 lots (refer to package 



atmosphere Figure 2). The fkst lot was heat d e d  directly using a Fresh Vac packaging 

unit, mode1 A-300, (CVP Systems Inc., Downers Grove, IL) under ambient (normal 

atmosphere) air. The second lot of packages was evaaiated and then flushed with a modifieci 

gas mixwe before seaüng. 

The first lots, seaied directiy, containeci "ambient" or normal air, which is 

representaîke of commercial p d c e s .  The nomial composition of air is 4 = 21%, CO2= 

0.03% and N2 = 77% (30), whereas, the rnoaed gas mixture used to gas flush was a 5% 

4 and 5% CO2 and 90% N2 gas blend (Atlantic w g e n  Supply, NS). The Fresh 

Vac packaging unit filIed each package with a modifïed gas mmture by a double cycle of 

d o n ,  followed by gas flushing on a snorkel-type packaging attachment, foliowed by 

a heat seal. This gas modification was recommended for cabbage and lettuce fkom studies 

thaî examined Vanous modified atmosphere packaghg regimes (3,4,15,58). It is important 

to select a proper modifiecl atmosphere gas mixture for respiring tissue, iike coleslaw, so that 

the package does not become anaerobic and develop abnomial odours during storage. To 

preverit anaerobiosis, 4 lwek shouid be mamtauied 
. . 

at >2% by using a package that is highly 

pemeable diowing SuffiCient gas transmission to satie aerobic metaboiic rates within the 

plant tissues. 

3.6 Storage of packages 

The packages of coleslaw for each combination of inoculum level and atmosphere 

26 



type were subdivided equaliy 'oetween 2 temperatures (3 or 8 f l°C). Packages were 

positioned randomly within 2 Isotemp Iacubators, 2200 series, Mode1 230D (Fisher ScientXc, 

Mississauga, ON) set at 3 OC and 8°C respeaively withh a controlled O OC storage room. 

Storage was maintallied for 10 d with 1 package for each treatmait being withhwn daily 

for microbiological and gas composition analysis. 

3 -7 Sensory observations 

One COI& package for eadi eeatment was removed fiom storage each day for the 

10 day storage period. Pnor to analysis the general condition of the package, including 

swehg and discoloration, was recorded in cornparison to a fiesh commercial package. 

The presence of any off-odours were noted upon openhg packages for microbiological 

analysis. These sensory observations were made by only one person and hence were 

subjective and therefore unsuitable for statistical assessment. 

3.8 Atrnosphere Analysis 

Once sensory observations were noted each package was subjected to gas analysis. 

Each package had a 1" plasticki, ripresistant tape patch applied to the outer film. 

Headspace gas samples were taken by piercing the patch with a thin, 22-gauge, sterile 



hypodermic syrhge (Fisher Scientinc, Mississauga, ON) attacheci to a gas-tight sarnpling 

tygon tube- nie tube was mnneded to a semi-automated 2 mL gas sempling port on a Gow 

Mac GC (gas chromatography), series 580 (Gow-Mite Instruments Co.,Brïdgewater, NJ). 

The GC was fitted with a thennal conductivity detector set at 220 mA and used a 2 

m x '/" outer diameter concentnc CTRl cofumn packed with Porapak blend (outer column) 

surrounding a m o l d a r  sieve 5A (80-100 mesh) @mer colwnn) (Ailtech, Deerfield, IL). 

Helium was used as a carrier gas maintainesi at a fiow rate of 15 mL muil. Temperature 

conditions settings were: column at 40°C; injector at 70°C; and detector at SO°C. The 

concentrations of O, CO2 and in gas sample was caldated fiom sample peak areas at 

predetennined retention times using a Spectra-Physics integrator, model SP4290, (Spectra- 

Physiscs, San José, CA). The GC was calirated using a standardid reference gas mixture 

of 5% 0, 5% CO2 and 90% N, (Atlantic Oxygen Supply, Halifax, NS). 

FoiIowing gas sampling, coleslaw was aseptidy withdrawn nom the package, fkom 

5 random areas (m 5 g) , for a total composite sample of 25-30 g. The sample was weighed 

into a stede sample bag hdd in a tareci beaker on a top-loading balance and wmbined with 

0.1% (w/v) sterile peptone @&O Laboratories, Detroit, MI) to a 1 in 10 dilution. Each 

sample was pummelled with a Colworth Stornacher, model 400 (A J Steward, London, UK) 



for 2 minutes. Dilutions, 104 and l(P , were sequentidy prepared in 0.1% peptone and 

plated on Oxoid M o r d  isolation agar (Unipath Inc., Nepean, ON) ushg a Spiral Plater, 

mode4 C'ü (Spiral Systems I n c . , C u  OH). Piates were incubated for 48 hours at 30°C 

and read using a Spiral Mand  Counter, mode1 MV (Spiral Systems, CinQnnati OH). 

Typical L monucytogenes colonies (ciradar, smooth, metaiiic black, and convex in 

appearance) were enumerated. 

Limited identification ofraridomiy dected L rn-s colonies was wnducted 

using the confirmation method descriied by Golden et al. (52). This included examination 

of cellular morphology and tumbling motiüty in wet mounts, catalase production, oxidase 

reaction, and umbrella-shaped growth in rnotility test medium. Fwther confimation was 

done by essessmart of haemoiytic actMty on blood agar base @ifm Labonitones, Detroit, 

MI) containhg 5% home blood (Woodlyn Laboratories, Guelph, ON), and sugar 

fmentation reactions in 5 mL of stede purple broth base @ifw Laboratones, Detroit, MI) 

tubes with fiiter sterilized 0.5% (wlv) rharnnose or xylose (Sigma Chemicai Co., St. Louis, 

MO) carbohydrate added. 

3.9.2 Total aerobic rnicrobial plate wunts 

The dilutions, 10' and 16 , were aiso spiral plated on TSA @ifm Laboratones, 

Detroit, MI). Plates were inaibated aerobically at 3S°C for 48 h and the du/g of coleslaw 

was calculated. 



