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Abstract 

Spoiled vacuum-packaged sliced ham and comed beef samples were analyzed and 

both homoferrnentative lactobacilli and leuconostocs were found to dominate in the 

spoilage process (10'-I@ cFU/&). The number of lactobacilli was consistently a little bit 

higher than the leuconostocs, but no more than one order. In corned beef packages, the 

bacterial number in the slime (purge) was one or two orden higher than on the meat 

SUrFdce. The organism that f o m d  ropy slime on the packaged meat lost their ropy slime- 

producing ability on agar plates. Sucrose addition to the formulation of corned beef did not 

change the dominance pattern of the LAB which was not surprising since al1 the strains 

recovered fiom the suaose-added and control meat samples were able to ferment sucrose. 

These isolates were identified as Lactobacillus airvafus, Lactobaci/Zzls sake and 

Leuconostoc mesenteroides ssp. mesenteroides based on t heir mo rp hology, key 

biochemical reactions and the API 50 CHL test results. Pulsed-field gel electrophoresis of 

the genomic DNA with SmaI digestion distinguished al1 the LAB straiiis under study. 

Nonetheless, it was found that the PFGE (SmaI digestion) technique by itself was not a 

suitable method to identiQ species of L. curvat1i.s or L. sake. A phylogenetic analysis of 7 

Lezcconostoc strains using data generated by PFGE revealed that two bactenocin- 

producing straîns (both isolated from commercial meats f?om Quebec) had a close genetic 

relationship. A "composite-simultaneous" restriction endonuclease digestion method was 

developed which enabled dzerential enumeration of LAB strains in mixtures by PFGE. 

Among 20 LAB strains isolated fiom commercial meats, two Lc. mesenteroides 
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strains and one L sake strain were able to produce bacteriocin and two L. suke strains 

(No.6 and No.9) plus one L. mrvatrrs strain (No. 10) were found to be sensitive to these 

bacteriocins. These bacteriocin-producing bacteria produced bacteriocin when growing on 

agar surfiaces but not when growing in broth. 

NaNO, (<200 ppm) had little effect on the growth of spoilage LAB strains in 

MMRS broth at 6°C. NaCl (>4%) had a significant inhibitory effed on the growth 

capabifity of k mesenteroicies and L sake strains at 6°C but had no effect on L. cuntutus 

strains. Lower initiai pH of the MMRS broth also had a significant inhibitory effect on Lc. 

mesenteroidés and L. sake but had little effect on L. mrvatz~s. Lactobacilli generally grew 

better than Lc. m ~ e r o i d e s  at pH 5.5. Different incubation temperatures had a significant 

effèct on the growth of ai i  3 species. It appeared that L. cu17ru1u.s and L. sake grew faster 

at 12°C than Lc. mesenteroicies. I t  was ais0 noted that there was a similar response for 

strains within the same species to the challenges of NaCl, NaNO,, pH and temperature. 

When present in mixed cultures, Leuconostoc strains did not grow well at 2°C and at an 

initial pH of 5 -5, compared with lactobaciiii. At normal cured meat pH (6.0 and 6.5) and 

higher temperatures (6OC and 12°C). dominant bacteria always developed from the 

originally larger bacteriai population. When leuconostocs and lactobacilli were present in 

equal initial numbers, lactobacilli dorninated at 2°C and pH 5.5.  In Lc. mesenteroides and 

L. m ~ u t u s  mixtures, Lc. mesenteroides dominated at 6°C (pH2 6.0) while L. curvatus 

dominated at 12°C (pH26.0). In Lc. mesenteroides and L. sake mixtures, there was no 

significant diifference in numbers between Lc. niesenierozdes and L. sake at 
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temperaturesr 6°C and pHr 6.0. No substantiai inhiiitory effect of bacteriocin was observed 

in the mixed cultures. 
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Vacuum-packaged cooked cured meat produas such as ham and bologna comprise 

a major portion of processed meats for sale at retail and have become very popular over the 

yean because oftheir long shelf Iife (usuaily 2-7 weeks) and their ready-to-eat convenience. 

Lactic acid bactena &AB) are a major component of the microbial population found on 

various types of vacuum-packaged cured mats (Mol et al., 197 1, Borch et al., 1997). 

Homofermentative lactobacilli and leuconostocs are two major types of LAB repeatedly 

responsible for premahire spoilage of vacuum-packaged cooked cured meat produas 

~ o i l e y ,  1997; Korkeala and Bjorkroth, 1997), which leads to considerable financial loss 

to manufacturers. 

Lactobacilus curvittus (L cun>atrcs)), LactobaciIIus soke (L. sake) and Leuconostoc 

mesenteroides ssp. mesenteroides (Lc. mesenteroides) are three LAB species fiequently 

reportai to dorninate in the spoilage of vacuum-packaged cwed meats (Dykes et al., 1994). 

Since this group of bacteria (especidy L. cu17/01~1~ and L sake) s hare similar morp hological 

and biochemical characteristics, strain identification is problematic. Among several 

methods used to identfy LAB strains, pulsed field gel electrophoresis (PFGE) of restriction 

endonuclease-digested genomic DNA has proven to be reliable for strain characterization 

due to its high resolution and excellent reproducibility (Bjorkroth et al., 1996). 

No information is available which predictably explains reasons for dominance of 
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Luctobaciiius or Leuconosroc strains during spodage of vacuum-packaged cooked cured 

meat produas. Such understanding why lactobacilli or leuconostocs dominate in the 

spoilage process would be very helpfbl for prediction of spoilage and manipulation of the 

dominance patterns in order to extend the shelfiife of meat products. Factors such as pH, 

temperature, NaCl and NaNO, concentration, bacteriocin production and resistance may 

contribute to the dominance of these two genera. 

The objective of this research was two fold. First, to isolate and characterke LAB 

strahs fkom spoiled meat samples using conventionai techniques. PFGE was afso applied 

and evaluated for its usefùiness in strain identification. Second, to conduct individual 

inhibitory factor tests and mixed-culture dominance tests (in vitro) to evaluate pH, 

temperature, NaCl and NaNQ concentrations, bacteriocin production and resistance as 

m o r s  influencing the dominance of these spoilage LAB. In addition, we wished to test the 

hypothesis that lactobacilli and leuconostocs compete equivalently when present in equd 

nurnber during challenges with these factors and that dominant bacteria develop fiom the 

larger initial bacterial population. 



2.1. Microbiological Spoiiage of Vacuum-Packaged Cooked Cured Meats 

2.1.1. Coo ked Cured Meat Products 

Meat contains a wide variety of essentiai nutrients. Because of its nutritiousness and 

deliciousness, meat makes up a major part of the hurnan diet in alrnost al l  nations. Meat 

products can be divided into nesh mats and processed meats: fresh meats include kesh 

cuts and other meat separated fiom animal carcasses without fùrther thermal or chernicd 

treatrnents. Processed meats include sausages, non-comrninuted meats and restmctured 

meats. Sausages can be made fiom coarsely ground meat or meat emulsions, while non- 

cornminuted meats include those whole cuts such as bacon and ham. Restructured rneats 

are meat pieces held together by proteinaceous extracts ffom meat. 

Because meat has a very high water content (-70%), it is an extremely penshable 

product compared to some plant products such as grains. Preservation of meat by drying 

has been practiced for thousands of years. Besides drying directly by removal of water, the 

addition of salt was &en used. The latter was known origindy as "curing" (Townsend and 

Oison, 1987). In ancient time, by inadvertent use of impure sodium chloride containing 

nitrate or nitnte, a pleasant pink meat color was achieved as the result of conversion of 

myoglobin to nitrosomyoglobin (Figure 1). Nowadays, "cure" directly refers to sodium 

nitrite or potassium niaite used in meat curing and the term "meat c u ~ g "  eventually came 
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Figure 1. Structure of myoçlobin and the mechanism of color change in meat cunng. 
(Pearson and Tauber. 1984) 
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to be understood as the addition of salt, sugar, nitrate or nitrite, as well as various spices, 

ascorbates and phosphates (Townsend and Olson, 1987). 

The fünction of nitrite in meat curing is not limited to stabilizing the pink color of 

lean meat. It also contributes to the characteristic flavor of cured rneats, inhibition of a 

number of food poisoning and spoilage microorganisms, and in another aspect, in terms of 

retarding the development of rancidity (Pearson and Tauber, 1984). Brooks et aL(1940) 

first reported that the characteristic bacon and ham flavon were due to the addition of 

nitrite. However, the search for the specific compounds developed which are responsible 

for cured meat flavor is stiU going on (Townsend and Olson, 1987). Sodium/potassium 

nitrite has a significant antibacterid affect on Ciostndium botulimm, an anaerobic spore- 

forming microorganism that produces botulinum toxin, which is potent and lethal to 

humans. The bactekidal activity of nitrite increases with temperature (Roberts et al., 

1 98 1). M e r  research has shown t hat nitrite delays the develo pment of oxidative rancidity 

(Watts, 1954). The mechanism involves two important features. Iron ions from heme 

compounds in meat act as a catalyst for Lipid oxidation. The reaction associated with nitrite 

in forming cured ma t  pigments retains the iron in the heme, often in the reduced fom 

(Fe2+), so the iron is inactive as a catalyst for lipid oxidation. 

However, improper usage of nitrite has generated adverse consumer opinion 

regarding cooked cured meats. Before L 945 there was little concem about the amount of 

nitxite or nitrate in relation to the human diet. At first, the acute toxicity of nitrate as well 

as the relationship of nitrate and methemoglobinemia were of concem (Hill, 199 1). The 

hypothesis that nitrate exposure might be implicated in the development of human cancer 
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stemmed fiom the knowledge that N-nitroso compounds form a family of highly 

carcinogenic compounds that can be generated in foods treated ~ 6 t h  nitnte or nitrate at 

high concentration and at elevated temperature. Yet N-nitroso compounds have not been 

found in cured meats prepared according to the curent reptations (Hill, 199 1). The US. 

Federai limitation of nitnte in finished products is 200 ppm, but only 120 pprn is allowed 

in bacon (USDA 1975). In m k e d  aireci products, the residuai nitrite found is only about 

50 pprn (Townsend and Olson, 1987). 

Cured meat produas may be manufactured tiom whole cuts (non-comminuted 

meat) such as comed beef, or be restructured from smailer meat pieces such as molded 

siiced ham. Sausages also can be one f o m  of cured meat if nitratehitrite is added. These 

products include dry cureci and smoked sausages, plus cooked, cured and smoked sausages. 

Bologna is nich a type of sausage with an emulsion base. Canned products such as cooked 

ham and luncheon meat with vegetables or added pasta are other types of cured meats. 

In the meat curing process, meats are fkst treated with NaCl to yield a final 

concentration of 2-3% (w/v). Sodium nitrite is added as the curing agent to a final 

concentration of less than 200 ppm (ug/g). Sugar (mainly glucose, sucrose or lactose) is 

another ingredient added to the meat and the concentration is around 1% (w/v). Texture 

improvers, binders, spices and smoke may be added. Phosphate or lactate may also be 

added as humectants to improve the water-holding ability and reduce water activity (G) 

at the same time. Ascorbates such as sodium eiythorbate may be added to speed up the 

aire reaction and color development of meat products. Starch, Bour and rnilk ingredients 

may be used as fillers (Townsend and Olson, 1987). 



After curing (dry or pickle curing), the meats are filled in cans, molds, casings or 

thermo-resistant plastic pouches and cooked to an intemal temperature of 6575°C 

(Pearson and Tauber, 1984) to yield products which are generaiiy stable under refrigerated 

conditions. C m e d  products are given a more severe heat treatrnent (>66"C intemal) and 

are usually shelf-stable at room temperature ifless than 3 Ibs. After heat treatment and 

chilling, the cooked cured meat products may be sliced and repackaged (usually by 

vacuum-packaging) in the original processing plant or at the retail outlet. 

Vacuum-packaging of cooked cured meat products has becorne very popular. By 

excluding air fkom the mat  with 4 impermeable (barrier) pouches, an anaerobic 

environment is generated. Advantages of vacuum-packaging include hygienic handiing of 

products, increased shelf-Me, good labeling properties and better decontamination 

possibilities by postprocessing treatments such as irradiation. There are a h  some 

disadvantages of vacuum-packaging: equipment and material-related costs, drip (purge or 

exudate)formation, poor separation of slices (if it is a sliced produa) and packaging waste 

(Korkeala and Bjorkroth, 1997). 

2.1 -2. Microbiological Spoilage of Vacuum-Packaged Cured Meats 

2.1.2.1. Microbiology offiesh meats 

Many species of rnicroorganisms are able to grow on tiesh meat. Most of the 

bacteria found on skinned carcasses are Gram-positive mesophiles such as Micrococcus, 

S ~ h y I 0 ~ 0 c m . s  and Bacillus with the presence of a few Gram-negative mesophilic bacteria 

(Egan and Roberts, 1987). 



As the carcasses are moved into the chill room at nea. O°C, a selective environment 

is developed which favors the growth of psychrotrophic bacteria. Three genera usualiy 

predorninate. niqr are Pseziabmom, Morclxelia and Acinetobacter. These microorganisrns 

are Gram-negative, strictiy aerobic rods that can grow at low temperatures around O°C 

(Giii, 1986). However, ail of these bacteria are sensitive to heat and require a high a, to 

grow. They are not n o d y  associated with any human disease or food poisoning. Among 

these three genera the Pseuabmonas strains grow most rapidly and WU eventuaily dominate 

in the chilied fiesh meats. 

In addition to those Gram-negative rods mentioned above, other microorganisms 

may also grow on the moist surface of kesh meat. These include Lactobacillus, 

Micrococns, Aeromonas, psychrotrophic Enterobocteriaceae as well as Brochothix 

thenno~phacta (Sneath and Jones, 1 976). 

When the oxygen surrounding fiesh meats is eliminated by vacuum-packaging or 

modifieci atrnosphere (MA) packaging ( 10W CO3 at low temperatures, the microflora wiIi 

be dominated by LAB, mainly Cmobucterium spp., Lactobacillus spp. and Leuconostoc 

spp. (Shaw and Harding, 1984). C d a c t e r i u m  spp. dominate at - 1.5 OC on pork stored 

in 1W/o CO, while homofennentative Lactobacil~lur spp. dominate at 4' C and 7 OC in these 

products (Borch et al., 1996). 

2.1.2.2. Microbiology of vumm-puckaged cured meats 

The spoilage flora of cured mats is veiy Merent from fiesh meats. Salts and nitnte 

in the curing formula inhibit the growth of Pseudomonas, Mormella and Acinetobacter but 



favor the growth of lactic acid bactena (LAB), Brochofhrix thermosphacta and some 

Enterobacterraceae (Allen and Foster, 1 960; Nielsen, 1 983). Vacuum-pac kaging and the 

higher pH of cured meat slows d o m  the growth of Brochothrix fhermosphacta which is a 

facultative anaerobe. Proper storage temperatures ( ~ 6 "  C) will also eliminate the 

predominance ofpsychrotrophic Enlerobacteriaceae because these microorganisms usually 

do not grow well at 6°C or below. 

During the refiigerated storage of vacuum-packaged cooked cured meats, the 

growth of psychrotrophic LAB (mainIy Lactobacillus, Leuconostoc and Cumobacterium 

spp.) is favored because they are sait tolerant and not very sensitive to nitrite (Castellani and 

Nven, 1955; Reuter, 1970; Mol et al., 1971). Carnobacterizun spp. usudy dominate at very 

low temperatures such as - 1.5 OC. However, the cornmon storage temperature (4-9 OC) 

favors the growth of other LAI3 such as lactobacilli. Cantobacterium spp. also can not 

suMve the great amount of acid produced during meat storage, so this bacterium is not an 

important microbial component of vacuum-packaged cured meats (von Holy et al., 199 1). 

A subsequent study fiom the same laboratory showed that dominant organisms in these type 

of meat producis are either LactobaciZlm or Leuconostoc spp. @ykes et al., t 995). S pecies 

of Lactob~~:iiZ~~~ CU- and LactobacilIzis sake have often been shown to forrn the most 

important spoilage population of vacuum-packaged cooked meat products (Dykes and von 

Holy, 1 994; Holzapfel and Gerber, 1 986). In addition to these lactobacilli, Leuconostoc 

mesenteroides ssp. mesenteroiids has also been Eequently observed to form the main 

spoilage population in vacuum-packaged cured meat products (Dykes et al., 1994; Yang and 

Ray, 1994; Korkeala and Bjorkroth, 1997). 



These ~poilage organism are not thermo-resistant (Franz and von Holy, 19%) and 

the initial nurnber of spoilage LAB in the mat  products is generally very low inunediately 

after cooking. Makela and Korkeala (1987) found that the skins of cooked ring sausages 

were relatively fiee of Iactobaciüi after cooking, with only 2 ou? of 30 samples showing the 

presence of one organism per 1 Og of skin. The spoilage of cooked products mainly results 

from contamination after cooking (Makela and Korkeala, 1987) and microorganisms may 

gain entry during the siicing and vacuum-packaging operations. The contamination may 

corne firom air, processing equipment or nom the hands of workers (Korkeala and 

Bjorkroth, 1997). It was found that the practice of "CO-slicing", which is popular at both 

retail and processing plants may cause recontarnination of cooked meats by transfer of 

spoilage LAB nom dry fermented sausages to vacuum-packaged siiced mats  (Holley, 

1997). 

2.1.2.3. Semory and physicaf changes during spoiluge 

2.1.2.3.1. Sorrmes~ 

Sour aroma and Sour taste are the major offensive sensory qualities produced as a 

result of spoilage of vacuum-package cured meats (Korkeala et ai., 1989; von HoIy et al., 

199 1). Spoilage LAB produce lactic acid or acetic acid as end products of sugar 

metabolism. When the Ievel of Iactobacilli reached 5x10' CFWg of the surfâce layer, lactic 

acid concentration increased sharply (Korkeala et al., 1990). The initial pH of cured meats 

ranges tiom 6.0 to 6.5 (Pearson and Tauber, 1984). Once the LAB reach a population of 

5x10' CFU/g, the pH decreases sharply and meat simples becorne spoiled when the pH fdIs 



I I  

below 5.8 to 5.9 (Korkeala et al., 1990). Very low p H  values such as 4.6 to 5.5 were also 

observed in spoiled vacuum-packaged cured meats (von Holy et al.. 199 1). Nonetheless, 

pH drop usually occurs d e r  there are visible signs of bacterid spoilage (Le. development 

of s h e ) .  

2.1 . î . 3  -2. Gas formation 

Blown-packages are a cornmon form of spoilage with vacuum-packaged cured meat 

products. A major part of the gas is C O  which is a metabolic by-product of the 

heterofermentative LAB, such as Leuconostoc spp. (Ahvenainen et al., 1990). Excessive 

CO2 produced in packages may lead to the leakage of the package and destroy the strict 

anaerobic environment surrounding the meat, thus altering the rnicrobiological spoilage 

pattern. The CO2 concentration in vacuum packages has been shown to be initially less than 

1 O%, but increased sharply, to 40-60%, when lactobacilli exceeded 6 . 4 ~  1 O6 CFU/g 

(Korkeala et al., 1987). Yang and Ray (1994) observed that cured meats they studied were 

exclusively spoiled by Leuconostoc spp.. Gassing is probably the most important premature 

cause of spoilage of vacuum-packaged cured m a t s  because it occun at relatively low 

numbers of bacteria/cm2. 

2.1.2.3.3. Puree formation 

Purge, exudate, slime or rmlky fluid is frequently observed to accumulate in 

packages of spoiled vacuum-packaged cooked cured meat products (Xempton and Bobier, 

1970). Products are deemed as unacceptable when purge formation is very copious and 
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covers the meat nirtace (Borch and Neibrink, 1989). The appearance of the purge changes 

fiom transparent to white or miilq due to the pH drop (Ahvenainen et al., 1990). 

2.1.2.3.4. Ropv slime formation 

Ropy slirne formation on vacuum-packaged cooked sausages was fiequently 

observed in Finiand during the 1980's (Korkeala et al., 1988). Ropy slime often forms 

before the product e x p j .  date when the LAB are still in the logarithrnic growth phase and 

before the pH of the product decreases (Korkeala and Bjorkroth, 1997). The presence of 

elastic long polysaccharide ropes can be observed when separating the sausages or slices. 

The appearance of the ropy slime is very undesirable and is clearly dEerent kom the s h y  

bacteriai mass (Korkeala and Bjorkroth, 1997). 

Based on DNA-DNA homology, 4 groups of t. sake strains and one Leuconostoc 

gelidum strain were identified as the cause of ropy slirne formation (Makela et al., 1992) 

in a series of spoiled meats. One group of L & strains was found to be  the most offensive 

ropy slime producer (Bjorkroth and Korkeala, 1996). Pulse-field gel electrophoresis 

(PFGE) of restriction endonuclease (SmaI and AvrII) digested genomic DNA anaiysis was 

conducted and this procedure successfùlly characterized 4 sub-groups of ropy slime- 

producing L sake strains (Bjorkroth et al., 1996). Contamination of  sausages by these ropy 

slime-producing LAB was found to occur after cooking, dunng chilling, handling, slicing 

and packing, because these organisms do not normally s u ~ v e  the hternal sausage cook 

temperature of 68°C (Makela et al., 1992). 
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2.1 U . 5 .  Asvmmetric distribution of LAB durinpoi lagg 

Another interesting issue associated with the spoiiage of vacuum-packaged cooked 

cured meat products is the asymmetnc distribution and growth of spoilage LAI3 in 

packages, or "su~ace layer spoilagey'. Surface spoilage phenornenon not oniy occurs in 

vacuum-packaged whole mats but also in sliced products (Holley, 1997). Korkeala and 

Lindroth (1987) found that the predominant growth of bacteria at the meat surface was due 

to the greater a, at the surface layer of the meat. However, this relationship was not 

established in the study by Holley et al. (1996). It was suggested the microbial distribution 

difference might result fiom the higher 4 concentration at the meat surface inside the 

barrier package film (Bell and GU, 1982; Holiey et al., 1996). Slow diffision of oxygen 

through the packaging film during storage may be the cause, especidy when the barrier 

films are stretched during thermo-forming of the package (Holley, 1997). In the 

investigation with vacuum-packaged cooked ring sausages, 5x10' C N / g  LAB were found 

in the surface layer of the mat, but in the center of the sausage the bacteriai load was only 

about 10'- l d  CFU/g, (Korkeala and Lindroth, 1987). 

LAB, more specificaiiy, homofermentative lactobacilli and leuconostocs fom the 

major spoilage flora of vacuum-packaged cured meats. Sornetimes this type of spoilage 

causes significant hancial loss to the manufacturers. However, we should also be aware 

that the predominance of these LAI3 may initially serve a protective fundon by excluding 

other spoilage and pathogenic species (Holley, 1997). 

2.2. Biochernical and Growth Characteristics of Spoilage LAB 



L. mnahrs, L. sake and Lc. mesenteroides make up the major spoilage flora of 

vacuum-packageci cooked cured mat products @ykes et al., 1 99 5). T hese microorganisms 

belong to a group of Gram-positive, cadase negative non-sporing micro-aerophilic bacteria 

whose main fermentation product fkom carbohydrates is lactate (Kandler, 1983). This group 

of bacteri4 LAB, includes the genera Cmobacterium. Lactobacilius~ Leziconostoc, 

Pecilucocccur and Sbept0cocm.s. Lactic acid bactena characteristically lack cytochromes and 

are dependent on substrate level phosphorylation d u ~ g  sugar fermentation for energy 

(Charteris et al., 1997). They are subdivided on the bais of their sugar utilization pathways 

and metabolic products (Kandler and Weiss, 1 986) into homofennentative and 

heterofermentative LAB. Homofennentative LAB produce primarily lactic acid fiom 

hexose. Hetero ferment ative LAB can produce CO, lactic acid, acetic acid, et hanol, and 

mannitol &om hexoses (McDonald et al., 1987). 

The genus Lactobacillus contains a variety of homo- and hetero-fementative 

species. However, the two most important spoilage IactobacilIi, L. curvatus and L. sake, are 

both homofementative (facultative heterofermentative) while Leuconostoc species are 

heterofennenters (Schillinger and Lucke, 1987, Stiies and Holzapfel, 1997). 

2.2.1. L. curvatus and L. sake 

Under the microscope, both L. curvatus and L. sake are usuaily nonrnotiie rods 

with rounded ends, generally 1-3 pm in length, occurring singly, in pairs or in short chains 

(Kandler and Weiss, 1986). L. sake cells are usually siightly thicker than L. curv~tus cells 

(0.769 pm and 0.6-0.8 pm, respectively) and AL curvatzrs sometirnes occur as curved rods 
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but in general it is hard to tell this difference. Neither species is usually able to grow at 

45°C but many strains tested are able to grow at 2-4OC, whïch enables their predorninance 

in refigerated vacuum-packaged coo ked cured m a t  products (Kandler and Weiss, 1 986). 

A DNA-DNA homology study reveaied that L. cu~vatus and L. sake are closely related to 

each other. They share 4040% hornology. The mol% WC of the DNA of these two 

species are both 42-44 (Tm). However, recent study of these two organisms showed that 

L. sake and L- m17ruttls are two weU-defined species (Klein et al., 1996). 

Data fiom Kandler and Weiss (1986) showed that 90% of L. sake arains 

investigated were amygdalin, arabinose, melibiose, sucrose and trehalose positive while 

90% of L curvu.tus straiw showed negative resuIts in these sugar fermentations. However, 

in an investigation by Schillinger and Lucke (1987), among these sugars oniy the melibiose 

fermentation profile of these two organisms was consistently reported O(and1er and Weiss, 

1986; Hugas et al., 1993). From the results of Schihger and Lucke, it was also found 

that 80% of L. ctrrvutus strains could utilize maltose but 86% of L. d e  did not. The 

arginine utilization test is another informative measure to differentiate L. cumahrs from L. 

su&. Schiihger and Lucke (1987) found 88% of L. sake strains under study showed 

positive results but only 35% of L curvatus strains could utilize arginine. Hugas et al. 

(1993) found that al l  the L sake strains investigated were arginine positive while only 8% 

of L. curvatus strains possessed this property. In an investigation of spoiled retail 

delicatessen mats, ail 6 L. sake strains isolated were found to be arginine positive and ail 

3 L. curvatus strains were negative (Holley et al., 1996). Arginine deamination broth is 

commonly made according to Niven et al. (L942) or Schiilinger and Lucke (1987). 
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Addition of 0.03 or 0.05% glucose was suggested to yield more consistent results 

(Hitchener et al., 1982; Hugas et al., 1 993). 

2 -2 -2. Lc. mesenteroides 

Lc. mesenteroi&s has sphencal but often lenticular celis with a diameter of about 

0.5 Pm. The celis usudy occur in pairs and chahs and are nonmotile (Garvie, 1986). 

When cultured in broth, cells are elongated and can be mistaken for rods, appearing 

morphologically closer to the IactobaciUi than to the streptococci (Garvie, 1986). That is 

the reason that morphologically, sometimes it is hard to dinerentiate leuconostocs fiom 

lactobacilii sînce they may both show coccobacillus shape. The chah Iength of 

leuconostocs varies with strains (up to 20 cellskhain). This may generate a problem when 

quantifjing ce11 concentrations by plating on agar plates since the actual number can be one 

order higher than the wlony forming units visualV:ed on the plates. During an investigation 

of a Lc. niesenieroides strain in rnilk, the chahs of celIs were successfùiiy dismpted 

mechanicaliy using an Ultra-~urrôu' T25 homogenizer for 30 seconds at 20,000 rpm 

before the ce11 suspensions were plated on agar medium (Bellengier et al., 1997). 

Leuconostoc species are not able to hydrolyze arginhe (Schilhger and Lucke, 

1987) and thus can be dserentiated fiom most heterofermentative lactobaciili. Lc. 

mesenteroides can produce a characteristic slime of dextran from glucose and its 

production is favored by growing at 20-25°C (GaMe, 1986). U d i e  lactobacilii, this 

organisrn does not like very low temperatures. The growth temperatures of Ieuconostocs 

normally range from 10 to 37°C with the optimum at 20-30°C (Gawie, 1986). 



2.2.3. Biochemical Identification of Spoilage LAB 

A presumptive identification scherne was developed by Schillinger and Lucke 

(1987). (Figure 2). The Gram-positive. catalase negative, non-spore forming cocci or rods 

isolated kom meats were k t  tested for CO, produccion fiom glucose 

(heterofermentivity). Gas (CO3 production was observed in MRS broth (citrate omitted) 

containing inverteci Durham viais. Positive strains were M e r  tested in arginine hydrolysis 

broth. Arginine test-negative cocci were leuconostocs. Arginine test-negative rods or - 
positive organisms were heterofermentative IactobaciLii. Rods not producing gas were 

homoferrnentative lactobacilli and cocci couId be Pediococcus, Lactococcus, 

Streptococcus or Enterucoccus spp. (Schiiiinger and Lucke, 1987). 

Further separation of these Lactobaciilus and Leuconosfoc isolates into species can 

be done by using the API 50 CHL identification system @ioMerieux S 4  Marcy-17Etoile, 

France). The API 50 system provides 50 microtubes each containing an anaerobic zone 

(the tube portion) for sugar fermentation study and an aerobic zone (the cupule portion ) 

for the study of oxidation and assimilation. Anaerobic conditions can be achieved by 

overlaying the cupule portion of the microtubes with sterile mineral oil. Forty nine tubes 

(plus one as control) contain defmed amounts of difEerent lyophilized carbohydrates or 

their derivatives. A sophisticated identification table with computerized database can be 

used for species determination (Instruction manual, API 50 CHL, bioMeneux SA France). 

2.2.4. Media for DSerential Enumeration of Spoilage LAB 



Lactic acid bacteria: 
Gram-positive, catalase negative 

I 1 

Gas fiom glucose 

Cocci Rods 1 
Homofermen ta tive 

Lach bacillus 
I 

Pediococcus 
Cocci or 

coccoidal rods Rods 

Heterofermentative 

Lactobacillus 

Figure 2. Differentiation scheme for lactic acid bactena isoiated from meats. lO0C: growth at lO0C; 4S°C: growth at 4S°C; 
6.5% NaCI: growth in presence of 6.5% NaCI; aqinine: hydrolysis of aqinine; lactate: production of lactate; D: the D-lactate 
isomer recorded makes up 90% or more of the total lactic acid; DL: 25-75% of total lactic acid are of the L-configuration. 
(Schillinger and Lucke, 1987). 
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Although de Man-Rogosa-Sharpe ( M U )  agar and AH Purpose Tryptone (APT) 

agar are both widely used for cultivation and enumeration of LAB (deMan et al.. 1960; 

Evans and 195 1). special media have been developed which enable differential 

enumeration of these microorganisms. 

2.2.4.1. lMRSD medium 

Although homofementative lactobacilli and leuconostocs are major spoilage L N 3  

found in vacuum-packaged cooked meat products, Peaïococcus spp., especially when 

inodated as starter cultures. can be present in significant numbers in sausages (Holley et 

al., 1988). It was observed that pediococci may dominate in sausages where glucono-delta- 

lactone was added in the formulation as an acidifier (Holley et ai., 1988). The MRS 

differential medium W S D ) ,  used for dzerential enumeration of pediococci and 

lactobacilli (ieuwnostocs) was developed based on the fact that pediococci more readily 

utilize arginine when the glucose source is depleted (Holley and Millard, 1988). 

It is welI known that pedioccoci are capable of arginine hydrolysis (Sharpe et al., 

1 966). However, most heterofermentative lactobacilh and a few homofementative 

lactobacilli such as L. sake are also able to utilize arginine in the absence of fennentable 

sugar (SchiUinger and Lucke, 1986). By optimizing the formulation (with 1% (w/v) 

glucose and 0.1M L-arguiine HCI with 0.0025% (wh) phenol red as the pH indicator), the 

lactobacilli were discourageci fi-om arginine utilization and the alkalinity generated reflected 

the presence of pediococci only (Holley and Millard, 1988). The hydrophobie gnd 

membrane filter (HGMF) system was adopted to avoid the arnbiguity generated by color 
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diffision from the colonies into the agar (Entis and Boleszczuk 1986). 

Like MRS medium, the MRSD medium onty supports the growth of lactic acid 

bacteria. Mer one hour's staining with bromocresol purple, al1 the Pediococcus species 

appear blue and lactobacilli and leuconostocs appear green on the hydrophobic grid 

membrane (Holley and Millard. 1988). 

2.2.4 2. MS medium 

M5 medium was derived by Zuniga et al., (1 993) f?om the homofermentative- 

heterofementatbe differential (HEID) medium developed by McDonald et al. (1 987). The 

mechanism of differentiation was based on the fact that heteroferrnentative LAB reduce 

a portion ofhctose to mannitol in addition to producing CO, lactic acid and acetic acid 

when hctose  is the sole carbohydrate source. In contrast, homofermentative LAB oniy 

produce two mol of lactic acid fiom fermentable hexoses including h a o s e  (McDonald 

et al., 1987). The larger amount of acid produced by homofermentative LAB causes a 

color change in bromocresol green, the pH indicator. In HHD broth tests, broth inoculated 

with homofermentative LAB was green while the sedirnented cells were blue. Broth 

inoculated with heteroferrnentative LAB was blue while the cells were white (McDondd 

et al., 1987). 