3.10 Assessrnent of micro flora 

Two colonies were selected fiom each 104 aerobic TSA plate per treatment on day 

1 aiad t r a n s f d  two conseaitive thes to TSA for purification The colonies were selected 

based on dissiniilsr characteristics fkom L moriayiogenes colonies and the quantity present. 

Colony morphoIogy and presaice of cbromogaKsis was recorded. The isolates were M e r  

examineci using Grain stain, cataiase r d 0 4  oxidase (50), and API 20E strips (API 

Laboratory Products Ltd., St. Laurent, PQ) were used for identiiication. 



PHASE II 

3.1 1 Experimentai design 

A % x 2 fàctorial eqxrkat was conducted and repiicated 6 times, using a 96 weii 

Biolofl GP Microplate (Biolog Inc., Hayward, CA) containhg a preselected panel of 95 

different carbon source wells and one control weil, to determine the abiiity of L 

mongVtogenes to u t h  or oxidize these carbon sources at 8 and 30°C. (See Appendix 1 

for description of carbon sources.) Experimental design layout is shown in Figure 4. 

The e t f i  of tanpganire on the growth of L. momcpogeenes in carbon sources was 

analyed using non-hear regression equations in Table C m &  2D, V.3 (Jandel Scientific 

Inc, San José, CA). The procedure UNIVARIATE in SAS (Statisticai Analysis Software, 

Carey, NC) was used to test for nonnality of the &ta. The data were detennined to be non- 

parameûic. Therefore a non-parametric test, the Sign Test, was used to test for differences 

n 

in means between 8 and 30°C dopes (Dr. Farreil; personal communication). 



Starter i n d u m  

Growth medium - TSB 

I n d u m  suspension 

Figure 4. Experimental design layout for Phase II. Represented is 1 of 6 
replications. 



The " p, " is the number of positive sample diftierences, "p '" 0.5 and " n " is the number 

of weh. 

3.12 Preparation and inoculation of microplate 

L. monocytogenes Scott A was cultureci overnight in 200 mL of tryptic soy broth 

PB) in an environmenMy contro1ed shaker at 35°C. A 100 pi, aüquot of the overnight 

culture was used to inoculate 6 x 250 rnL flasks containing 200 mL of TSB medium. AU 

Basks were incubated for 18 hours at 3 5 OC with one flask of inoculum used as an inocdum 

source for each replicate. 

The inoailurn suspension was prepared by diluting approximately 10 rnL of the 18 

h culture of L. monocyiogenes with approxhnately 40 mL of 0.85% w/v NaCl @ifco 

Laboratones, mit, Ml) &rile saline. The inodwn density was adjusted to between 35- 

42% T, the acceptable turbidity range guideline given by Biolo@ for Gram positive 

identification. The suspension was then checked with a Petroff-Hausser Counting Chamber 

(C.AH.& Son, Philadelphia, PA) to ver@ that the density was approximately 10' ceUs/mL. 

Adjustments were made by the addition of more s a h e  or inodum and vortexed to fom a 

homogeneous ce11 suspension. 

Each microplate was appropriately labeled with the replicate number and start tirne. 

Sterile saillie, 0.85% wlv NaCI, pH 6, and the microplates were prewarmed to 30°C. AU 

supplies needed for the inoculation of the plates and disposal were placed in the biosafety 



cabinet and equiliirated to rwm temperature. The Biolog@ turbidirneter was calïrated with 

Biolog@ turbidity standards and a tube of uninoculated 0.85% w/v sahe was used to 

calibrate the 1Wh transmittance- The standardid inoculum suspension was poured into 

a multichannel pipette reservoir (Fisher Scientific, Mississauga, ON). A 12 channel 

micropiper (Costar, Cambridge, MA) was used to pipette the ïnocuium into the Biolo@ 

microplates. To assure tips were dispensing the correct volume, 150 pL double distilled 

deionized water was pipetted into a tard weighboat placed on an analytical balance. 

Aliquots of 150 fi of the suspension were pipetted into each microplate weli, assuring no 

c m  over or cross contamination occurred between additions. The sarne suspension was 

used for both 8°C and 30°C rnicroplates within each replicate as indicated in figure 4. 

Microplates were covered with the provided iids and incubateci at either 8OC or 30°C. AU 

rnicroplates were stored during incubation in dosed containers to prevent evaporation. Two 

sterile paper towels were soaked with sterile distillai water and placed in the bottom of each 

container to minimize dehydration of the outer wells of the microplates. 

3.13 Micro plate data collection 

Each plate was analysed with the Biolo@ Microplate Reader (Biolog Inc., Hayward, 

CA) following addition of the suspension (time zero) and at various time intemals up to 150 

h for plates incubated at 8'C, and up to 90 h for plates inatbated at 30°C. Each plate 

reading was saved in two different formats, 1) raw optical density radings; 2) Biolog's 



convemion of the data to positive ("+"), negative (=-") and variable (''v") weU designations. 

These designations are based upon a percent change which was caldateci fiom the raw 

opticai densities using the Al control weil as the " zero". An optical density reading 2 40% 

change indicated a positive designatioa Wells with readings close to the control(<lO%) 

were designated as eegatn,ee Tbe variable designation represented values that are borderline 

to the 40% threshold. The positive, negative and variable well designations after 24 h 

incubation for aii 30°C microplates were averaged and the "+" and "-" pattem codes were 

converted manially to a simpHed o d  code Mmba, caüed a bio-number. This bio-number 

is a 32 digit number caldateci by entering the "+" and designations into a template 

supplieci by BioIo@. Each well has a designated "score", either 4,2 or 1. Mer enterhg the 

CC 9, + or cc-" into this template scores in the wells containhg a "+" in 3 adjacent welis (i. e. Al 

to A3, A4 to A6, etc) were summed into one nurnber. Negatives within the template were 

scored as zero. This bio-number was then used for cornparison to the Biolog@ library data 

base to ver@ a Listeria spp. identification. 



Phase 1 R d t s  

In this experimerit the effkcts of modifieci atmosphere on L. morwcytogenes ' ability 

to increase in numbers in the substantial microbial background in coleslaws was studied in a 

3 x 2 x 2 x 10 fktorial design (see figure 2). The design consisted of those Mors and levels 

detded in figure 2. The means (iog, ) were caldated for each factor and analyseci by 

ANûVA and re~ression to measure the effects of the experimental treatments as weli as to 

display the pattern of Sunna1 of the organism . Results of these analysis are given in the 

Tables H-TV and Figures 5-8. SEM is the standard error of the rnean values presented in the 

tables and indicates the level of significance of each treatment. The "n" is the number of 

experimentd units and "df" is the degrees of &eedom for the factor being examineci. 

Regressional analysis models rnay be describecl as iinear (L) or quadratic (Q). 

4.1 Zero tirne values 

Inioal L momcytogem and total b a b a 1  counts in the packages immediately after 

preparation of the coleslaw were averaged over the 3 repetitions and are shown in Table 1. 

The initiai gas percentages in modified atmosphere packages are dso recorde- in Table 1. 



Table L L. monocytugeenes numbers, total aerobic microbial counts, and 
atmospheric composition of the modifieci atmosphere packages 
imrnediately &er the preparation of packaged coleslaw (time zero). 

Source of L monucytugenes Total bacteria 4 Co2 
variation (io& a~)  flo&~ (%) ( % )  

1 o4 Listeridg 3.86 *.84 5 -60 a . 4 5  Il I l  

coleslaw 

1o6 Listeridg 5.54 a . 6 9  5.98 =t0-55 II 11 

coleslaw 

* Log of the Mean Standard deviation. 



4.2 Inoculum level 

Table II illustrates that the inoculum level did not have a sigdcant effect on L. 

monmyt0gerae.s or totai bacteriai wunts averaged over d the factors. The higher inoculum 

of 106 therefore did not give L m o ~ o g e n e s  a cornpetitive advantage against the nomal 

flora of coleslaw. The "none" inoculateci coleslaw was not included in the analysis of the 

affects of inoculum level and is reported as " zero" in Table II. 

The percentages of either CO, or 4 were also not significantly different for the 3 

i n d u m  levels. Thus the metabolic activity of both the L. monocytogenes and the normal 

flora did not aiter the gaseous environment beyond that caused by the respiring plant tissue. 

The overail 4 level remained at 2-3% in the packages, indicating that the packages remained 

aerobic throughout the duration of this study. 

4.3 Packageatmosphere 

Table III shows that the elevated CO2 and 4 percentage in the modied atmosphere 

packages compared to ambient air sealed packages did not significantly affect growth of 

either L mot#.ylogenes or total bacteria counts. There were also no signincant differences 

evident between the C G  or 4 percentages sampled from both treatments. 



Table IL The effect of inoculum levels on L. momcytogenes numbers and mean 
bacterial couats and atrnosphenc composition in packaged coleslaw over aii 
the treaûnents. 

- - - - - - pp - - - - - -- 

SEM 0394 0.088 0291 1.650 

Signifiama (P) 0256 0.529 O. 186 0.294 

(n420,dM) (n=120,&4) (n- 120 ,M)  (n=lSO,df4) 



Table IIL Effect of initial modined atmosphere package treatment on L 
monaytogenes numbers, mean total bacterial counts and final atmospheric 
composition in packaged wleslaw over ail the treatments. 

SEM 0.099 0.05 1 0210 1 .O74 

Signifi~8ncc (P) 0332 0.168 0.647 0535 

(n- 120,dW) (nt1 8 0 , H )  (n=180,dM) (n=1ûû,M) 



4.4 S torage temperature 

Storage temperature did significantly affect counts ofL. momcytogenes and total 

bacteria (P<0.001), shown in Table IV. At 8°C the counts of L. monocytogeens and totaI 

plate count were over I log higher than subsequent counts recorded at 3°C. Consequently, 

slight temperature abuse duriog storage can promote increased growth, not only of the 

natural flora, but more irnportantly L monaytogenes. The percentage of oxygen was also 

significantly higher when storage temperature increased. The inaease in oxygen was 1.3 

percentage points higher at 8OC, therefore 4 at 8°C is approximately 69% higher than 3°C 

4 levels. 

Dunng the ten days of storage, sensory observations were recorded for ail 

treatments, as shown in Table V. All packaged coleslaw showed no visible signs of spoilage 

until day 6 of storage. At this time, the gas flushed packages inoculated with either 10' or 

106 &g L. monocytogenes at g0C were the fkt  to show visible signs of deterioration, as 

indicated by swelling of the package. The ambient seaied packages, however, had no 

obvious defects until day 9 at 8OC storage, at which point the packages had swollen and the 

coleslaw had developed an off odour and discoloration Interestùigly, ambient packages 

stored at 3°C did not show any signs of spoilage for the entire storage period, while gas 

flushed packages, whether hoailated with L, monaytogens or not, starteci to detenorate. 



Table IV. The effects of storage temperature on L. monaytogenes, mean total 
bacterial counts, and the atmospheric composition of packageci coleslaw 
over aü the treatments. 

SEM 0.149 0.054 0232 0.724 

Significancc (P) 4 .001  4.001 4.001 0286 

(n-120,df-152) (n=I 80,dE228) (n=1 ûû,dfi228) (n=180,dW28) 



S-ry observations of each package of coleslaw for presence of package 
swehg, odour or colour deterioratioa. 



4.5 Length of storage time 

Mean wunts of both L rnmmy@gms and total bacteriai counts, when averaged 

over ail the tmtwnb, increased significantly (p r 0.00 1) with storage tirne. Both count s 

had hcreased approximaîdy 2 log cycles by day 6 of storage fiom the mean counts on day 

1. After &y 6 the counts peaked and then rernained at approximately the same level for 

the duration of the study. The mean L monaytogenes counts remained approximately 

1 log cycle lower than mean total bacteria counts for each of the 10 days. 