Zuniga et al. (1993) found that some LAB, including spoilage organisms, did not 

grow on HHD agar and some LAB generated aberrant results. By altering the composition 

of HHD medium (adding L-cysteine HCi, MgSO, and MnSOJ to favor the growth of the 

spoilage LAB, they developed M5 agar. Zuniga et al. (1993) also pointed out that 



2 1 

heterofermentative LAB can increase acid produaion under aerobic conditions because 

in the presence of O, h a o s e  is not necessarily reduced to mannitol and a greater amount 

of acid can be produced and yield aberrant results (Condon, 1987; Zuniga et al., 1993). 

Incubation of M5 plates under strict anaerobic conditions is necessary to improve the use 

of fnictose as an electron acceptor by heterofermenters. 

Assays of the LAB strains indicated that al1 the homofementative LAB formed 

blue colonies while heterofennentative strains produced white colonies on M5 agar. The 

tirne required to observe the test results was strain-dependent. Most mains grew in less 

than 7 days to give acceptable results (Zuniga et al., 1993). 

On this medium, both L. cwvatm and L. sake strains forrned blue colonies and Lc. 

mesenteroides appeared white. This enabled direct isolation and differentiation of LAB 

fiom spoiled mats  in my current research work. 

2.2.5. Factors Affecthg the Growth of Spoilage LAI3 

2.2.5.1. Temperatures 

The LAB dominating in the spoilage of vacuum-packaged cured meat products are 

psychrotrophs. Therefore, they can grow reasonably weU at low temperatures. Many 

strains of L. curvu~us and L. sake are able to grow at 24°C (Kandler and Weiss, 1986). 

Lc. mesenteroides can grow at temperatures ranging 6om 1 0 to 3 7 " C (Garvie, 1 986). 

The minimum, optimum and maximum growth temperatures of ropy slime- 

producing LAB able to spoil vacuum-packaged cooked meats were determined using a 

temperature-gradient incubator (Korkeala et al., 1990). It was found that the minimum 
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growth temperatures of the lactobacilli saains were below - 1 OC. while the minimum 

growth temperature of the spoilage Lc. mesenteroiides strains was about 4" C. It seems the 

laaobacilli can tolerate lower temperatures than leuconostocs. The optimum temperature 

for spoilage LAB is around 30°C and the maximum growth temperature is below 40°C. 

From the r d t s ,  it also seems that the maximum growth temperature of lactobacilii is not 

a stable character because some thermo-resistant isolates were able to grow at a higher 

temperature than th& parent strains (Korkeala et al., 1990). From the latter study it was 

show that aIl the spoilage lactobacilli were able to multiply on MRS agar at temperatures 

below 0°C. Therefore, low temperature storage itself cm not totally prevent the evenhiai 

spoilage of vacuum-packaged cooked meat products. 

2.2.5.2. pH values 

It is weil known that the spoilage LAI3 are able to produce lactic acid and/or acetic 

acid dunng the sugar fermentation, which is also a key advantage for these organisms, 

enabling them to dominate in mats by suppressing other cornpetitors. 

Lactobacilli are aciduric. The optimal pH usuaiiy ranges nom 5.5 to 6.2. Growth 

g e n d y  occurs at 5.0 or Iess (Kandler and Weiss, 1986). For Lc. mesenieroides usuaily 

there is no growth at an initial pH of 4.8 but the final pH in gIucose broth can reach as Iow 

as 4.5 (Garvie, 1986). It is difficult to find literature which reports the systematic 

investigation of different pH levels on the growth of spoilage LAB. Dunng storage, the pH 

of aved mats may drop nom 6.0-6.5 to 5.0 -5.3 due to the activity of LAI3 (Borch et al., 

1996). Low pH values such as 4.6 can ody be found when meats are unquestionably 



spoiled (Korkeaia and Bjorkroth, 1997). 

2.2.5.3. NaNO, concentr~tiom 

Lactic acid bacteria are quite resistant to nitrite although nitrite is quite effective 

against other bacteria such as Cltmhdiuum bohrlimrm (Castellani and Niven. 1955). It was 

found that NaNO, had a very lirnited affect on the growth of L. curvahrs, L. saGe and Lc. 

mesenteroides at 50 and 100 ppm but there was an inhibitory effect at a 400 ppm 

(Korkeala et al., 1992). It was also found that leuconostocs were more sensitive to higher 

NaNO, concentrations than hornofermentative lactobacifi. There was no significant 

Merence between the L. sake and L. cirrvaf~s strains in response to the nitrite challenges 

(Korkeala et al., 1992). 

2.2.5.4. NaCl concentrutions 

Lactic acid bacteria are able to grow at high NaCl concentrations. Most of the 

spoilage lactobacilli can h v e  8% NaCI added to growth media (Reuter 1970; Mol et ai., 

1971). Another study showed leuconostocs were more sensitive to increasing NaCl levels 

than homofennentative tactobacilli and that L. curvatus strains were more sensitive to 

NaCl than L. sake (Korkeala et al., 1992). To inhibit the growth of spoilage LAB, 

considerable amounts of NaCl are needed, and these levels are greater than those nomdy 

considered organoleptically acceptable in cooked cured meats. 



Bacteriocins were originally defined as naturally produced peptides that are 

antagonistic to other usudy closely related bacteria. Interestingly, bacteriocins may play 

an important role in the ability of LAB strauis to dorninate in mked populations 

(Klaenhammer, 1988). For example, among the bacteriocins produced by LAB strains a 

high percentage have antilïsterial properties such as nisin (Carolissen-Mackay et al.. 1997). 

Recently, bacteriocins have been tùrther defineci as " a heterogenous group of amibacterial 

curnpounds which are produced by a large and diverse group of bacterial species varying 

in their mode of action, activity spectrum, molecular weight, biochemical properties and 

genetic ongin" (Klaenhammer, 1993). One major mechanism of bacteriocin action on 

target cells has been described as " membrane poration" (Muriana, 1996). Bacteriocin- 

producing LAB have recently received much attention because these organisms are major 

producen of these compounds and have a long history of d e  use in foods either as starter 

cultures or as naturaiiy occurring contaminants. 

Agar spot and weU difision tests can be used for qualitative study of bacteriocin 

production and resistance by using other LAB as indicator strains (Schillinger and Lucke, 

1989). Treatments such as adjusting the pH, addition of catalase and proteases, and heat 

treatment (100 OC for 20-30 min ) have been conducted to validate the presence of 

bacteriocins (Yang and Ray, 1994). Reports in the literature indicated that maximal 

bacteriocin production by L. sake strains occurred at pH 5.0 or lower. i-e., at pH values 

that would not be expected to occur in meats but may be attained in fermented meats. 

Negative effécts of renigeration temperatures (44°C) on bacteriocin production by meat 

LAB were also reported (Yang and Ray, 1994; Buncic et al.. 1997). The feasibility of 



employing in silu-produced bacteriocin to prevent the spoilage of vacuum-packaged rneats 

needs to be M e r  investigated. However, Listeria inhiion by in situ-produced pediocin 

from a genetically rnanipulated Pediococcus strain during dry fermented sausage 

production has been reported (Foegeding et al., 1992). 

2.2.5.6. Other factors 

Other factors such as liquid smoke and sodium lactate may also be important 

parameters that affect the growth of spoilage LAB. Sodium lactate has been used in the 

meat industry for over 20 years, primariiy for its humectant properties (Reid, 1969). A 

recent study showed that 3 4 %  sodium lactate had a significant inhibitory effect on 

Leuconastoc spp. &er incubating the cooked beef at O OC for 56 days (Papadopoulos et 

al., 199 1). However, an astringent taste caused by the high Ievel of sodium lactate is stiU 

a problem to be solved. 

Liquid smoke is a common Uigredient in vacuum-packaged cured meat products. 

This material has ben shown to have bactericidal action (Erdman et al., 1954). However, 

Domeiiy et al. (1982) showed that levels of liquid smoke at twice the recornmended use 

level(6 ozIl00 Ib.) had no significant inhibitory effect on the growth of LAB. 

2.3. Pulsed-Field Gel Electrophoresis for Lactobacillus and Leuconostoc Strain 

Identification 

2.3.1. Strain Characterization of Spoilage LAI3 

A diversity of LAI3 strains may be responsible for the spoilage of cured rneats. In 



an investigation of dry fermented sausages a total of 254 strains of lacto bacilli was isolated 

nom 15 different producers (Hugas et al., 1993). Biochemical characteristics such as 

sugar fermentation profiles can be used for the dserentiation of strains but they usually 

do not allow complete identification. Many straùis share the same biochemical properties 

and sometirnes a strain will lose biochemical characteristics due to environmental 

influence. Spoilage LAB strains such as L. curvatus and L. sake strains are especially 

ditlicult to identify because these organisms can corne fiom quite dflerent environments 

and possess a divenity of biochemical and physiological properties (Kitchell and Shaw, 

1975). 

Since diffierent LAB strains often dorninate in different instances of meat spoilage, 

a variety of phenotypic and genotypic methods have been investigated for LAI3 strain 

identification. Dykes et al(1995) studied LAI3 from processed spoiled cured meats using 

analysis of the cellular fatty acid composition patterns and found that this technique was 

able to distinguish these bacteria within but not between genera. Garver and Muriana 

(1993), and Holley et al.(1996) used the SDS-PAGE pattern of ceii surface proteins to 

idente LAI3 but found it not practical for strain identification. Garriga et al. (1996) used 

electrophoretic patterns of plasmid DNA to identify L. suke strains which dominate during 

dry sausage production but it is not applicable to those LAB which do not contain 

plasmids. Bjorkroth et al. (1996) applied the techniques of randornly amplified 

po lymorpbic DNA (RAPD) and pulsed-field gel electro phoresis (PFGE) of restriction 

endonuclease-digested genornic DNA to characterize a large number of ropy and non- 

ropy slime producing L saGe strains. It was found that the PFGE of DNA digests had the 



greatest discriminatory power for strain identification (Bjorkroth et al., 1996) 

2.3.2. PFGE Analysis of Spoiiage LAB Strains 

Pulsed-field gel electrophoresis (PFGE) consists of three unique techniques: intact 

genomic DNA purification, in-sifu restriction endonuclease digestion and pulsed-field 

separation. 

2.3.2- 1. Theos> of puked-field separutibn of large DNA molecules 

Electrophoresis techniques developed in the las? 60 years have allowed very 

effective separation of proteins and nucleic acids on the basis of molecular weight. 

However, conventionai DNA electrophoresis is only effective to separate DNA fragments 

smaller than 20 kilo-base pairs (kb) long (Smith and Cantor, 1987). A piece of DNA 20 

kb long only represents about 1% of the typical genome size of the LAB (Tanskanen et al., 

1 WO), which means if we digest the genornic DNA into fiagrnents smder than 20 kb to 

set up the electrophoretic profiles, there wiiI be hundreds of dflerent bands on the gel and 

it will be dinicult to interpret. Therefore, low Eequency restriction endonucleases are 

introduced in the DNA digestion. These "rare cutters" usudy recognize specific 6-base 

or 8-base sequences instead of 4 base sequences (Farber, 1996). M e r  digestion one ends 

up with a small number (5 to 20) of very large and well-resolved fragments, typicaiiy 

ranging from 10 to 800 kb. The development of PFGE dows one to work with DNA 

fragments from 100 to 4 x  106 base pairs (bp), which generates a reduced number of 

electrophoretic bands (macrorestnction analysis) which are more manageable for 



comparative purpose. 

In conventional gel electro p horesis, charged molecules are sieved through an 

agarose or polyacrylamide matrix under a iked electncal field. The larger molecules 

expenence greater fiichonal resistance in spite the fact that they possess greater electncal 

charge. The net effect is that the smail molecule moves fister than the large ones in the 

gel mai&. The gel matrix has a wide range of pore sizes. S m d  molecules wiil fit through 

most pores and thus cm travel through the gel easily, but large molecules will be unable 

to enter most pores and will have to travel via a circuitous and much longer route (Smith 

and Cantor, 1987). Thus, the net translational velocity d l  be much smder. Agarose is 

chosen for DNA fragments above the size of 500 bp because it has large pores. 

Polyacrylamide is used for the size range of one to 700 bp because it has a smalier pore 

size (Smith and Cantor, 1987). 

Usually it is not possible for DNA fiagrnents larger than 20-25 kb to be separated 

by conventional gel electrophoresis because the molecules are larger than the pore sizes 

(Farber, 1996). However, it is known that the double-stranded DNA molecules are 

sp herical Gaussian coils. Therefore they cm travel through the agarose gel matrix by 

deforming their shape in order to pass through the pores (Figure 3, a). Under a constant 

eIectricd field, the molecules aiways travel dong their axis like the rnovernent of snakes 

(Levene, 1992). Because the fnctional pull exerted per unit Iength of DNA is 

predetermined and almost evedy distributed when the long molecules go through the 



(a) Normal 
gel 

Figure 3. Separation of DNA by ordinary and pulsed- field gel electrophoresis. (Smith 
and Cantor. 1987). DNA molecule traveling under standard electrophoresis is oriented 
parallel to the field (a). DNA traveling under pulsed-field is forced to spend most of its time 
reorientinç itself perpendicular to its long mis (b). 
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pores, the velocïty of the tiagments will be independent of size, ie.. ail the large molecules 

have the sarne speed along the field direction and no fiactionation can be achieved (Smith 

and Cantor, 1987). 

2.3.2.1.2. Mimation of DNA moIecules in PFGE 

In the PFGE technique, especidy some newly developed revisions, a homogenous 

electrical field is applied alternately in two directions at an angle of 120" with the 

hexagonally arrangeci electrodes (F@e 4). It is also referred to as "pulsed field". Changes 

in field direction force DNA molecules to altemately orient themselves in two directions. 

M o l d e s  travehg along the DNA axis have to deform themselves to fit in another field 

direction applied at 120' to the original axis. The field changes again so the DNA 

m o l d e s  are forced to adjust themselves to a new field orientation and travel in a winding 

way under this pulsed electrical field (Figure 3, b). The tirne spent in each field direction 

is called pulse duration or pulse time. If the pulse duration is too long, there wiil be more 

than enough t h e  for the DNA molecules to reonent themselves and then travel in the 

manner of conventional electrop horesis. T herefore, no size fiactionation will occur. If the 

pulse duration is too short, the molecules wiil have no time for reorientation and h d  

themselves traveling under a net field with the direction between the two altemathg 

electrical fields. Again there will be a conventional electrophoresis and no separation can 

be achieved (Smith and Cantor, 1987). However, at intermediate pulse duration, DNA 

fragments will spend most of their tirne reorienting and effective size fractionation will 

occur because the time allowing one molecule to reonent itself in the gel matrix from one 



Figure 4. Two different fields are applied in the Gene Navigator system. using the 
hexagonal electrode arrangement. (User Manuai. Gene Navigator System, Pharmacia 
Biotech AB. Uppsala, Sweden.) The figures show isofield lines and the arrows show the 
field direction. (a) Nonhl South field; (b) East/ West field. 



field direction to the other depends on its size (Figure 5). 

The pulse duration usudly ranges from 0.1 second to 200 minutes depending on 

the size of the DNA fkagrnents. The run tirne, Le., the tirne of the altemating field 

application in a certain pulse duration pattern can be severai hours (Meng et al., 1995). 

Generaiiy the separation of larger DNA molecules needs both a longer pulse duration and 

longer run time. This is because at long pulse durations, short molecules complete their 

reonentation very fast and wiU then move by conventional electrophoresis. Since longer 

m o l d e s  move with lower velocity, a longer run tirne is necessary to achieve satisfactory 

resolution For a set of DNA digests with a range of molecular weights (1-250 kb), usuaUy 

a series of pulse durations and run times will be prograrnrned continuously at one time to 

achieve effective separation of DNA bands in dEerent size ranges. For example, one 

program can be: 0.3 second pulses for one hour; 0.5 second for one houq 0.7 second for 

one hou? 2 seconds for 5 hours and 4 seconds for 6 hours (Bjorkroth et ai., 1996). 

A quantitative understanding of the effects of rapid field changes on the mobility 

of DNA molecules remains largely incomplete due to the relative simplicity of the models 

used to descnbe gel electrophoresis. There are several dinerent statistical-mechanical 

theones for the gel electrophoresis of DNA and their application to the analysis of PFGE 

expenrnents (Levene, 1992). These will not be further discussed here. 