The oqgen concentration Ievel hcreased fkom 1.4% at day 1 to 4.2% at day 5; 

dropped to 2.1% on day 6; then inaeaped again to 4.3% on day 10. The percentage C 4  

fluctuatecl fkom the lowest level of 17.3% to a high of 22.7%. 



Table W. The effect of each day of storage time on L. momcytogenes, total 
bacterial counts and atrnospherk composition of the coleslaw package. 

S o m  of L mmocy&gcnes Total bactcria 0 2  ml Co, (3) 
mVBnation ( l ~ r r  cfu/R) O%,, cfii/g) 

Stmagetimc 1 4.84 5.95 1.41 1731 

@YS) 2 5 3 8  6 2 8  130 20.37 

SEM 0.124 0.089 0.440 1290 



4.6 Interaction between inodum level and temperature 

Figure 5 shows interactions between inoculum Ievel and temperature for all 

measwed responses. There were no signifiant merences between the inoculum 

treatrnenfs on average counts of L monaytogenes at 3OC or at SOC. However, the L. 

monaytogenes average count at 3OC for the 10' i n d u m  was significantly different &om 

the average count at 8OC for the106 inoculum level. The relevance of this observation is 

unknown. 

The mean counts of totai bacteria were not significantly different between 

inoculum levels at 3°C or at SOC. The lowest average total counts were obtained at 3°C 

whai theL mmayfogenes was at the lower inocdm or absent. The mean total count 

of coleslaw without an inoculum (none) stored at 3 OC was si@cantly different fiom 

mean total counts of ail inoculurn levels stored at 8 O C ,  indicating higher average counts 

were obtained at the higher temperature. 



Figure 5. The effects of initial inoculum level and storage temperature on mean 
number of L. monocytogenesfg (Fk0.039, SEM= 0.300, n=60, de228) 
and mean total bacterial counts, cWg (Ps0.004, SEM=O.lOI, n=60, 
de228) in coleslaw. Bars indicate the least si@cant dinerence 
(LSD,,,) values. 



4.7 Interaction of storage temperature with t h e  

Growth trends during storage for L monaytogenes and total bacterial counts are 

shown in figure 6. There was no signifiant Merence between the growth rates for L. 

monqtogenes a -  3 and 8 OC @s0.539), although counts were generally lower at 3OC. 

In the case of mean total bacterial counts the growth trends slowly converge over tirne 

a .  the two temperatures The trend may be due to the possible growth of psychrotrophic 

organisms na tudy  presait on the c01eslaw in addition to the L. monocytogenes present. 

The trends in gas composition in the coleslaw package during storage as influenced 

by temperature are shown in Figure 7. The mean percentages of 4 and CQ were 

sigmfiuuit (ps0.001) for the interaction of storage temperature with storage time for aii 

m e a d  responses. Percent O2 maeased at 8OC but remained static at 3OC. Under the 

sarne conditions, CO, deaeased at 8 OC and increased at 3 OC. One gas increased and the 

other decreased to the point where the percentage of CO2 at both temperatures crossed 

over at Day 7. The percentage of CO2 at 3 OC continueci to increase and at 8 OC decrease 

@ay 7- 10). These changes are more iikely related to the metabolic actides of the 

cabbage cells than to xnicrobi growth. The senescence of the packaged coleslaw at SOC 

was more rapid than at 3OC . Reduction of the concentration of both gases resulted in 

graduai eqwlibration of the package atmosphere to the surroundhg arnbient gr. 



Storage T h e  (days) 

Mean Total cfidg - 3OC 
A Mea~Totalcfu/g-8~C 

Figure 6. The e f f i  of storage temperature and length of tirne in storage on mean 
nurnber of L. monaytogenes/g (ps0.539, SEM4.224, n=15 df- 152) 
and mean total bacterial wunts, cWg (pr0.012, SEM=0.132, n=18, 
df-228) in coleslaw. 



Figure 7. 

Storage Time (days) 

Interaction between storage temperature and the length of storage time on 
mean percent 4 @sO.OOl, SEM4.635, n=18, W 2 8 )  and mean 
percent CO, @a0.001, SEM=1.876, n=l8, df=228) content of the 
package. 



Figure 8 depicts the Uiteraaion between storage temperature, package atmosphere, 

and inoculum levels on mean total bacteriai counts for d rneasured responses. The 

interaction between these fàctors was not sipifkant except for the coleslaw "none" 

i n d u m  stored at 3°C Ïn ambieat packages when contrasteci to levels of total bacteria at 

8°C. 

4.8 Assessrnent of rnicroflora 

Table VI1 Lists 10 bacterial isolates identifieci fkom the total bacterial isolation 

media plates incubated on day 1. This analysk of the microflora was conducted to assess 

the types of bacteria competing with the L. monocytogenes inocdum. The predominant 

micro Bora was Gram-negative rods, with Pseualornonas and Sem& species being the 

most numerous. 



NO- 10' 106 Noimou~bn 6 
10 

Storage Temperature (OC) 

Figure 8. Effects ofstorage temperature, packagmg process, and L. monaytogenes 
inoculum levels on mean bacterial counts (&g) of packaged coleslaw 
(pa0.056, SEM4.141, n=30, d H ) .  



Table W. Results of identification tests on 10 randoxniy selected bacterial isolates 
fkom commerciaI coleslaw. 

Isolate Morphology Gram API 20E Catf Ox' APT 20E Identification 
# Stain Number 

rods 

rods 

rods 

rods 

rods 

rods 

rods 

cocci 

rods 

rods 

Pseudomonas aeringenoso 

Pseudomonas pseudomallei 

UnidentSeci 

Enterobacter aggIomerm 

Pseud;omonas~~~oresceenî 

Chromobac feritmt spp. 

Semaria plymuhica 

Unidentifid 

Sematia ficancanu 

Unidentified 



The mean optical d d e s  ofL m09#ICyfogems dtured at 30°C at 24 h growth 

were converted to a "bio-nwnber". This number was compared to Biolo@ 's library 

database for identification of unknown microorganisms. Biolog@ reported a positive 

identification for Lisferia pp .  