With the PFGE technique, genomic DNAs of Lactobacillus and Leuconustoc 

strains digested by SmaI can be clearly mapped on agarose gels (Bjorkroth et al., 1996; 

KeUy et al., 1995). Even intact chromosomaI DNAs of yeast and the malaria parasite 

P-odrum falcpawm which are several million bp long, can be successfully separated 



(a) fast 

(b) intermediate 

(c) slow 

Figure 5. The efféct of pulse durations on the seParation of DNA molecules. (Smith and 
Cantor, 1987). When the pulse duration is too short, the molecules travel straight under the 
average electric field and yield results s i d a  to conventional electrophoresis (a). When the 
puIse duration is too long, the DNA molecules cornpletely reorient thernselves and then 
travel dong their avis by conventional electro phoresis, still no separation can be achieved 
(c). At intermediate pulse duration the molecules spend most of their tirne reorienting 
thernselves, therefore successFul fractionation occurs (b). 



using this technique (Kemp et al., 1985). 

2.3.2.2. Puriifiation of intact bacterial genome 

Conventionai DNA preparative procedures are carried out in solution. If the cells 

are intact, the ceil suspensions wiii be fim treated with appropriate enzymes to remove the 

walls. The resulting spheroplasts or protoplasts are then broken with detergents and 

EDTq a metal chelator. This produces a complex mass of proteins, DNA and RNA 

(Smith and Cantor, 1987). RNase is added to get rid of the RNA which may affect the 

resolution of the final eltxtrophoresis pattern. Proteins are degraded by proteases. Usuaily 

hese procedures wili be repeated several times to get clean DNA preparations. It is also 

very important that in each step the sarnples are not exposed to DNases except for the 

endogenous ones. 

Further manipulation usually involves washing samples by centrifugation and 

transferring by pipetting. These handling methods always break DNA molecules into 

random pieces less than 106 bp long. This is acceptable for ordinary preparations because 

subsequent standard molecular techniques usually involve wo rking wit h DNA fkagments 

less than 20 kb long (Smith and Cantor, 1987). However, it's critical for the PFGE to get 

essentially intact genomic DNA. 

h order to work with intact DNA molecules, one must prevent the shear darnage 

that occurs readii in solution procedures. Recently a new and simple technique has been 

developed which involves purifjing genomic DNA f?om fkeshly grown cells held in solid 

agarose blocks. These latter are also caiied "inserts7'or "pIugs"( Smith and Cantor, 1987). 
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in the k r t s ,  the DNA is protected from shearïng damage because the long fragile DNA 

moleailes are immobilized in the agarose gel rnatlix upon its release from the cell. It is very 

easy to handle in this state without rnechani~d darnage. Small molecules can move in and 

out of the gel matruc fkeely so the Ni situ-DNA purification and digestion are feasible. 

In the PFGE anaiysis of Lactobacii~us and Leuconosiuc strains, suspensions of L. 

curvatus, L. sake and Lc. mesenteroicies strains at a concentration of - 109 CFU/d are 

incorporated in 1% low melting point agarose gel. There are three reasons for choosing 

low melting point agarose as the fixing materiai. The low melting point agarose has a 

melting point of 62.5 OC and a geiiing point of about 28°C so it is easy to handle without 

the need for great haste and the heat denaturation of the ceU components before enzyme 

treatment can be avoided. The third reason is that its fine structure dlows fiee dithion 

of reagents and wastes. Typicaiiy the inserts are 2x5~10 mm and each insert contains 

about log celis which is equal to about 10 pg of DNA (Smith and Cantor, 1987). Since 1-2 

pg is enough for one electrophoresis cun, one insert can be divided for 5-10 runs. 

Once ceUs are immobilued, the gel inserts are incubated in lysis buffer which is 

used to destroy the ceil wall and then incubated in ESP buffer (Chapter 3). Intensive 

washes are conducted to obtain very clean intact DNA The ESP buffer is a powemil 

reagent which removes ce11 proteins. In some PFGE protocols the lysis procedure is even 

ornined and ce11 inserts are only treated with ESP buffer (Farber, 1996). 

2.3.2.3. Restrictim endomcIeme digestion of intact DNA molecules 

AIthough the intact chromosomes of bactena are only 0.75-20 Mb, they do not 



migrate in any electrophoresis system due to their Qrcular topology( Smith and Cantor, 

1987). Therefore, the fragmentation of the big DNA molecules into a convenient number 

of linear DNA pieces is a necessaiy prerequisite for analysis of the bacterial genorne. Rare 

cutting restriction endonucleases, which cut DNA inûequently at specific sequences are 

used to generate DNA kagments in the optimal size range for PFGE . Moa restriction 

endonucleases have 4- or 6-bp recognition sequences. For example Sm1 will recognize 

5'-CCC i GGG-3' and cut between C and G. For the Iactobacilli and leuconostocs, W C  

represents around 43%(r50%) of the total genorne bases (Kandler and Weiss, 1986), 

which means an endonuclease recognizing oniy GC sequences such as Sm1 will 

theoreticdy cut the DNA more infrequently than other restriction enrymes (Tanskenen 

et al., 199 1). This is the reason why Sm1 is widely used for the PFGE analysis of these 

organisms. Simple statistics shows thai, if the four different bases are randomly distributed 

in the DNA chah, SmaI wiil cut the DNA at every 46 (4096) bases ( Farber, 1996). That 

means about 500 bands wiil be generated. However only 5-20 bands can be created since 

the four bases are organized in the DNA chah according to the genetic nature of the 

organism. If the restriction enzyme NotI which recognizes 8-base sequences is used, less 

than 10 bands d appear on the gel (Kelly et al., 1993). Sometimes it is easier to interpret 

results with fewer bands. When a single enzyme is unable to differentiate dl the strains in 

a test group, other enzymes may be applied and satisfactory results cm be obtained by 

combined interpretation (Bjorkroth et al., 1996). In fact, many studies have show that 

bacterial stmins which cannot be distinguished by PFGE are not likely to show substantial 

differences when tested by other typing methods (Tenover et al., 1995). 
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TO continue the protocol, the inserts stored in ESP buffer are cut hto 1 x 2 ~ 5  mm 

slices. Slices are washed in TE buffer (Chapter 3) containing 0. I mM 

phenylmethylsulfonyl fluoride(PMSF). PMSF is a protease inhibitor (Farber, 1996). It is 

used to inactivate proteiriase K and prevent interference with the subsequent endonuclease 

digestion . Slices are then washed in endonuclease buffer. Intense wash steps help to get 

very clean gel slices and ensure the optimal activity of the enzyme in buf5er. A restriction 

endonuclease such as SmaI is added and the samples are incubated at appropriate 

temperatures for the s p d c  enzymes. The digested DNA samples then can be washed in 

ES and ESP b a e r  (Chapter 3)again and stored at room temperature for several months. 

2.3.2.4. PFGE separation proceakrre 

The slices now can be loaded into the running gel dot. The r u d g  gel is made 

fiom 1.2-1.5% (w/v) agarose dissolved in 0.5 xTBE buffer (Chapter 3). Samples are 

electrophoresed through the gel for a programmed tirne at 200V and 14°C in a PFGE 

system with a hexagonal electrode. Afier electrophoresis the gel is stained with ethidium 

bromide and visualired under UV Light. Ethidium bromide is used as the stain because it 

can intercalate between the bases of nucleic acids and flouresces when it is exposed to W 

Light. It is widely used to resolve the fragments for photography and it should be handled 

with caution because it is a carcinogen (Tenover et al., 1995). 
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Pulsed-field gel electrophoresis is one of the key advances in the past 15 years in 

molecular bioloflevene, 1992). It cm separate very large DNA molecules in an agarose 

gel that cannot be separateci by conventional methods. Separation is based on the fact that 

the reorientation tirne for differently shed DNA molecules under the altemating electrical 

field is different. By applying appropriate pulse durations and mn times, successfiil 

fiactionation of a range of DNA with different sizes can be achieved. 

The PFGE technique also involves the in-siru purification and digestion of intact 

DNAs which is quite difEerent fiom that in standard molecular rnethods. The purpose of 

PFGE d y s i s  is to distinguish individual strauis of microorganisrns by their macrocleavage 

patterns. That is to Say, any breakdown of the DNA molecules other than by restriction 

endonuclease digestion is undesirable and wiii yield fdse information. Therefore, 

purification and restriction analysis of intact genomic DNAs are carried out in low melting 

point agarose gel insexts which wül not cause undue physical shearing to the DNA 

molecules. The infiequent cutting restriction endonucleases are chosen for the analysis 

because these "rare cutters" cm generate a convenient number of fragments. An 

endonuclease is considered powefil if it is able to create a maximum number of band 

differences among the bacterial strains under test. 

A variety of studies have indicated that effective strain differentiation can be 

achieved by PFGE analysis. This technique is becorning a powertùl tool for 

characterization of strains of spoilage organisms and also for the epidemiological study of 

food pathogens. In the battle with cured rneat spoilage, before a proper inhibitory system 

can be designed, it is important to understand factors which influence dominance of 
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spoilage strhs among the background microflora present. Varying gowth conditions in 

labontory tests wili be used in conjunction with testing in special meat formulations to 

obtain a better understanding ofreasons for the dominance of specific organisms and their 

abiiity to compete sucwssfllly in package environments. PFGE can be used as a powerful 

tool to trace the growth ofsingie organisms in mixtures where bacteria are phenotypicaily 

(bioc hemically) similar. 



CHAPTER 3 

MATERIWLS AND METHODS 

3.1. Materiais 

3.1.1. Meat Samples 

S poiled vacuum-packaged sliced ham samples (Smoked Pepper Loaf) which 

showed the presence of purge, were contained in a loose or "blown" package or contained 

slime were obtaùied fkorn a local supemarket. Spoiled vacuum-packaged comed beef 

samples exhibiting slirne were supplied by an Ontario meat manufacturer. 

3.1 -2. Bactenai Strains 

S trains No. 1, 3, 5, 6, 9, 1 O 1 1 , 13, 14 and 15 were isolated frorn retail meats 

(Holley et al., 1996). Strains C, R, CBLb 1, CBLb2, CBLb3, CBLcl and CBLc2 were 

isolated fiom spoiled commercial meat samples in this study. Strain No.23 was fiom the 

DSM culture collection, Germany. Strains No.33 (ATCC 23386), No.34 (ATCC 1552 1) 

and No.35 (ATCC 2560 1) were purchased from American Type Culture Collection ( 

Rockville, MD). 

Among the strains which were used Ui this study, No.3, 5 ,  10, 15, 23, 35 and R 

were L. cu17ratu.s; N0.6, 9, 14, 34, CBLb 1, CBLb2 and CBLb3 were L. sake; No. 1, 1 1, 

13, 33, C, CBLc 1 and CBLc2 were Lc. mesenteroides. 



3.1 -3 .  Chemicals ( Appendix 1 ) 

3.1 -4. Media and Reagents (Appendk 2) 

3.1 S. Supplies and Instruments (Appendk 3) 

3.2, Methods 

3 -2.1. Strain Isolation 

Spoiled meat samples were coilected £tom a local supermarket and a national 

rnanufirchirer. For vacuum-packaged sliced ham, 1 1 g of meat were taken aseptically fiom 

the surface slices. When whole pieces of meat such as corned beef were analyzed, a 

stainless steel core device and a knife were employed to cut out 11 g (about 30 cm3 of 

SUCfàce meat with 2-3 mm in thickness (avoidig fat). For the samples possessing slime, the 

s h e  was collected and analyzed separately. The information on the meat package was 

recorded for later reference. The meat was then mixed with 99 ml peptone water (O. 1% 

trypticase peptone) in a stomacher bag and massaged for about 1 min (Stomacher lab- 

blender, mode1 400, Seward Laboratory, London, UK). Decimal dilutions were made using 

99 mi dilution bonles with peptone water. Dilutions were plated on M5 agar plates using 

a surface spread-plating technique and incubated anaerobically at 25°C for 48 h. 

For MRSD agar plates, the hydrophobic grid membrane filter (HGMF) technique 

was used. A sterile HGMF filter (QA Labs Ltd., Toronto) was placed in a stenle HGMF 

filtration tower and was fixed using a clamp. Thirty to 40 ml of peptone water was flushed 

down f?om the top of the tower to nnse the metal prefilter and the membrane filter. One 

ml of the sample dilution was pipetted into the peptone water in the top opening of the 
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tower. A vacuum was applied to draw the remaining peptone water from the top into the 

small chamber of the filtration tower. Some more peptone water was used to flush the 

metai wire net of the tower and a vacuum was applied later to remove al1 the liquid tiom 

the membrane filter. Then the membrane was transferred aseptically onto the surtàce of a 

pre-dried MRSD agar plate. After incubation, the filter membrane was post-stained with 

0.4% (w/v) bromoscresol purple to show color dserences in colonies. 

Plates were incubated anaerobicdy in jars using GasPak@ CO, atmosphere 

anaerobic system with an anaerobic indicator at 25°C for 48 hours. Plates with an 

appropriate number of colonies (30-300) were counted using a dark field colony counter. 

3 -2.2. Strain Identification 

Colonies on MS and MRSD were examined by color and transferred into 50 ml 

MRS broth. The flasks were labeled and incubated at 25 OC ovemight. Each isolate was 

subcultured twice and preserved at - 80°C following standard procedure (Appendix 4). 

3.2.2.1. Gram test 

The Gram test was performed according to Gregersen (1978). One drop of 3% 

KOH was placed on a piece of microscope slide. One colony was picked up using a 

platinum loop and mked with the KOH solution. m e r  several minutes, the mixture was 

examineci using the loop to check for ropiness. A positive result (ropiness) indicated that 

the organism was Gram negative. 
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3.2.2.2. Catalase test 

One drop of 3% H202 was mixed with the colony under examination on a 

microscope slide using a platinum loop. Gas (03 production on the slide was recorded as 

a positive result for catalase (Hamgan and McCance, 1976). 

3.2.2.3. CO, production test 

One iiter of CO, production test broth was prepared according to the formula and 

brought to a boil to dissolve completely. Ten rnilliliters of broth were dispensed in each test 

tube containing inverted Durham viais. Mer autoclaving and cooling, tubes were 

inoculated with the pure culture under examination and incubated at 2S0C anaerobicaily 

for 2 days. Gas trapped at the top of Durham vids represented a positive result (Schillinger 

and Lucke, 1987). 

3.2.2.4. Arginine utilization test 

One liter of arginine hydrolysis test broth was prepared according the standard 

fomulation (Schillinger and Lucke, 1987). The broth was dispensed 10 ml per test tube 

(18x150 mm). After sterilization by autoclaving, the broth tubes were inoculated with pure 

culture and incubated at 2S°C anaerobically. The result was exarnined after 3, 5 and 7 days 

respectively. For the examination, 2 drops of culture supernatant and 2 drops of Nessler's 

reagent were mked on a microscope slide and a color change fiom yellow to orange was 

concluded to be a positive result. 
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3.2- 2.5- Sugar f e m n t a  f ion tests 

MRS broth without glucose and beef extract was prepared and dispensed 10 mi per 

tube (18x150 mm) with screw caps and autoclaved. Test sugars (0.5% of each of 

trehalose, rnelibiose, maltose, arabinose and amygdalin separately) plus 0.0 1% bromocresol 

green were Glter sterilized and added to the broth. Tubes were inoculated with test strains 

and incubated anaerobically at 25'C. The tubes were examined after 2 and 4 days. A color 

diange of the broth eom blue to yellow was regarded as positive (Schilhger and Lucke). 

3.2.2.6. API 50 CHL test 

The cultures being tested were grown in MRS broth up to the logarithmic growth 

phase. The d s  were then washed twice in sterile saline by centrifugation at 10,000 x g for 

20 min. The cell suspension was spectrophotometrically calibrated between 0.5 and 0.7 

using the McFarland standards (Finegold and Martin, 1982) and inoculated into the API 

50 CHL medium according to the commercial instruction @io Merieux S 4  Marcy-1' Et oile, 

France). The inoculated medium was then distributed into the 50 tubes on the test stnps. 

Anaerobic conditions were created by overlaying ail the tubes with sterile mineral oil. The 

prepared trays containing the test stnps were incubated at 30°C for 48 hours. The ability 

of the strains to use the carbon sources was detennined on the basis of the color change 

in bromocresol purple, f?om purple to yellow. For the esculin test (tube No.25), a change 

fiom purple to biack was observe. in positive reactions. Readings were taken afkr 3,6, 24 

and 48 houn. Mer the fermentation profiles were determined, the strains were identified 

to species using the comrnercially provided identification table. 



3.2.2.7. PuLsed-fieliigel electrophorresis (PFGE) miafysis oj Smal digested genomic DNA 

3 -2.2.7.1. Genomic DNA in situ ~urification 

For PFGE analysis of Lactobacillus and Lxuconostoc strains, the L. cunatus, L. 

sake and Lc. mesenteroides cultures were incubated in MRS broth at 27°C for 48 hours. 

Cells were washed in 50 mM N+EDTA (pH 7.5) buffer by centrifugation and 

resuspended in the same solution. Two mi of ce11 suspension and an equai volume of 

2%(w/v) low melting point agarose gel were equilibrated to 42°C and mixed together. The 

mixture was pipetteci into the insert molds and allowed to set at 5°C. Typicdy the hserts 

were 2 x 5 ~  10 mm in diension and one insat could be sliced and provide enough matenal 

for 5- 10 runs. 