There were 23 carbon source results in the experiment that differed fiorn the 

library database environmental identifidon listing for L monocytogenes. The 

identification by Biolo@ was not conclusive for L. monocytogenes but was conclusive 

for Lisreriaspp. 

4.10 The growth of L monayiogenes in a BiologB MicroPlates at 8 and 30°C 

Growth data were used to derive %est fit" curves for each of the 33 carbon 

sources utilized by L. monucytogenes at 8'C and 30°C incubation. Opticai density 

rradings were remrded at various intervais over a 150 h t h e  period at 8 OC and a 90 h 

time pied at 30" C. These values over time were used to genenite the experimental data 

growth curve using Iandei Scientifïc@ Table Curvem 2D V.3, a nonlinear regression 

program, to "best fit" a curve to the data. As growth of L. monayiogenes was 

distindy mirent between 8°C and 30°C, each set of data had to be analysed separately. 

54 



Growth at 8 OC was hear over the, therefore it was analysed using a liaear regression 

equation m-%). At 30°C, growth followed a hyperbolic pattern; therefore the 

following equation, y=a+bx/(chr), was applied to %est fit" the data to a hyperbolic 

curve, These results are shown in Table Vm:. 

The two parmeters, also given in Table Vm, maximum asymptote and %- 

saauation constanf were subsequently used to compare growth on the various carbon 

sources. Graphs of the analysis for each carbon source are Iisted in Appendix II. 

L. monocyiogenes' growth in the majority of the carbon sources exhibiteci 

hyperbolic growth at 30°C except for 3 weils. The D-arabitol (well BZ), gentiobiose 

(weil B9) and suaose (wd D12) carbon suurces resulted in a growth pattem which was 

better d e s m i  by a sigrnoidal growth equation , y=a+b/(l+exp(-(x-c)/d)). Growth in 

these weils at 8OC was recordecl as positive for the D-arabitol (weii B2), gentiobiose 

(weil B9) and negative for sucrose (well D12). Growth responses within these three 

wells are also shown in Appendix II, but were not included in the overaii anaiysis. 

Biologa weUs displaying no increase over the initial inodum optical density were 

designated as nongrowing and were not subrnitted to m e  fitting. The optical density 

declined in some welis after attainment of maximal population densities at 3 0 " C. 



Table VIIL Lhe of best M for r d  of L m0nocytqpw.s growth at 8OC compared 
to best fit of the m e  for growth at 30°C on the same carbon source. 
(Listed are aii the carbon sources that L monaytogenes utilized for 
growîh at these two ternperahires. L mmmytogenes did not mfliciently 
utilire the other 62 carbon sources.) 

WELL CARBON SOURCE GROWTH AT 30°C GROWTH AT 8°C 

d w n  %-&uniion dope y-httrctpt slope 
asymptote OOllSfMt 



(Continucd fnnn page 56) 

WELL CARBON SOURCE GROWTH AT 30% GROWTHAT 8OC 

maximum l-slrturation slopc Y*- dopt 
asym~totc constant 



Gmwth of L m- on 8 carbon soumis, (N--1-D-glucosamine7 N- 

acetyl-D-rnannosamine7 aD-glucose, D-mannitol, li-methyI D-glucoside, D-psicose, 

salicin, and xylitol) achieved a msurimum asymptote above 2.0 at 30°C. Any carbon 

source that reached a maximum aqmptote >1 also had a positive regression lhe dope 

for growth at 8°C. Ifthe maximum asymptote was <1 for L. monocytogenes growth at 

3 0 OC, the r d t i n g  dope of the @on line at 8 OC was negative. The y-intercept was 

s0.5 for the organisms growth on all carbon sources examined at 8OC. 

L. monocytogenes cultureci at 30°C resulted in a hyperbolic growth pattem, 

therefore only the initial part of the hyperbolic w e  was used to calculate the dope at 

this temperature for cornparison to the 8°C data. Growth at the two temperatures was 

comparai for each weil and the clifferences calculateci. Growth at the two temperatures 

was significantly Herent (p4.05) using the Sign Test. The differences between the 

observed data at the two ternpaahires were examined by calculating relative fiequenies 

for groups of welis with similar dopes. These fiequencies are given in Table IX. The 

welis are ranked in descendhg order of observed growth at the two temperatures The 

carbon source welis listed in group one for growth at 30°C correspond to 78% of the 

wells in group one for growth at 8°C. 



Tabk IX: Relative fiequencies of the observeci data condensed to 5 data classes. 

Group Wells Slope Range Number Relative 
Freauencies 

H2, B7, F6, ES, G12, D7, H6, O-0,0900 
El, C2, Hl 1, A4, ClO, C4 

Hl, E4, H3, H8, A12 0.0901-0. 1800 

D4, D 1, E2, H5 O. 1801-0.2700 

B4, Al 1, D8, C5, BS 0.2701-0.3600 

A10, BI 1, B3 0.360 1-0.4500 

gOc (X 104) 

A15 CIO, D7, Hl, C2, H2, El, '5-3.000 
A4,E5, B7, H3, H6, HS, C4, E4, 

CS, Hl 1, H5 

Al 1, F6, D4, A10, G12 3.001-1 1.000 

E2, BI1 11,001-19.000 

B3, Dl 19.001-27.000 

B5, B5, D8 27.001-35.000 



The difikences between the growth of L. monaytlognes at the 2 temperatures 

was significant, which was not unexpected, as growth and respiration are chemical 

. . .  readons which progres at a d .  nite at a lowa temperature of incubation. This 

finding corresponds to the results of the effects of storage temperame on L. 

monocytogenes in coledaw in the Phase 1. 