Then the gel inserts were transferred to sterile ernpty glas test tubes (18x1 50 mm). 

A lysis buffer (pH7.6) containing 6 mM TrisHC1, 100 mM NqEDTA, 1 M NaCI, 0.5% 

sarkosyi, 10 Ulm1 mutanolysin., 1 mghl  lysozyme and 20 @mi RNase was added to the 

gel inserts. Inserts were incubated at 50°C ovemight with gentle shaking using a controlled 

environment inaibator shaker (Lab-Line Instruments, Inc., Melrose Park, IL) and the lysis 

was repeated again at 37°C. Tramferring of liquid into and out of the tubes was done by 

sterile syringes fitted with needles. 

M e r  lysis the waste b a e r  was poured off and 3 ml of ESP buffer (containing 0.25 

rnM NsEDTA, 1% sarcosine and 0.5 mgmi proteinase K) were added. Tubes were 

incubated for 2 days at 37°C. After incubation the finally purified intact genomic DNA 

sampIe c m  be stored at 4OC with the ESP buffer indefinitely. 



lease d'%est 3.22.7.2. Restriction endonuc 1 ion of intact DNA moiecuIes 

The inserts stored in the ESP buffer were cut into 0 . 5 ~ 2 ~ 5  mm slices. This step 

was perfonned on ice to get symmetnc slices using sterile razor blades. Slices were 

transferred to sterile Eppendorftubes. Slices were washed in TE buffer (10 rnM TrisHCl 

and 1 m M  NqEDTA) containhg 0.1 rnM phenylmethylsulfonyl fluoride(PMSF) for 12 

hours at 25OC and the wash was repeated once. 

Slices were again washed in TE buffer at 25°C for 2 hours and the wash was 

repeaîed twice. Then the slices were washed in 0.5 ml endonuclease buffer ( 450 pl sterile 

deionized water, 50 pl restriction endonuclease 10 xbuffer and 5 p1 acetylated bovine 

semm alburnin) at 25°C for 15 minutes and this was repeated twice. 

Ten to 20 units of SmaI: were added to each tube and tubes were incubated 

overnight at 30°C. Slices were then washed in ES buffer (ESP buffer without protehase 

K) for 2 hours at 50°C and then in ESP buffer for 2 hours at 50°C. 

3.2.2.7.3. PFGE se~aration ~rocedure 

About 2.5 liters of 0.5 xTBE buffer (45 mM TrisHCI, 4.5mM boric acid, pH8.3 

and 1 mM N a D T A )  were prepared and poured into the buffer tank of the Gene 

Navigator equipment. The refngerated water bath and the pump on the buffer tank were 

turned on to pre-chi11 the buffer. The water bath was set at g0C so that the temperature 

in the electrophoresis unit (buffer tank) remained at 14°C. 

About 1.65 grams of agarose specially made for PFGE were added to 1 10 ml of 

sterile 0.5 xTBE b&er and were dissolved by gentle heating in a 90°C water bath. When 
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the gel was cooled to about 70°C. it was poured into the nibber frame sitting on the gel- 

supporting tray. A 1 mm thick plastic comb with 25 teeth was inserted in the agarose and 

arranged to sit towards one side of the gel. After 30 minutes, the rubber &une was 

removed and the comb was gently puiied out fh t  by one side then the other. The digested 

sample siices and one s lice of size standards (Pulse marker, 0.1 -200 kb, Sigrna)were Ioaded 

into wells of the running gel. The weUs were then sealed with 42OC low melting point 

agarose gel ( 1 %(w/v)). 

The gel supporting tray holding the gel slab was then immersed in the 

eIectrophoresis buffer in the tank. The sarnples were electrophoresed through the gel 

following a programmed pattern (pulse duration at 0.3 second for 1 -5 hours; 0.5 second 

for 1.5 hours; 0.8 second for 2.5 hours; 2 seconds for 3.5 hours; 5 seconds for 4 hours and 

10 seconds for 5 hours) which was generated and stored in the GN controiier. The 

program was run at 200V in the Gene Navigator system equipped with a hexagonal 

electrode. Mer electrophoresis the gel was stained in 0.5 p g h l  ethidium brornide solution 

for 30 minutes and then visualized under W Light through a Gel Doc 1000 system or 

photographed using Polaroid 667 film using a Polaroid MP4 Land carnera. 

3 -2.3. Test of Bacteriocin Production and Resistance 

3.2.3.1. Agar spot test for bacteriocin screening 

In this test, 0.5 pl of cultures grown at 25OC for 18 h were spoaed in an equidistant 

manner ont0 MRS agar plates (with surface pre-dried) and incubated ovemight at 25°C. 

Four strains were tested in one plate. Plates were then overlaid with 5 ml of MRS soft agar 
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(0.7% agar) hoculated with 20 pl of the potential indicator strain (Schillinger and Lucke, 

1989). The soft agar contained 1 % morpholinoethane sulphonic acid (MES) to act as a 

buffer agent and the pH was adjusted to 5.4 before autoclaving (Buncic et al., 1997). 

Plates were examined d e r  24 h incubation at 25°C for the presence of colonies 

surrounded by clear inhibition zones. Twenty isolates used as both the testing and indicator 

strains included those lactobadi and leuconostocs isolated from spoiled meat in this study 

in addition to a range of other LAB strains isolated from retail meats (Holley et al., 1 996) 

3.2.3.2. WeYell dzfision test 

Strains showing positive results in the agar spot assay were grown in 50 ml MRS 

broth in flasks at 25°C for 48 hours. After centrifugation of the culture broth, the 

supematant was transferred to 50 ml beakers and subjected to several assays. 

Plates containing 25 ml of MRS agar hoculated with - 10' CFU/rnl indicator strain 

were prepared. Seven weii s were made aseptidy using a cork borer, one in the center and 

s o i  at the periphery. The weii bottom was sealed with soft agar. Fifty pl of original testing 

stralli supernatant were filter-sterilized and transferred to the center well. Equal amounts 

of supematant, treated by: (1) adjusting the pH to 6.5; (2) making a 10 fold concentration 

by fieeze drying; (3)addition of 1 mghi catalase fiom bovine liver; (4) addition of 1 m g / d  

protehase K; (5) addition of 1 rng/ml protease; (6) addition of 1 mg/ml trypsin, separately, 

were filter-sterilized and transferred to the peripheral wells (Kelly et al., 1 993). Plates were 

incubated at 25 O C  for 48 hours. Positive results were recorded when observation of clear 

inhibition zones was made around the w e k  
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3.2.3.3. Mod13ed agur spot test for bacteriocin production c o n ~ t o n  

Strains showing positive results in the agar spot assay were gown in 50 mi MRS 

broth in flasks at 25°C for 24 h. M e r  incubation, 0.5 pl of cultures were spotted ont0 

MRS agar plates and incubated oveniight. Five spots of the same strah were arranged in 

one plate. Five pl of fiIter-sterilized catalase (1 mg/ml), proteinase K (1 mg/ml), protease 

(1 mglml) and trypsin ( 1 &ml) were spotted, respectively, beside 4 of the 5 developed 

colonies (Buncic et al., 1997). The remaining colony was left untreated as control. Plates 

were placed right side up at room temperature for 2 h to allow complete di ision of the 

reagents. Plates were then overlaid with the indicator strain (in soft agar containing 1% 

MES) and incubated ovemight at 25°C. Positive results were recorded when clear 

inhibition zones around the colonies with asyrnmetnc outlines were observed. 

3 -2.4. Individual Inhibitory Factor Study 

3.2. -1, /, Sirazn seleclion 

A modified MRS (MMRS) broth (containing 2.5% NaCI, 100 ppm NaNO, 1% 

glucose, pH 6.0 to mimic a standard cured meat formulation) was prepared and 10 ml 

were dispensed into 18x1 50 mm test tubes. M e r  autoclaving, 1 1 Lactobacillus and 4 

Leuconostoc strains in MRS broth were inocuiated into test tubes contaking MMRS broth 

to yield 10' CFU/d. Tubes were incubated at 6'C anaerobically for 2 weeks. After 

incubation, the bacterial levels were quantified by spread plating on MRS agar plates. A 

total number of 6 strains, 2 from each species which showed the most exuberant growth 

were selected for tiirther study. 
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3.2.4.2. Indiv&ai factor test 

Four factors: pH, temperature (combined with incubation tirne), NaCl 

concentration and NaNO, concentration were tested individually for t heir ùihibitory effects 

on test organisms. For each factor tested duplicates were made. Final pH values of the 

broth were measured and senal dilutions were plated on MRS agar for enumeration. AU 

tests were repeated twice. 

3.2.4.2.1. pH values 

Standard MMRS broth (2.5% NaCl, 100 ppm NaNo3 was prepared and divided 

into 3 portions. Then pH values were adjusted to 5.5, 6.0 or 6.5. Ten mi of broth were 

dispensed in 18x1 50 mm test tubes. Mer sterilization, the tubes were inoculated separately 

to yield 10' CFU/ml of each of the 6 strains chosen in the previous test and incubated at 

6°C anaerobicdy for 14 days. 

3.2.4.2.2. Tern~eratures 

Standard MMRS broth was made and dispensed in tubes. Tubes were evenly 

divided into 3 groups. Bacterial strains were inoculated as described before. One group 

was incubated anaerobically at 12'C for 7 days to represent abusive product storage 

conditions. Another group was incubated anaerobically at 6 OC for 14 days to represent 

the normal commercial conditions at retail. The remaining tubes were incubated 

anaerobically at 2°C for 35 days to mimic more desirable storage conditions. 
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3.2.4.2.3, NaCl concentrations 

Standard MMRS broth &out NaCl was prepared and divided into 3 equal parts. 

NaCl was added to the broth to yield 3 levels: 2.5%, 4.0% and 5.5% (w/v). M e r  

steriliration and inoculation as described before, test tubes were incubated anaerobically 

at 6°C for 14 days. 

3.2.4.2.4. NaNO, concentrations 

Standard MMRS broth without NaNO, was prepared and divided into 3 equal 

volumes. N a m  was added to the broth to yield 4 levels: 50 ppm, 100 ppm, 150 ppm and 

200 pprn Mer sterilization and inoculation as described before, test tubes were incubated 

anaerobicdy at 6 " C for 14 days. 

3.2.5. Dominance Test 

Based on their growth characteristics as well as their ability to produce or resist 

bacteriocin, strains No.1, 9 and 10 were chosen for the dominance tests. In these 

experiments, strain No. 1 (Lc. mesenteroides) was paired with either strain No.9 (L. d e )  

or strain No. 1 0 (L. mnatus) in 3 different ratios: 10': 1 04, 1 O": 1 04, 1 04: 10' (CFU/ml), 

respectively . 

In order to obtain an accurate initial ceIl concentration for this test, the relationship 

between bacterial count and optical density for each strain was studied. Cultures were 

grown in MRS broth for 48 hours at 25°C to reach the stationary phase. The broth was 

centrifùged and the ceU pellet was re-suspended in 0.85% sterile saline. This was repeated 
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once. Senal dilutions were made and for each dilution, the optical density was measured 

and the ceIl suspension was piated on MRS agar for enurneration. For the measurement of 

optical density, 3 ml cell suspensions were placed in lx 1x4.5 cm standard disposable 

met tes  and opticai density was measwed at OD,, (Gill et al., 1995) using an Ultraspec 

2000 W/visible spectrop hotometer (Pharmacia Biotech AB, Uppsala, S weden). A linear 

relationship between the ceil concentrations and optical densities was obtained around 106 

- 10' CFU/ml levels and the optical densities for 4x10' CFU/ml ceil suspension were 

ploned for each strain (1,9 and 10). Bacterial suspensions of  4x 1 o4 CFU/ml were obtained 

by 1 O00 fold dilution of the 4x 10' C N / d  culture. 

In this experiment, double-strength MMRS broth with 3 pH levels (5 -5 ,  6.0, 6.5) 

was prepared and 100 pl of broth were pipetted into wells in microtitre plates (96 well 

Falcon 3072 Microtest III tissue culture plate, Becton Dickinson & Co. Lincoln Park, NJ) 

using a 1-100 pl Eppendorf Reference pipetter. Then the paired strain suspensions, 50 pl 

each, with specific concentrations (4x 10' or 4x 1 O4 CFU/rnl) were pipetted into the wells 

with double strength MMRS broth to give a 200 pl final volume of standard MMRS broth. 

The arrangement of wells in the microtitre plates for this test is iliustrated in Figure 6. 

To avoid foaming and evaporation during vacuum-packaging and condensation 

during incubation, one microtitre plate Wed with sterile water was put on top of the plates 

being vacuum-packaged and these plates were vacuum-packaged together using high O, 

barrier pouches @eli 1, Wmpak) and a Bizerba GM 2002 vacuum packager (Mississauga, 

Canada). Three sets of plates with mixtures replicated twice, were then incubated at 12 OC 

for 7 days, 6°C for 14 days or 2°C for 35 days, respectively. After incubation, the broth 
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with paired strains was stirred using a sterile 100 pl pipetter tip md plated ont0 M5 agar 

for differentiai enmeration. Plates were incubateci anaerobically at 25 O C for 3 6 hours. The 

colonies were counted separately by color (white or blue). Tests were repeated twice. 

3.2.6. Statistical Analysis 

Microbial data were analyzed using SAS anaiytical software (SAS institute hc., 

Cary, NC). The generai Iinear models procedure (PROC GLM) was used for the analysis 

of variance and the daerences between means were compared ushg Duncan's test. 

3.2.7. DifEerentiai Enurneration of Bacterial Strains by PFGE 

Strains No.3, No. 10 and No. 13 were grown in MRS broth at 25°C for 48 hours. 

Then 3 cultures were mixed together. Serial dilutions of the mked broth were plated onto 

M5 agar. Plates with the appropriate number of colonies (100-300) were counted and 

m e r  incubateci anaerobically at 25 OC for 48 hours to obtain colonies about 0.5- 1 -0 mm 

in diameter. 

A convenient nwiber of colonies (10-25) was randomly selected using Harrison's 

disc (Harrison, 1938; Figure 7). Each selected whole colony was picked up using a sterile 

plathum loop and put in 100 pl of 42°C low melting point agarose gel (1%) in a 1.5 ml 

Eppendorf tube. A ceil suspension was made by vigorous vortexing using a Fisher Vortex 

Genie 2 vortexer. An agarose insert was made for each colony. One slice (0.5mm in 

thiclaiess) of the Uisert for each coiony was made. Two slices of blank gel were also made 

as control. Ail the slices were put in one sterile Eppendorf tube. 



Figure 7. Harrison's disc showing the sarnpling area only. The areas of 1, 2, 3 and 4 are 
equd in sire. The disc can be used as a template and the Petri-dish to be examined was 
placed centraiiy on the disc. Colonies were chosen in area 1, 2, 3 and 4 until a convenient 
number was gathered. Ail colonies Iying over lines were ignored. 



The DNA purification and digestion were perfiormed as described previously. Mer  

digestion with Sm& al the siices were Ioaded randody into the ninning gel dots and the 

PFGE was performed as descnbed previously. 

The number of lanes that possessed the sarne band patterns was recorded and the 

band patterns were compared with known strain profiles to show the identity of arains 

under shidy. After acquisition of the ratios arnong these strains by PFGE, the approxirnate 

numbers in the whole plate were d d a t e d  and using these data, the quantity of each strain 

in the sample mixture was determined. 



CaAPTER 4 

RESULTS AND DISCUSSION 

4.1. Strain Isolation 

4.1.1. IsoIation of LAB From Sliced Ham 

Bacterial numben in spoiied sliced ham (Smoked Pepper Loaf) sarnples are iisted 

in Table 1. Three dïerent packages (designated SPL 1, SPL2 and SPL3) with the same 

expixy date were analyzed separately. There was tittle exudate present inside the package 

film and the color and texture of the sliced meat appeared normal. However, SPL2 

exhibited a severely blown-package. The pH values of these produas had decreased 

substantially f?om normal to 4.6-4.7. A Sour odor could be easiiy perceived when the 

packages were opened. 

Bactenal loads of al1 sarnples reached 8 logCRl/cm2. Bactenal numbers on MRS 

agar were slightly higher than on APT agar with aii the 3 samples. This was an indication 

that the rnicroflora on the spoiied meat was primarily dominated by LAB- because MRS 

medium recovers only LAI3 (de Man, et al., 1960) but APT medium can be used to 

cultivate a variety ofmicroorganisms including LAB. Among APT, MRS, MRSD and M5 

media, MRS agar recovered the greatest number of LAB, with APT, MRSD and M5 agars 

containing 0.1-0.2 logCFU/cm2 lower numbers than MRS. This is perhaps because the 

composition of M R S  medium most favors the growth of LAB. However, data in Table 1 

reported that al1 4 media were suitable for the recovery of LAB. M e r  48 h anaerobic 

incubation at 25 OC and post-staining with bromocresol purple, blue colonies on MRSD, 



Table 1. Microbiai analysis of vacuum-packaged sliced h m  samples (Smoked Pepper 
Lod, 30 days after expiry date). 