In ewnliiog the Werences between the growth ofL monocytogens at the 2 

temperatwes, L. monaytogenes did not show a preference for a partidar group of 

carbon sources at 8OC versus the optimum temperature for growth, 30°C. Table IX 

shows the carbon sources that support the highest growth slopes at 8OC are also in the 

highest fiequency groups at 30°C. The weils do not correspond 100% in each ofthe 5 

dope groupings for the 2 temperatures but no partidar carbon source group (for 

example: simple sugars, sugars that contain nitmgen, or amino acids) was preferred. AU 

carbon source groups are utilized at both temperatures. 



DISCUSSION 

Modified atmosphere treatment of f i t s  and vegetables is a widely accepteci 

technology for use on xnhüdy processed f i t s  and vegetables (6, 15, 19,ZO). In the 

first phase of this experiment, results indicated that rnodifyllig the atmosphere in 

packaged coleslaw was not effective in i n h i i i i  the growth of L monocytogenes (Table 

m). Berrang et aL (7) found that concentrations of 3-10% of CO2 had no effect on L. 

momcytogeens growth on controlied atmosphere vegetables as compared to growth in 

air stored vegetables. AU vegetables supported growth of L monocyfogenes at 1 SOC. 

L. monocytogenes populations ranged fi0111 106-109 &g, which occurred 6 - 10 days 

afler the start of incubation, before being deemed unfit for human wnsumption due to 

quality detenoration. Beuchat and Brackett investigated L. monucytogenes growth on 

iceberg lettuce stored at 5 and 10°C in a modified atmosphere of 3% 4 and 97% N, 

versus arnbient air packaging (9). Again, L m ~ o g e n e s  grew on the lemice reachhg 

populations of 10' didg after 10 days of storage. Phase 1 results support these findings 

as both mean L rnomcytogelbes and total bacteria counts increaseâ approxhately 2 log 

cycles by day 6 of storage f?om the start of incubation and then remaineci relatively 

constant VabIe VI). Populations of 106 cfulg of L. monocytogenes and approlcimately 

10' cfu/g of total bacteria were obtained before any obvious spoilage indicators were 

noted in the sensory observations (TableV). 

Sensory attributes of the colesiaw deteriorated at 8°C after 6 d storage in gas 



flush packages (Table V). Gas fiush packages had a slightly higher mean C 4  level 

(however. not significantly) but this may have led to the earlier deterioration of the 

cabbage tissue. In cornparison, coleslaw in ambient packages did not deteriorate until 

9 d of storage even though the packages received the same inoculurn Iwels. This could 

possibly be due to mechanical damage nom drawing a vacuum on the packaging during 

the gas flush procedure, which could enhance deterioration of the cabbage and carrot 

tissue. A microbial study on the shelflife of cabbage and wleslaw revealed that coleslaw 

deteriorated over similar storage regimes as used in phase 1 of this study, leaving the 

authors to conclude that the deterioration was primarily caused by physiological 

breakdown of plant tissue rather than by miaoorganisrns (73). 

The optirnai 4 ieveis for vegetables, in general, are between 2% and 5% 

and they can tolerate up to 20% CO2 before deterioration of sensory characteristics 

appear (9). The mean package atmospheres in this study for 4 ranged fiom 1.4% - 

4.3% and the range for C 4  was 17-23% as reported in Table VI. Since the package 

material used for the coleslaw was permeable to gas transfer, the modined atmosphere 

packages did equilirate to ambient air treatments. Balbtyne et aL(3) also found in 

two different studies that shredded letbice and broccoli florets will modify the 

atmosphere nahirally by respiratory processes (3.4). In phase I, the coleslaw packages 

rernained aerobic for the duration of the study. However, low oxygen concentrations 

or high carbon dioxide levels, above the tolerance of the coleslaw, can induce anaerobic 

respiration, which can cause the production of off-odours or fiavours (3.20). 



Another bene& ofusing modifieci atmosphere is supposed to be the extension of 

produce In phase I, packages were gas 0ushed with 5% O, 5% COz and 90% 

N, *ch has been reportai as a successful combination to double sheif-life of shredded 

lettuce and fresh beU peppers (4, 14). No such benefits were obtaùied by using this 

preservation method in coleslaw (Table V). 

Even though vegetables can ody tolerate up to 20% CO, (9), extremes in CO2 

levels were examineci for their abiiity to prevent growth of L. monocytogenes. Studies 

on shredded cabbage store. at 5°C under a modified atmosphere of 70% CO2/ 30% N, 

versus normal atmosphere indicated L. monocytogenes counts increased graduaiîy over 

storage t h e  by 1 log in both atmospheres and then dropped sharply &er 13 days (70). 

This coincided with sharp decreases in cabbage pH and the development of spoilage 

charactenstics. The adreme CO2 atmosphere also was not effkctive against the growth 

of L mopmyogenes, and in addition caused detenoration in the quality of the cabbage 

at a faster rate than phase I even though the ~ l e s l a w  was intentionaiiy inoculated with 

a high inodum level. 

In this study, coleslaw was inoculated with two levels of L. monocytogenes, 104 

and Io6 diJ& yet inodum level had no si@*uit effect on the average increase in 

number of L. monocytogenes recovered fi0111 the coleslaw (Table II). The higher 

inoculum gave L. mo?zucytogeenes no cornpetitive advantage against the inherent flora- 

The rnean total bactena counts were also not si@cant since the higher level of L. 

moI#)Cyf08elbeS inoculum (106/g) did not result in higher mean total bacterial counts in 



the coleslaw . 

Low temperature storage is another method used to prevent spoilage by 

bacterial organisrns. A ABnificanî efféct on the mean cuunts of both L. monocytogenes 

and total bacterial counts were evident with the slight increase in temperature (Table 

IV). A similar study of L monocyfogenes on ready-to-serve lettuce (1 10) found that the 

L m0mcytogene.s counts increased by several log cycles during 14 d of storage at 5 OC 

and 12'C. Previous authors reported that storage temperatures below 7°C effectively 

suppressed bacterial growth (3,73'). The ability of L nonocytogenes to grow at low 

storage ternperaaires make it partiailady important to chilied foods. Seeliger and Jones 

(104) and Junttila et aL (69) reported that the low temperature limit for growth of 

Listeria species is 1 OC. As weil, Beuchat et al. inincateci that L. monocytogenes can 

proLiferate on refngerated (5°C) raw cabbage (10). Temperature abuse during the 

distriiution chah of coleslaw, ike that reported by Parry (73), where the product left for 

prolonged periods at ambient temperatures of +lS°C (after unloading and prior to 

transfer to refrigerated storage) wuld result in an increased public health hazard. 

Coleslaw has a retail sheIf-iXe p a t e r  than 6 days. Again, phase 1 showed no obvious 

deterioration of package quality until after 6 days of storage (TableV), even though 

L. monayfogenes had reached the level of 106 cWg. Therefore refigeration by itself 

is not sufficient to guarantee microbiological s a f i  of refiigerated foods, since it is 

accepted that at some point during distribution or consumer handling temperature abuse 

can OCRU(S9,93). To e h k t e  the potental risk to the consumer of listeriosis a shorter 



shelf-Me may be necessary, even though the coleslaw may appear to be acceptable. 

The second phase of this study examined the growth of a pure strain of L 

m o ~ o g e n e s  on various carbon sources by utilking a Biolog@ MicroPlate. Studies 

have been done on carbohydrate fermentation by L monoqtogenes (85). Under 

anaerobic conditions only hexoses and pentoses supporteci growth whereas in aerobic 

conditions3 glucose, rhamnose and lactose were preferred (85). Growth on the sugars 

in Biolo@ was positive for giucose at both 8°C and 30°C3 but was negative for both L- 

rhamnose and a-D-lactose, which is in agreement with the Biolo@ expected growth 

reported in the bacterial identification Iibrary program. 

The Merences between the observed growth on the various carbon source wells 

and the expected response accordhg to the Biolo@ software iibrary program could 

possiiiy be due to the actuai strain of L. monucytogenes cultured. The software library 

for the identification of L. momqtogems is for an environmental strain cultured most 

effectively at 30°C for optimum growth results. The Biolo* manual recornmends an 

incubation taperasure of 35°C for hwnan, veterbry and food isolates, such as the L. 

rnomcytogem Scott A strain used in this study. The temperature of 30 OC was selected 

for cornparison to 8°C as this tempenihue was more comparable to hot sumrner 

vegetable growing days in July and August in Nova Scotia than the higher temperature 

of 35°C. 

As weil, growth factor requirements cm change with temperature (123). For 

example, Escherichia coli requires glutamic acid and nicotinamide for growth at 



4I0C(97). L monocytogeraes u t k d  twice as rnany carbon sources when the incubation 

tempenitue was el& to 30° C fiom 8 OC. Growth for N-acetyl-D-glucosamine and 

N-acetyl-D-glucose was positive for both 8°C and 30°C which is not surprishg as this 

is one of the components of L monocyiogenes that is isolated fkom ceil walls (85). 

m e r  possible causes for variation between expected growth and the observed 

growth could be due to the initial broth (tryptic phosphate broth ) used to culture L. 

mOl#)Cyfogenes. This media gave a very low niw optical density reading (0.002) in the 

Al weii, which the colour density in every other weli is referenced against to designate 

the growth pattern This could explain why 8% of the carbon sources were designated 

negative versus positive, as expected by the library program. The BioloH program has 

a 400h change tlireshold for determination of whether a weil is designated positive. For 

the purposes of this shidy, only the raw optical densities were used and the mean of the 

growth in 6 replicate plates at 24 hours was used to d e t e d e  whether a weLi was 

positive or negative. 

The differetlce between tempgabires for growth on the carbon sources that were 

positive was highly S@cant (p4.05). The pattern of growth at 3 O O C was hyperbo tic 

whereas at 8°C was Linear. When the initial part of the growth curve at 30°C was 

analysed with the sarne equation as 8°C growth, the fiequency distributions were very 

similar. Therefore carbon sources that cultureci L. momqttognes effectively at 3 0 OC 

also cultured L montxytogenes at 8OC but at a much lower rate ofgrowth. 

Informafion on the prefmed carbon sources for the growth of L. monaytogenes 



at chilleci tempadtures can be applied to the formulation of foods susceptiile to growth 

of this organism. For example, an Jtemate sugar could be used for sweetening a food 

product such as Ghctose  instead of sucrose. hiffL et aL study showed no difrence 

between the growth m e s  obtained for L monocytogenes in pure or food culture 

systems (36). Thedore the BiologB syskm has the potential to mode1 microbial growth 

of L. rnonacytogenes as weli as other microorganisms to assess how organisms are 

affectecl by factors such as preservatives or acidulants in food. Relative fiequencies of 

the dopes, shown in Table DL , can detemillie the optimum carbon source for growth at 

a particular temperature. BioIog@ could be used to waluate the effdveness of 

antagonistic microorganisms. The use of food-grade microorganisms a d o r  their by- 

products as food additives is beiig investigated for their ability to reduce or eliminate 

undesirable miaoorganisms in a food such as coleslaw. Microorganisms with potential 

antagonistic activity include lactic-acid bacteria, propionic-acid bacteria and possibly 

yeasts and acetioacid bactena (2 1). 

A study of the growth of L. monmytogenes in experiments with meat products 

revealed that the growth rates at 7°C versus 30°C were sllnilar and that the growth 

tempeninue or@ afEeded the lag phase (12,16). This also agrees with statistical analysis 

of the results obtained in the coleslaw in Figure 6, with no significant dserence in 

growth rate at different storage temperahires. 

In other studies, L. monocytogenes was either incapable of multiplying, or 

showed a very slow increase in levels and this was attributed to dserences in the 



composition of the food products(12,42,112). Biolog@ has show that the carbon 

source greatly affects the growth of L monaytogenes. In wcoleslaw not only the 

presence of other organisms, but aiso the composition of the food afEkcts the growth of 

L m m t x y t ~ s .  The growth of enterococci and Gram negative organisms has been 

recognized for their inhibition of the growth of Listena spp., therefore, selective media 

for Listeria contain antibiotics to suppress these species. It has also ben reported that 

at low temperatures Pseudomom spp. stimulate the growth of Lisfen'a(36). 