-- - -  

Ham ~ample (logC~Ukrn3 
Type of agar Differentiai 

count SPLl SPL2 SPL3 

MRS 

M5 total 

percent W 

Dilutions plated on APT agar were incubated aerobically at 25 OC for 48 h. 
Blue colonies (B) on M5 agar plates (incubated at 25'C anaerobically for 48 h) were 
homofennentative LAI3 - 

' White colonies (W) on M5 agar plates were heterofermentative LAB. 
J MRSD was used to differentiate Pediococcus frorn Lactobacil2u.s or Lez(conostoc spp. 

Blue colonies (B) would have been pediococci, green colonies (G) were Lactobacilhs 
or Leuconostoc spp. 

' Limit of sensitivity of the method. 



which would have been pediococci. were not found. 

Both homofermentative and heterofermentative LAB were found on M5 plates. 

DEerentiai enurneration of these plates reveafed that the number of homofermentative LAB 

was slightly higher than that of heterofermentative LAB. In sample SPLl and SPL3, 

homofermentative LAB reached 8 log CFU/C~' while heterofennenters reached 7 log 

CFU/cm2. The percentage of heterofementative LAB was about 3-7%. However in SPL2, 

the percentage of heterofermentative LAB reached 24.6% which rneant both groups shared 

dominance at spoilage. The growth of heterofermenters may have been the reason for its 

blown package and why the pH of SPL2 was siightly higher than the other two packages 

(Table 1). 

Based on the color and size of the colonies, two different types of strains fkom each 

sample were isolated, subcultured and preserved at -80°C for later use. The size of white 

colonies (heterofermentative LAB) on M5 agar was slightly bigger than the blue colonies. 

The appearance (size and color) of these colonies was aiso consistent on other media. On 

M R S  or APT plates, the heterofermentative strain formed big white colonies while the 

homofermentative strain fonned small and yellowish colored colonies. On MRSD plates, 

although the color of the colonies were dl green, the heterofermentative strain formed 

bigger colonies. The two dinerent isolates were checked under the phase contrat 

microscope and heterofermentivity of the presumed heterofermentative isolate was 

confimieci by COz production tests. The homofermentative organisms which formed blue 

colonies on M5 agar were short curved rods and the heterofermentative organisms that 

formed white colonies were cocci in pairs or chains. NO spores were observed. 
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4.1.2. Isolation of LAB Frorn Comed Beef 

Two pieces of vacuum-packageci comed beef samples (about 2 kg per piece) were 

obtained tiom an Ontario-based national mats  manufacturer. One piece of meat was 

manufàctured with a standard formulation and the other one had extra sucrose added in an 

attempt to extend shelf life by changing the dominance of bacteria in the products. Both 

packages showed copious slirne formation, but neither package was observed to be blown. 

About 50 ml of mpy slime and a surfàce sample of meat were coilected from each package 

and analyzed separately. The bacterial numbers present are iisted in Table 2. Results 

indicated that the pH values of the s h e  were sIightly Iower than the respective meat 

sarnple in each package, but the pH values of the s h e  or meat in both the sucrose-added 

sample and the control sample were similar. Thus the addition of sucrose did not affect the 

final pH of the meat at spoilage. There was also no substantial diierence between the 

ropiness of the s h e  isolated £tom the two sarnples when the slime was touched with a loop 

to measure the maximum length of the rope (ca 5 cm). 

Just a s  in the sliced ham samples, comparable bacterial numbers on both APT and 

M5 agar indicated that LAB dominated the spoilage microflora of the comed beef LAI3 

levels in the slime in both samples reached 9 log CFU/mL, which was 1-2 log higher than 

that in the meat. It should be noted that the total numbers of bacteria present in the s h e  

from the control sample (without additional sucrose) recovered on APT agar were one 

order ( log3 lower than those in M5 plates. This did not happen in the sucrose-added 

sample. Maybe in this case APT medium (aerobic) is not suitable for the recovery of these 

spoilage organisrns. The absence of biue colonies on MRSD agar indicated that pediococci 



Table 2. Microbiai an&& ofcornmerciaily manufactured, vacuum-packaged comed beef 
samples. 

- 

Medium sucrose-added samplel control sample2 

MRSD (blue)' 

percent W 

Thermo-tolerant 
anaerobes 

- - - - - - 

25 days after expiry date. 
29 days after expiry date. 
' Dilutions inoculated on APT agar were incubated aerobically at 25OC for 48 h. 
' MRSD was used to differentiate Pediococcus fiom Lactobacillus and Leitconostoc spp. 

Blue colonies would have been pediococci. 
' Blue colonies (B) on M5 agar plates (incubated at 25 OC anaerobically for 48 h) were 

homofermentative LAB . 
White colonies (W) on M5 agar plates were heterofermentative LAB. 
' Dilutions were placed in a 75" C water bath for 15 min, spread-plated on APT and 

incubated at 25 O C  for 48 h both aerobically and anaerobicaily. 
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did not dominate in the final spoilage of these products. Since they are not usuaily able to 

grow at temperatures below 8"C, sustained temperature abuse was not likely a factor 

uifluencing spoilage. 

Both homofementative and heteroferrnentative LAB established high levels of 

growth in these packages in both the siime and on the meat with the number of 

homofementative LAB being higher (no more than one order). This dominance pattern is 

amilar to what was observed in the sliced harn samples. However, in this investigation, the 

percentage of heteroferrnentative LAB reached about 25-30% of the total bacteria present. 

A cornparison of the pH values and the LAI3 numbers between the sliced ham 

samples and comed beef sarnples revealed that at a similar level of viable bacterial numbers, 

the pH drop was very different in these two spoilage cases. The pH values of the comed 

beefstayed above 5 while the pH of the siiced harn dropped to 4.6 - 4.7. This is probably 

because the sliced harn had spoiled to such an extent that the bacterial load began to 

decrease in response to the great amount of acid produced. That is to Say, the total LAI3 

level may have been much higher at some point before the sampling took place. In a study 

relating spoilage and pH values of vacuum-packaged cooked ring sausages (Korkeala et 

al., 1990), the initial pH of the meat was about 6.3. When the meat was deemed to be 

spoiled, the pH had dropped to 5 -8 -5 -9 and the lowest pH value observed was 4.6. When 

the pH dropped below 5.0, the LAI3 level was between 8-10 log CFU/g. This is quite 

similar with the results obtained in present study. However, it should be noted that pH can 

not be used to reiiably define spoilage in these meat products (Kempton and Bobier, 1970). 

Thermo-tolerant aerobes and anaerobes were also recovered on APT agar, 
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following heat treatment of the sample dilutions at 75 "C for 15 min. Similar numbers of 

bacteria and colony size and color on plates incubateci with different atrnospheric conditions 

indicated that these thermo-tolerant bacteria were LAB. Compared with the previous total 

nurnbers on MS agar, a 4 log reduction was achieved on both comed beef sarnples after the 

heat treatment. Therefore it is udikely that thermo-tolerant organisms were a major factor 

in the development of product spoilage. 

Based on cotony appearance, a total of 14 isolates were coiiected fkom the M5 

plates (Table 3). Five different types of isolates (3 homofementative and 2 

heterofermentative bacteria) were found on M5 plates fiom each sample. However, only 

2 types of isolates (one homofermentative and one heterofermentative LAB) were 

recovered âom the samples following heat treatment. It should be noted that the color of 

the colonies on M5 agar sometirnes was not very stable and consistent, and appeared to be 

strain-dependent. Strict anaerobic conditions were required and dEerent strains needed 

different incubation times to achieve full color development (Zuniga et al., 1993). 

Therefore, sometimes the homofermentative strains appeared as white colonies with blue 

centers of various sizes. Cell morphology was found to be very helpful for confirming 

colony type in conjunction with the color information - although it was quite tedious. 

It was also noticed that the ropy she-forming isolates fiom both the sucrose-added 

and the control sarnples had los their ropy s h e  producing abiiity when grown on al1 types 

of media used in this study. In the investigation of the ropy slime-producing L. sake 

isolated from Finnish ring sausages, the ability of L. sake bacterial colonies to form slimy 

ropes when touched with a loop under ceriain incubation conditions, has been used as one 
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Table 3. LAI3 strains isolated fiom commercial comed beef samples from MS plates. 

Colony ap pearance Designation of isolates 

Sucrose-added sample control sample 

White colon? CB2 CB2' 

Dark blue colony CB3 CB3' 

Light blue colony CB4 CB4' 

Blue colonf CB5 CB5' 

White colony (thermotolerant) CB6 CB6' 

Blue colony (thermotolerant) CB7 CB7' 

l Colony with a diameter of 1 .O- 1.5 mm. 
* Colony with a diameter of 0.3-0.6 mm. 



critenon to establish a semi-quantitive method for assessing slime production capability 

(Makela and Korkeala, 1992). Wide variation has been obsenred in the appearance of 

ropiness on different agars with diferent incubation conditions. Some of the strains 

capable of foming slime in vacuum packages did not form ropy colonies under any of the 

test conditions (Makela and Korkeala, 1992), which was the same siîuation as obsemed in 

this study. It was noted ihat the only reiiable way of tesMg the stime producing capabilities 

of différent nrains was an incubation test using vacuum- packaged sterile mats (Bjorkroth 

et al., 1996). 

4.2. Stain Identification 

4.2.1 Biochernical Identification of Isolates 

Mo rp hological c haracteristics and key biochemical reactions that permitted 

identification of isolated strains from the spoiled sliced ham and corned beef samples are 

reported in Table 4. Al1 the strains were Gram positive and catalase negative, which are 

major characteristics of LAB. The three cocci isolated from sliced harn and 6 cocci tiom 

comed beef samples were unable to hydrolyze arginine but able to produce gas £tom 

glucose. These organisms were identified as Leuconostoc spp. according to the 

identification scheme developed by Schillinger and Lucke (1987, Figure 2). Other 

microorganisrns isolated f?om the spoiled rneat were al1 rods and were not able to produce 

CO, from glucose. This latter group belonged to the homofennentative lactobacilli 

according to that identification scheme. The rods isolated from spoiled ham were narrower 

and longer than those isolated fkom comed beef and were therefore different. None of the 
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homofementative lactobacilli isolated from the spoiled ham were able to hydrolyze arginine 

but dl the rods fiom the corned beef could. 

Because it was presumed that the 3 rods and 3 cocci isolated fiom the 3 different 

packages of sliced ham were just two different organisms and the corresponding isolates 

fiom the comed beef control sarnple were the same as the isolates from the sucrose-added 

sample, only isolates R1, Cl ,  CB 1-CB7 were chosen for the API 50 CKL test. The API 

test results are listed in Appendix 5. 

Except for strains CB6 and CB7, which shared the sarne sugar fermentation profle 

with CB2 and CB3, respectively, other organisms showed distinctive sugar fermentation 

patterns in the API tests which indicated that they were different strains. Cornparison of 

sugar fermentation profiles with the comrnercially provided identification key @ioMérieux 

S.A, Marcy 17Etoile, France) revealed that the 4 Leuconostoc strains (C 1 ,  CB 1, CB2 and 

CM) belonged to Leuconostoc mesenteroides ssp. mesenteroides and strain Rl  was a L. 

nrrvdrrs strauistraui It should be noted that there was no identification profile available for L. 

suke in the data provided with the API 50 CHL test kits. However, the fermentation 

profiles of isolates CB3, CB4, CB5 and CB7 closely resembled the published profile of L. 

curvatus except that ail of these isolates were melibiose, sucrose and trehalose positive, 

which are the key diirences between these two species. L. sake strains usually metabolize 

these latter sugars. (Kandler and Weiss, 1986). These 4 isolat es were also arginine positive 

(Table 4). This is another key criterion to differentiate L. sake fiom L. curvatus. Both 

Kandler and Weiss (1986) and Hugas et al. (1993) found that 90% of L. sake strains fiom 

their collections showed positive results in arginine hydrolysis tests while 90% of the L. 



mrvatus were arginine negative. Based on the API sugar fermentation profiles and the 

results of arginine tests, isolates CB3, CB4, CB5 and CB7 were clearly identified as L. 

d e .  it was also observed that dl of the 4 L. sake strains were gluconate positive. This 

propesty was also documented by Schillinger and Lucke (1987) who found that 98% of L. 

suke were gluconate positive while ody 37% L. curvatus yielded positive results. Strain 

RI which was identifmi as L curvatur in this study was not able to ferment gluconate. The 

4 L. sake isolates ail produced CO2 60m gluconate but not glucose, and this is consistent 

with Stiles and Holzapfel's (1997) statement about the heterofermentivity of L sake. 

Since the paired strains CB2 and CB6 plus CB3 and CB7, respectively, shared 

identical API 50 CHL profiles and since CI36 and CE37 were selected fiom the original 

spoilage population (Table 3), it was suspected that CB6 and CB2 were the same 

Leuconostoc strain and C87 and CB3 were the sarne L. sake strain. However, this 

hypothesis needed to be confhned by PFGE analysis. In addition, the PFGE technique was 

plamed to be used to test the hypothesis that the rods and cocci isolated from the 3 

different packages ofsliced ham were the sarne respective main and that the corresponding 

isolates fiom the corned beef control sarnple were the same as the isolates fiom the 

sucrose-added sarnple. Since PFGE andysis can be one of the more informative methods 

for bacterial strain characterization (Farber, 1996; Tenover et al., 1995) it was a logical 

choice as a method to use for further study of these isolates. 

4.2.2. PFGE Identification of S poilage LAB Isolateci From VacuumPackaged Cured Meat 

Products. 



4.2.2.1. Cornparison and interpretatzon of the PFGE resuits 

A number of spoiiage LAB isolates including the LAB strains isolated from 

previous rnicrobial analysis of sliced harn and comed beef, as well as strains isolated nom 

retail cured m a t s  in Quebec (Holley et al., 1999, plus standardized cultures obtained fiom 

Kulmbach, Germany (No. 14, 15) and ATCC type shahs (No.3 3, 34 and 3 5) were included 

in this study. Genornic DNA of these isolates was pufied, digested with the restriction 

endonuclease Sm1 and eIectrophoresed in a Gene Navigator PFGE system (Pharmacia 

Biotech AB, Uppsala, Sweden). Some of the gel p i a r e s  are presented in Figures 8, 9 and 

1 o. 

A consolidation of PFGE results of the LAI3 isolates fiom spoiied sliced harn and 

comed beef is presented in Table 5. The results of the PFGE analysis showed that the band 

pattems of Rl, R2, and EU were identicai. A similar result was obtained within the group 

Cl, C2 and C3 (data not shown). This verified the hypothesis that R1, R2 and R3 were 

the same strain and that the three coccoid isolates C 1, C2 and C3 were also one strain- 

Therefore, R 1, R2 and R3 were hally designated as strain and C 1, C2 and C3 were 

designated as strain C. 

The PFGE analysis aiso confinned that the corresponding isolates (initiaily based 

on the appearance of the colonies) in the comed beef control sample were identicai with 

the strauis isolated f?om the sucrose-added sample (Figure 1 1). Paired strains CB2 and C M  

as weii as CB3 and CB7, which had identicai API sugar fermentation profiles also appeared 

identical in PFGE analysis. Strains that were different fiom each other in the API analysis 

were also dEerent from each other in PFGE analysis. As a result, strains CB 1 and CB 1' 



Figure 8. PFGE pattern of the genomic DNA digesteci with SmaI for strain No. 3, 4, 5 ,  10, 
13. The central lane marked with "M" is the size standard. The unit of the numbers is kb. 



Figure 9. PFGE patterns of the genomic DNA digested with Sm1 for strains No.3,4, 5, 
IO, R, 23, C, 13, 1 1, 1 and 6.  The central Iane marked with "M" is the size standard (kb). 
3N and 4N are PFGE pattern of strains No.3 and No.4 fiom new kozen stock. The DNA 
sample ofNo. 11 was contaminated and partially degraded pnor to electrophoresis. 



Figure 10. PFGE patterns of the genomic DNA digested with Sm1 for strains No.33, 1 1, 
35, 15, 5 ,  6, 9, 14 and 34. The central lane marked with "M' is the size standard (kb). 
Larconosioc mesenteroides ssp . mesenterozdes strain No. 3 3, L. su& strain No. 3 4 and L. 
curvatus strain No. 3 5 are ATCC type cultures. 



Table 5. Re-established bactenal strain groups obtained by PFGE of Smal DNA digests fiom spoilage LAB. 