Pseudomonus and Gram negative bacteria were the predominant isolates fkom the 

identification tests on coleslaw reported in Table W. The Bio loe  MicroPIate could 

be utüized to mode1 the effkct of PsetlctOmonas on the growth OU. monocytogenes in 

a mixed inodum culture, in fùture research. 



CONCLUSIONS 

The growth of L. momcytogenes in coleslaw when subjected to modifieci 

atmosphere was not significantly affiected, regardless of inoculum level . Consequently 

the higher inoculwn gave L monocytogenes no cornpetitive advantage against the 

inherent flora. 

The higher initial inoculum level of L monocytogenes does not result in higher 

overail levels of Listeria, but incubation at higher temperature does lead to higher 

Listeria levels. This increase in population was obtained before any sensory 

deteriodon ocaured in the package that would warn the consumer of spoilage. Based 

on the above findings, M e r  studies are needed to examine the competitiveness of L. 

monocytogenar at a much lower level of h d u m  more representative of possible 

contamination levels fkom the environment. Application of this data to the storage of 

penshable foods may be important. If the storage temperature is raiseci only slightly 

conditions may become more favourable for extensive growth of this pathogen. 

Consumers should be alerteci to the coosequences of temperature abuse on the 

growth of food pathogens especidy when consumption of comrnercidy prepared, 

ready-to-eat eesh salads and vegetables is increasing. L. monocytogenes' 

psychrotrophic nature rnakes it a pathogen ofgreat concem with respect to its potential 

for foodbome disease. As most healthy people are not susceptible to listenosis, 

outbreaks have not been more widespread. 



It is apparent fiom the r d t s  of the Phase II section of this st~~dy that 

tempeniture has a great influence on the growth of L. monocyiogenes on various carbon 

sources. The fàct that L monocytogenes showed positive growth at 8°C on certain 

carbon sources common in many foods reinforces the need for concern about this 

pathogen in muiimany pmussed refiigerated foods. Refrigeration storage alone cannot 

assure that the growth of L monaytogenes WU not occur. 
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APPENDIX IL Growth of L. monocytogenes on various carbon sources in a 
BioloN MtcroPlate. 



Dextrin (A4) 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



N-acetyl-D-g lucosamine (A1 0) 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



N-acetyl-D-mannosamine (Al  1) 

O 25 50 75 IO0 125 450 

Time (hours) 

Growth at 30°C 
Curve fit line 

a Growth at 8°C 
Regression line for 8°C 



Amygdalin (Al 2) 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression Iine for 8°C 



O 25 50 75 100 125 150 

Time (hours) 

1 Gmwth at 30°C 1 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



Arbutin (B3) 

Time (hours) 

Growth at 30°C 
Cuwe fit Iine 
Growth ai 8°C 
Regression line for 8°C 



Cellobiose (B4) 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



0.0 l I I L 1 1 1 I I  I I I 1  I I I )  

25 50 75 100 125 

Time (hours) 

0 Growth ai 30°C 
Curve fit Iine 
Growth at 8°C 
Regression line for 8°C 



Time (hours) 

Growthat30°C 
Curve fit line 

0 Growth at 8°C 
Regression line for 8°C 



Gentiobiose (B9) 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



25 50 75 100 125 150 

Time (hours) 
- -- 

a Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



Lactulose (C2) 

25 50 75 100 125 

Time (hours) 
- - - - - - - - 

O Growth at 30°C 
Curve fit line 

a Growth at 8°C 
Regression line for 8°C 



O 25 50 75 100 125 150 

Time (hours) 

Growth at 30°C 
Cuwe fit Iine 

0 Growth at 8°C 
Regression line for 8°C 



b-methyl-D-galactoside (Cl 0) 

25 50 75 100 125 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growthat8"C 
Regression line for 8°C 



B-methyl-D-glucoside (Dl) 

Time (hours) 

0 Growth at 30°C 
Cuwe fit line 
Growth at 8°C 
Regression line for 8°C 



O 25 50 75 100 125 150 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression Iine for 8°C 



D-ri bose (D7) 

25 50 75 'IO0 125 150 

Time (hours) 

0 Growth at 30°C 
Cutve fit line 
Growth at 8°C 
Regression line for 8°C 



Salicin (D8) 

25 50 75 IO0 125 

Time (hours) 

0 Growth at 30°C 
Cuwe fit line 

0 Growth at 8°C 
Regression Iine for 8°C 



Sucrose (D12) 

25 50 75 IO0 125 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



D-tagatose (El) 

O 25 50 75 IO0 125 150 

Tirne (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



25 50 75 IO0 125 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



Xyiitol (E4) 

Time (hours) 

1 Growth at 30°C 
Curve fit line 

a Growth at 8°C 
Regression line for 8°C 



Growth at 30°C 
Curve fit line 
Growth ai 8°C 
Regression line for 8°C 



Methyl pyruvate (F6) 

O 25 50 75 100 125 -150 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



Adenosine (Hl) 

I L L  

Time (hours) 

O Growth at 30°C 
Curve fit Iine 
Growth at 8°C 
Regression line for 8°C 



2'-deoxy adenosine (H2) 

25 50 75 IO0 125 

Time (hours) 

Growth at 30°C 
Curve fit line 
Growth at 8°C 
Regression line for 8°C 



lnosine (H3) 

Time (hours) 

O Growth at 30°C 
Cuwe fit line 
Growthat8"C 
Regression line for 8°C 



Uridine (H5) 

Time (hours) 

0 Growth at 30°C 
Curve fit line 

a Growth at 8°C 
Regression line for 8°C 



O 25 50 75 100 125 

Time (hours) 

Growth at 30°C 
Curve fit Iine 
Growth at 8°C 
Regression line for 8°C 