New code for LAE3 strains Strains shanng the same biochemical profile Strains sharing the same PFGE profile 

RI, R2, R3 

C 1 ,  C2, C3 

CBl, CB1' 

CB2, CB2' CB6, CB6' 

CB3, CB3', CB7, CB7' 

CB4, CB4' 

CB5, CB5' 



. W . .  
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were designated strain CBLc 1. Strains CB2, CB6, CB2' and CB6' were al1 designated 

CBLc2. Strains CB3, CB7, CB3' and CB7' were al1 designated CBLb 1. Strains CB4 and 

CB4 were renamed CBLb2. Strallis CF35 and CB5' were designated CBLb3. It was noticed 

that arnong the 3 Luctobacillus and 2 Leuconostoc strains isolated frorn the comed beef 

samples and characterized by API and PFGE, strain CBLb 1 and CBLc2 were thermo- 

tolerant LAS. 

In another investigation of ropy slime producing L. sake strains, 67 strains which 

showed identical API profiles were identifid as 7 difFerent groups based on PFGE analysis 

using two different enzymes (Bjorkroth et al., 1996); but no two strains fiom difSerent 

phenotype groups showed an identical PFGE profile. This indicates that compared with 

the API test, PFGE has higher discriminatory power and can provide more information for 

strain different iat ion. 

It was aiso noticed that strains No.3 and 4, previously identified as L. curvatzis and 

L. sake, respectively (Holley et al., 1995), showed an identical PFGE pattern with SmaI 

digestion. These two strains had similar morphology and growth characteristics. 

Biochernicai tests specialiy keyed for differentiation of L. curvatus and L. sake showed 

identical results which indicated that both strains belonged to the species L. mruatus (Table 

6). Frozen replicates of original culture collection material of these two strains were 

cultured and subjected to a second PFGE analysis using both SmaI and AvriI separately as 

the rare genome cutter. The results still showed identical profiles following both SmaI and 

AvrII digestion (Figure 12). F i d y ,  the conclusion that strain No. 3 and No. 4 were the 

same strain (L. cu~vutus) was made because the probability is very low that different LAB 



Table 6. Biochernical tests for differentiation of strain No. 3 and ~ 0 . 4 . '  

Strain 
Reference strain 

No.4 
No. 14 No. 15 No.34 No. 3 5 

Arginine - O + O + - 
Arabinose - - + ND ND ND 

Melibiose - - + ND ND ND 

Trehalose + + + ND ND ND 

Arnygdalin + + + ND ND ND 

Maltose + t + ND ND ND 

' No. 14 and No. 34 are known L. sake cultures. No. 15 and No.35 are known L. curvatus cultures. "ND": not determined. 



F i i r e  12. PFGE patterns of the genomic DNA digested with Sm1 and AvrII for strains 
No.3 and No.4. Lanes 3s and 4s are sirabs No -3 and No.4 digested with SmI. Lanes 3A 
and 4A are strairrs No.3 and No.4 digested with AvrII. Lane "M" is the size standard (kb). 
Avrn generated a wider range of DNA Gagments but within the digestion by the same 
emyme, strains No.3 and N0.4 share identicai profle. 
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mains wifi show the same PFGE profile fier digestion with NO different enzymes. From 

this analysis, it was noted that the reproducibility of PFGE was excellent. Given the same 

enzyme digestion and electrophoresis conditions, consistent band pattems were achieved 

in different runs. Therefore, the developed strain profiles are valuable and can be used as 

a reference for later analyses or to build a PFGE profiie iibrary. 

Unke the L. sake strain groups analyzed by Bjokroth et al. (1 996), which showed 

only one or two band dserences in their PFGE profile, the dEerent strains in the present 

study possessed a diversity of band pattems. Namely, aii the strains within or among 

species could be differentiated eady by visual cornparison. The percentage sirnilarity of 

band patterns was less than 25% (data not shown). This is an indication that these strains 

are not genetically closely related to each other. 

By visual cornparison, it was very easy to tell the dserence between any two strains 

and the overall dEerence between Leuconostoc and Luctobacilius spp. was obvious. 

However, differentiation of L. sake frorn L. mrvatus as a whole based on the gel pattems 

is problematic. The s k  of the bands digested with SmaI for both L. curvatus and L. sake 

were in the same range (fiom ca. 130 kb to 6 kb), with the average size range of L. sake 

being a little bit smder (fiom ca. 1 10 kb to 6 kb). However, L. Ctlrvafus strallis such as No. 

10 also had bands in a smd  size range (ca.90 kb to 6 kb). No unique band or combined 

band pattems were found in either species that enabled effective species identification by 

itseK The differentiation of single strains was based on the band size (location) daerences 

within the band pattems. The different iation of Leuconostoc spp. fiom Lactobacilius spp. 

was based on the overall size ranges (The size of hcono.stoc DNA digests ranged from ca. 
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230 kb to 10 kb). This difference was generated by the significant genome size and 

sequence dEerences of these two genem There is low DNA-DNA homology between these 

two genera The mol% WC in the genomic DNA is 37-39 for Lc. mesenterotdes (GaMe, 

1986) but is 42-44 for both L. curvatus and L. sake (Kandler and Weiss, 1986). Although 

L. nrrvatus and L. sake were recognized as two well defined species by DNA-DNA 

homology (Kiein et al, 1 W6), they do not possess such significant genomic heterogeneity 

that they muld show band pattern ditferences as if thqr were two different genera, especially 

when DNA-DNA hybridization has shown that these two species share a very high Ievel of 

homology (KandIer and Weiss, 1986). However, the conclusion from the DNA-DNA 

homology study is more idormative than just the macrocleavage patterns of the genomic 

DNA at the species Ievel and is complementq. 

A dendrogram showing the genetic distance between 7 Lc. mesenteroides strain 

types by PFGE was constructeci using software provided by Dr. Brian Fristenslq fiom the 

Plant Science Department, University of Manitoba F i  the image data of the band patterns 

ofthese strains were converted to binary information (0, 1) in a spread sheet which cm be 

recognized by this software (Table 7). Using the restriction sites maximum likelihood 

(RESTML) rnethod (Felsenstein, 1992)- a dendrogram was constructed for these 7 strains 

(Figure 13). In this phylogenetic tree, the branch length arnong strains defines the genetic 

distance of these strains (Felsenstein, 1992). tt is noted that strain No. 1 and No. 1 1, which 

were both isolated in Quebec and able to produce bactenocin, shared a relatively close 

relationship. However, strain CBLcl and CBLc2 which were both isolated £tom the comed 

beef sample, belonged to different clusters in this analysis. In the PFGE analysis of ropy 
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slime-producing strains isolated nom Finnish ring sausages by Bjorkroth et al. (1996), al1 

the strains were very closely related (having one or two band differences in the PFGE 

profiles). According to the interpretation by Tenover et a1.(1995), these strains rnight have 

evolved fiom one single strain. For the 2 L a r c o ~ o c  mains isolated f?om the corned beef, 

there were at least 10 band differences beiween theù PFGE patterns (Figure I I and Table 

7). Strain CBLcl formed larger colonies on M5 agar while CBLc2 was more thermo- 

tolerant. There were also substantial differences in their API 50 CHL profiles. Arnong the 

12 sugars that each of them utilized, these two strains had only 2 sugar fermentation test 

r d t s  in conunon (sucrose and D-turanose). This implies that a diversity of contamination 

sources might be present in the meat processing plant where these samples of meat were 

prepared. 

4.2.2.2. Factors contributing to the paliîy of the PFGE m&szs remit 

Several different factors can affect the quality of the PFGE analysis. hproper 

preparation of DNA samples will lead to smeared lanes and bad resolution. Usudy 10' 

ceIVmi is the proper concentration of a bacterial sample to achieve good results. An 

excessively high DNA concentration wiU waste restriction endonuclease whic h is ex pensive 

and cause inwmplete digestion, yielding poor resolution. If the DNA concentration is too 

low, the signal in the gel image will be too weak to analyze. Intensive washing with 

different buffers used in the DNA purification and digestion steps is important to get very 

clean DNA blocks by removing al1 the protein and RN& thus avoiding smeared lanes. A 

fiesh stock of PMSF solution should always be made monthly to make sure the proteinase 



K is cornpletely inactivated before restriction enzyme digestion is initiated. 

The proper Ioading of DNA slices into the wells is also very important to get 

accurate results. The slices should be loaded flat against the front wall in the well. If there 

are air bubbles in the welI, it wiü very kely yield bad resolution. if- the initial location of the 

slices in the wells is slightly different, the final band mobility of different samples can also 

be affkcted. For example, nom Figure 8 it was observed that although strain No. 3 and No. 

4 shared identical band patterns, (i-e., the band migration distances were identical in the two 

lanes), the corresponding bands were not in the same position in the lanes. 

Sometimes when the DNA bands are not sharp enough it is better to use a 1.5% 

agarose running gel instead of 1.2% to obtain better resolution without significantly 

increasing the mn tinte. Lower electrical current during elect ro p ho resis is recomrnended to 

obtain better resolution. When the voltage and the concentration of the TBE buffer was 

fixeci (200 V and OSxTBE), reducing the volume of the buffer fiom 2.5 1 to 2.3 1 was found 

to be an effdve way to lower the current by increasing the overall electrical resistance of 

the electrophoresis system. 

Proper programming of the pulse durations and run times is critical to obtain optimal 

separation. The relationship between pulse duration and resolution for the hexagonal 

electrode arrangement in the Gene Navigator system is listed in Table 8. By combining 

different pulse durations and run times, satisfactory resolution of a variety of size ranges of 

DNA digests can be achieved. 

4.3. Bacteriocin Production and Resistance 



Table 8. Relationship between pulse duration, mn time and resolution for a hexagonal 
electrode. (Adopted corn the Gene Navigatorm User Manual, Pharmacia B iotech AB, 
Uppsala, Sweden) 

-- 

Pulse duration Efficient Maximum Run time (h) Set voltage (V) 
separation resolution 

0.3 s 

0.5 s 

0.8 s 

5 s 

25 s 

45 s 

IO0 s 

125 s 

20 min 

30 min 

40 rnin 

75 rnin 

50 min 

100 min 

180 min 

450 (0.1 SxTBE) 

450 (O. 1 SxTBE) 

450 (O. 15xïBE) 

300 

300 

3 O0 

165-200 

165-200 

165-200 

165-200 

30 

30 

30 

3 0 (0.6% agarose) 

The buffer used was OSxTBE and agarose concentration was 1.24 -5% (w/v) unIess a 
dierent value is stated. 



4.3- 1. Agar Spot Test for Bacteriocin Screening 

A total of 20 arains which were listed in the beglluiing of Chapter 3 were used as 

both test and indicator strains in this prelirninary bacteriocin screening experirnent. The 

r d t s  of interest are presented in Table 9. In this 20x20 screening test, only strain No. 1 

and No. 11 (which are two Lc. mesenterordes strains) as well as a L. soke strain CBLb2 

(isolateci fiom spoiled corned beef) showed inhibitory effects against some indicator strains. 

On the other hand, only L. sake strain No. 6 and No. 9 and L. curvafus strain No. 10 

showed susceptibiiity to those 3 producer strains. Except in the antagonism tests where 

strain No. 1 was used against No. 6, and No. 1 1 against No.6 where the width of the cleared 

zone was within 0.5-1 -0 mm, the inhibition zones in al1 other tests was quite substantial 

(zone width > 5 .O   MI, Figure 14). 

Although the test medium was buffered with 1% morpholinoethane sulphonic acid 

(MES) to rninimize the antibacterial influence of organic acid production, other inhibitory 

Eiaors such as K20, c m  give confùsing positive results in this test method. However, the 

agar spot method is fa* convenient and obvious, so it is suitable for preliminary bacteriocin 

screening for a large number of bacterial strains. Mer this screening, the positive strains 

can then be tested by other methods to validate bacteriocin production. 

4.3.2. Weil Difision Test 

In this experirnent, no inhibition zone was found, even in untreated culture 

supematants. The culture supernatant (MM) was then concentrated 10-fold by freeze- 

d g h g  but there was still no positive reaction. It seemed that these 3 inhibitory substance- 



Table 9. Inhibition of indicator strains by bacteriocin-pmducer strains in the agar spot test'. 

Producer Inhibition of indicator strains2 
strain 

N0.6 N0.9 No. I O  

No. 1 

No. 11 

CBLb2 

The conditions used for the agar spot test are described in Chapter 3. 
2 Symbols: "+" large inhibition zone (>2.0 mm); "(+y small inhibition zone (ca. 0.5 mm). 

Strains: No. I and No. 1 1 were k. mesenferooiàizs. No. 10 was L. a~rvahrs. No.6, No. 9 and 
CBLb2 were L. sake, 



Figure 14. Agar spot test for the screening of bacteriocin production and resistance. 
Scanned picture shows plates containing inhiibitory zones. In plates 4 B and D, strain No.6 
was used as the indicator strain and No. 11, 1, and CBLb2 were used as the producer 
strains, respectively. In plate C, strain No.9 and No. 1 1 were used as the indicator and 
producer strains, respectively. Except plate A and B on which the width of the clear mnes 
were withh 0.5-1.0 mm, the inhibitory effect of the other tests was very substantial, such 
as the test results in plate C and D (zone width >5.0 mm). 
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producing strains (No. 1 and No. 1 1 and CBLb2) did not secrete the antibacterial compound 

into the liquid medium under test conditions or secreted such a small amount that it could 

not be detected by the well diffusion test. This was not an unusual result. In a study of 

adbacterial activity of L. sake strains f?om rneat, a total of 19 out of 142 L. sake strains 

exhibited antagonistic effects on solid agar medium, but oniy 6 saains were shown to secrete 

the inhibitoty compound when grown in M M  broth (Schillinger and Lucke, 1989). Similar 

results were also obtained by Geis et al. (1 983), who tested 93 strains of LAB and found 

that 36 strains exhibited antagonistic effects on aga, but only one strain produced an 

Uthibitoty substance in tiquid medium. 

4.3 -3. Modified Agar Spot Test for Confirmation of Bactenocin Production 

In this experiment, catalase and 3 different proteases were used separately to 

eliminate any inhibitory activity resulting from the production either H,O, or bacteriocins. 

Catalase or proteases were placed closely beside a producer strain colony grown on the agar 

surface. If the reagent hactivated the previously difised antibacterial compound around 

the colony, the indicator strains were able to grow at the site of its inactivation. Therefore, 

an inhibition zone with asymrnetric outiine could be observed. The test results of this 

experiment are Iisted in Table 10, and the scanned image of some representative plates is 

shown in Figure 15. 

Catalase was unable to neutraiize the antibacterial aaivity of producer strains tested. 

This rufed out the possibility that antibacterial activity was due to the presence of H202. AU 

the 3 proteases tested (proteinase y protease and tsrpsin) gave an asyrnmetric inhibitory 



Table 10. Inactivation of antibacterial substances produced by meat spoilage LAB strains by a modified agar spot test'. 

Inactivation of antibacterial compound2 

Producer strain No. 1 No. 1 1 CBLb2 

Indicator strain No.9 No. 10 No.9 No. 1 O No. 9 No. 10 

Proteinase K + + + + + + 

Protease 

Trypsin 

' The conditions used for this test are described in Chapter 3. 
Symbols; "+" formed asymmetric outline around the clear zone; "-" no asymmetnc outline around the clear zone. 



Figure 15. Modified agar spot test showing the effect of catalase, protehase K, protease 
and trypsin on the inhibitory substance produced by LAI3 strains No. 1 and No. 1 1. Plates 
A and B show the inhibition zones produced by strain No. 1 1 using No.9 as the indicator 
strain. Plates C and D show the inhibitory Hect of No. 1 using No.9 as the indicator strain. 
Plates E and F show the inhibition zones produced by No. 1 on a lawn of No. 10. A colony 
surrounded by an asymmetric clear zone was considered a positive result. A bacteriocin- 
positive strain should be catalase negative and protease sensitive. The procedures used in 
this test are described in Chapter 3. 



zone outline in every test. These results proved that the antibacterial substances were 

proteinaceous. These results were also consistent with the literature (Yang and Ray. 1995; 

KeUy et al., 1995) where fiequent isolations of spoilage LAB with bactenocin activity have 

been made. Although the heat resistant property of these substances was difficult to ver@ 

since these test strains produced little or no antibacterial activity in MRS broth, it can be 

concluded that the antibacteriai substances produced by arain No. 1, No. 11 and CBLb2 

are bacteriocins. 

These bacteriocin-producing strains were found among 20 LAB strains isolated 60m 

meats. This incidence rate was found comparable with other studies (Garver and Muriana, 

1993; Ahn and Stiles, 1990). Although these strains did not produce a detectable amount 

of bacterioch in Liquid medium, they did show significant inhibition against certain indicator 

stmins on agar medium. The sire of inhibition zones was comparable or even bigger than 

those from strains which produced a significant amount of bacteriocin in culture broth 

(Schillinger and Lucke, 1989). Therefore, it is quite possible for these bacteriocin- 

producing strains to dominate in meat systems, which are physicdy similar to conditions 

existing on agar media, by suppressing other bactenocin-susceptible cornpetitors. 

4.4 Individual Inhibitory Factor Study 

4.4.1. Strain Selection 

Fourteen spoilage LAB strains were used for the selection of 2 strains fiom each 

species for further study of the impact of environmental factors on growth and viability of 

these groups of organisms. The LAI3 cultures were inoculated in modified MRS (MMRS) 
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broth and incubated at 6°C anaerobically for 2 weeks at an initial inoculum of about 10' 

CFU/ml. The growth data (viable bacterial numbers) are ploaed in Figure 16 (data liaed 

in Appendix 6). 

Except for L. soke strain No.9 which reached 10' C N / d  after 2 weeks incubation, 

other strains did not show substantial increases in number (numbers stayed at the level of 

107CFLl/ml). The finai pH of the MMRS broth for dl the LAB strains dropped from 6.0 to 

a range fkom 5.5 to 5 -9 due to acid production. The pH dropped to about 5 .O for strain 9 

(data not shown). Low pH may be one inhibitory factor innuencing the extent of growth of 

these spoilage organisms. Since at 25°C these strains can easily reach 10' CN/rnl in MMRS 

at a very low inoculum (one colony), the incubation temperature (6°C) in this test may be 

another hurdle that affêcted the growth of these LAB. Another reason may be the depletion 

of the nutrients in the MMRS broth after 2 weeks' incubation. 

No significant differences in the tuial ceil number were found arnong the Lc. 

mesenteroi&s strains and L n u v a  strains, respectively. Therefore, two strains &om each 

group (No. 1 and No. 1 1 for Lc. mesenterozdes, No. 1 O and No. 1 5 for L. czi~~atus) were 

randornly chosen for the individual factor study. In the L. sake group, the number of celis 

of saallis No. 14 and No.34 were substantidy lower than No.6 and No.9, so these two latter 

strains were chosen. 

4.4.2. Individuai Factor Tests 

4.42.1. NaCl 

The separate growth data of the 6 selected strains in MMRS broth with 2.5%, 4% 



Leuconostoc mesenteroides 

#l #i 1 #l3 #33 

LAB strain 

Lactobacillus sake 

9 r 1 

#6 #9 #14 #34 
LAB strain 

Lactobacillus curvatus 

9 ,  

#3 #5 1 #15 #23 #l35 
LAB strain 

Figure 16. Growth ability of a group of spoilage LAB strains in MMRS broth 
incubated at 6°C for 2 weeks. 
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and 5.5% NaCl are presented in Figure 17 (numerical data are tabulated in Appendix 7). 

M e r  2 weeks' anaerobic incubation at 6"C, bacterial numbers stayed at the level of 10' 

C N l m l  when 2.5% NaCl was used. However, strain No.9 was able to reach about 10' 

CFU/d.  In contrat, when 4% and 5.5% NaCl were present in the MMRS broth, the 

inhibitory e f f i  was quite significant. For strains No. 1, No. 1 1 and No. 6, a 1 -2 logCFU1 ml 

reduction was achieved. 

For Lc. mesenteroides strains No. 1 and No. 1 1, a signXcant dEerence in growth 

ability was found between 2.5% NaCl and the higher concentrations. However, the h a 1  

bacterial number was not si@cantly diffierent between tests done in the presence of either 

4% or 5.5% NaCI. The test results from the 2 L. sake strains was quite sirnilar to results 

from the leuconostocs. It was found that strain No.6 was very sensitive to high levels of 

NaCI. About a 2 log CFUIrnl reduction took place when the NaCl concentration was 

increased fiorn 2.5% to 4%. However, for 4% and 5.5% NaCl, the number of celis of strain 

No.6 remained the sarne. NaCl had little effect on the growth of the L. curvc~ttls strains 

No. 10 and No. 15. No significant difference was found among these 3 concentrations. 

However, it seemed No. 15 grew better than No. 10 with the bacterial number about one 

logCFU/ml higher at al1 3 NaCl levels. 

The final pH of the broth did not change much except in the 2.5% NaCl treatment, 

where the broth containhg strain No. 9 dropped from pH 6.0 to about 5.0 (Figure 17). This 

was an indication of the active growth of this organism under these conditions. With the 

increase in bacterial number, a greater amount of acid was produced. 

In generd, it is weii documented that spoilage LAB are not sensitive to NaCl at 



NaCI (SC) 
2.5 4 5.5 

NaCI (SC) 

2.5 4 5.5 

NaCI (X) 

Figure 17. Effect of NaCl on the growth of spoitage LAB isolated from meats. About 10' CFUIml of each culture was 
inoculated separately into MMRS broth (pH 6.0) containing 100 ppm NaNO, and incubated at 6OC anaerobically for 2 weeks. 
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intemediate pH and temperatures of 8' C and 12°C (Mol et al.. 1 97 1 ). However, there was 

a s i m c a n t  dif5erence in the LAB numbers between 5 O C  and 8 OC. when these organisms 

were incubated with 3.0-3.3% b ~ e  (Mol et al., 1971). Other than this report, there is little 

information about the growth of LAB with dflerent NaCl levels at low temperatures such 

as 6°C. This low temperature might have contributed to the difference in growth ability of 

LAB at 2.5% NaCl and higher concentrations of NaCI. 

Korkeala et al. (1990) shidied the effèct of NaCl ofi the growth capability of spoilage 

LAB. The delta absorbance (difference between the first and last absorbance reading), the 

gradient (slope of the logarithmic growth phase) and the hg phase ( time delay until 

bacterial growth started) were calculated to characterize growth. However, this shidy was 

also carrieci out at arnbient temperature and the length of the incubation was only about 50 

h. It was found that LactobacilZus (L. sake and L. curvatus) grains were generdy more 

resistant to NaCl than Le. mesenteroides and L. sake was more haiotolerant than L. 

mrvuf us. 

Ln the present study, L. nrrvatus strains were shown to be more resistant to NaCl 

than Leuconostoc strains. However, the two L. sake strains (especidy No.6) which were 

expected to be more NaCl talera were quite sensitive to high levels of NaCI. It was found 

that the mode of inhibitory action of sodium nitrite on LAB can Vary arnong different strains 

(Dodds and Collins-Thompson, 1984).This may also be the case with NaCl. It may be that 

No.6 was an exceptionally NaCl-sensitive L. sake strain. More importantly, the bacterial 

numbers of al1 the sûains remained almost unchanged in the presence of 4% and 5.5% NaCl 

( p c  0.05). This means no additional inhibitory effect was achieved when the NaCl 



concentration was increased beyond 4%. 

4.4.2.2. NaNO, 

The growth data of the 6 strains with 3 levels of NaNO, (100, 150 and 200 ppm, 

respectively) are presented in Figure 18 and are tabulated in Appendix 8. No signïficant 

reduction of bacterial numbers oftest çtrains resulted fkom exposure to these concentrations 

of NaNo,. For nrains No.9 and No. 15, a one logCFU/d increase was achieved at ail 

concentrations. There was no significant growth difference between Leuconostoc strainr 

No. 1 and No. 1 1. For L sake strains, No. 9 grew better than No. 6. For L. nrniu~s strains, 

No. 15 grew better than No. 10. The test results in general were very consistent with the 

literature in that at intermediate pH, NaNO, had little affect on the growth of LAI3 unleu 

a level of 400 ppm or higher was used (Korkeala et al., 1990). 

It was found that there was Linle change in the final pH of the MMRS broth except 

for strain No.9, again, where the final pH dropped to 5.0-5.4. This was quite a reasonable 

change in view of the high number of bacteria in the broth. 

It was observed that the average number of L. sake (at al1 3 NaNO, levels) was 

slightly higher than that of L. mrva1us7 and the number of L. curwatus was slightly higher 

than found for Lc. mesenteroides strains. This was quite consistent with the results of 

Korkeda et al. (1 990) but these differences were not statistically significant. Therefore, at 

permitted levels of sodium nitrite (s200pm), there is likely to be liale inhibitory effect on 

the growth of spoilage LAB. 



Leuconostoc mesenteroide8 

Figure 18. Effect of sodium nitrite o n  the growth of spoilage LAB from meats. About lo7 CFUlml of each culture was 
inoculated in MMRS broth (pH 6.0) containing 2.5% NaCl and incubated at 6OC anaerobically for 2 weeks. 



4.4.2.3. Initial pH 

The growth data of the 6 LAB strains with 3 different levels of initial pH (5.5, 6.0 

and 6.5) are presented in Figure 19 (detailed data are found in Appendk 9). The growth 

patterns of the 3 different spet5es in the presence of dserent initial pH were quite difEerent. 

For the Lc. mesenteroides stcaùis, compared with the initiai inoculum there was a 0.5 

logCFU/rnl reduction for both strain No. 1 and No. 1 1 at an initial pH of 5.5. The bacterial 

number did not change signincantly at pH 6.0. At pH 6.5, strain No. 1 grew to about 10' 

CRl/rnl and this was better than that s h o w  by strain No. 1 1. The bacterial number was 

s i ~ ~ y  lower at pH 5.5 with each strain. For strain No. 1, at the higher pH values, the 

incrase in bacterial number was significant but no significant change in numbers was seen 

with strain No. 1 1 between pH 6.0 and 6.5. The final pH of the broth did not decrease much 

(or@ O. 14.2 unit) for both strains at aII 3 initial pH levels, which indicated that no excessive 

acid production took place. 

For the L. sake strains, the growth pattem was very different kom that of Lc. 

mesenteroides. With strain No.9, ceil numbers increased significantly nom pH 5.5 to pH 

6.0, and then decreased sigmflcantly fkom 6.0 to 6.5. Strain No.6 shared the same growth 

pattem with No.9 except that the bacteriai number was sigmficantly lower at each pH level. 

It was also found that with an increase in the initial pH, the extent of the final pH drop also 

increased, however, there was no significant drop (0.2 unit) for strain No.6. However, for 

No.9, the pH dropped 0.37, 0.95 and 1.16 units at initiai pH levels of 5.5, 6.0 and 6.5, 

respectively. From the size of the ce11 pellet fonned at the bottom of the broth tube, it was 

estimateci at pH 6.5, No.6 and No.9 could have achieved c d  concentrations > 9 logCFU/ml, 





which would mean there were large numben of dead cells in the broth. This might have been 

caused by the great amount of acid produced or by the depletion of growth nutrients in the 

MMRS broth. It was Eequently found that strain No.6 often "killed" itself prematurely on 

MRS or APT agars incubateci at 6°C or 25°C after one week. However, this rnay not happen 

in meats because meat is a highly buffered system and there are normally plenty of nutrients 

for spoilage LAB to utilize. Therefore, in meat inoculation tests, it is expected that L. sake 

strains will flourish and likely outgrow other competitors. 

For L. mrwafus strains, there was no significant difference in bacterial numbers 

among the 3 pH levels. This suggested that initial pH had Iittle effect on the long-term 

growth of this species. Neither of the 2 arains reached 8 logCFU/rnl at any initiai pH level 

tested. Strain No. 15 grew slightly better than No. 10. There was about a 0.2 and 0.3 unit 

drop in pH for No. 10 and No. 15, respectively. Cornpared with the L. sake strauis, this drop 

was not remarkable. 

There is tittle information on the systematic study of the effect of initial pH on 

growth of spoilage LAB. Mol et al. (1 97 1) midied the growth of L. viridescens LL6 at 8°C 

and 12°C in MRS broth containing 3.5% NaCl at various initial pH values. Without the 

addition of 200 pprn NaNO, pH had no effect on the growth of this organism. Kowever, 

the presence of 200 ppm NaNO, decreased the growth rate markedly at pH 5.7, especidy 

at 12°C. This interaction was also observed with Lc, mesenteroides and LI sake in the 

current study. 
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The growth data of 6 spoilage LAI3 strains at 3 incubation temperatures (2'C, 6 OC 

and 12' C) are presented in Figure 20 (detailed data are in Appendk 10). At 12°C. the 

inoculateci MMRS both was incubateci anaerobically one week to represent abusive product 

storage. At 6°C. the incubation time was 2 weeks to mimic the normal commercial 

condition at retail. At 2°C. the incubation lasted for 5 weeks to represent more desirable 

storage conditions. The growth patterns of these 3 species, again, were very different among 

different combinations of incubation tirne and temperature. 

For Le. mesenteroides strains No. 1 and No. 1 1, there was no sigruficant dEerence 

in growth among dflerent incubation ternperatures, except that the number of No. 1 was 

sigmficantly greater at 2 OC than at 6°C or 12" C and this was probably due to the longer 

incubation t h e  used at 2°C. Although there was no si&cant difference in numbers of 

ceiis between these two strains, No. 1 seemed to grow slightly better. The final pH of the 

broth was slightly lower at 2 OC and 6 OC (0.2-0.3 unit) but was significantly lower at 12 O C  

(0.5 unit). Maybe this was the reason that at lZ°C, Lc. mesenteroides strains did not reach 

high numben since they did not grow well at low pH (5 .9,  which had been show in the 

previous pH tests. 

L sake strains grew wel at 2OC and 6°C but there was a significantly lower number 

of viable ceUs of both strains No.6 and No.9 at 12OC. At the latter temperature a large 

quantity of what were probably dead cells was accompanied by a sigruficant pH drop, 

especidy with strain No.9. The final pH of the MMRS broth nom No.9 dropped fiom 6.0 

to 4.5 and it was estimated there were probably 10' - 101° CFU/rnl cells present at the peak 

ofgrowth d u ~ g  incubation at 12°C. ùrterestingly. it was noted that there were comparable 
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pH drops at 2" C for both No.9 and No.6. where the bacterial numbers reached 1 o8 CFU/d. 

There are two possible explmations for this difference between 2°C and 12°C: (a) The 

rapid rate of pH drop may have had a remarkably inhibitoxy effect on L. sake; (b) A large 

number of L. s& celis died at 12"C, due to the depletion of nutnents nom the M M R S  

broth. As discussed in the previous pH test, such a significant decrease in numbers of L. 

s& c d s  may not likely happen in meat systems due to their higher b u f f e ~ g  capacity and 

relative abundance o f  nutrients. 

For L c w v d w  strains, there were signxcant differences in growth at the different 

temperatUres, esespecidy for stralli No. 10. At 2"C, the final bacterial numbers did not change 

much from their initial inocuIum Ievel. At 6"C, cell nurnbers were a little bit lower than at 

2OC, where the incubation time was much longer. At 12OC, however, the bacterial numbers 

reached 1 O' - 109 CFU/d, and this was an indication that the difference in growth rate 

between 2°C and 6°C was not as significant as that between 6°C and 12°C. The final pH of 

the broth did not drop remarkably at each of the 3 ternperatures. 

4.1.2.5 Summary 

Two Lc. mesenteroides strains (No. l and No. 1 l), two L. arvatus strains (No. i O 

and No. 15), and two L sake strains (No.6 and No.9) were selected for individual inhibitory 

factor tests after screening growth data (viable cells) from 14 LAB strains by incubating 

them in standard MMRS broth (2.5% NaCI, 100 ppm NaNO, 1% sucrose, pH 6.0) 

anaerobicdy at 6'C for 2 weeks. 

NaCI (%%) had a significant inhibitory effect on the growth capability of Lc. 



mesenteroides and L. sake strains at 6°C but had no effect on L. auvatus strains. Sodium 

nitrite (s 200 ppm) had little effect on the growth of spoilage LAB strains in MMRS broth 

at 6' C. Different incubation temperatures had a significant effect on the gowth of ail 3 

species. It appeared that L m~vaftcs and L sclke grew h e r  at elevated temperature (12°C) 

than leuconostocs. The initial pH also had significant efEect on Le- mesenteroides and L. 

sake but had linle effect on L. curvatus. At pH 5.5, lactobacilii grew better than 

leuconostocs. From Figures 17-20, it was also noted that there was a sirnilar response for 

mains within the sarne species to the challenges of NaCI, NaNO, pH and temperature. 

It was observed that at high initial pH (6.5) or "abusive" incubation temperature 

(12"C), L. sake strains, especidy No.9, suffered ffom what appeared to be self-induced 

lethality - lots of dead celis were found in the broth by visual estimation versus viable 

counts. It was estimatecl that ce11 numbers had probably reached 10' - 101° CFUfml at peak 

growth. Accompanying this phenornenon was a remarkable pH drop (> 1 .O unit) in the broth 

which indicated a large amount of acid was produced during growth. 

AIthough the literature indicated that NaCl had little inhibitory effect on the growth 

of spoilage LAI3 (Mol et al., 1971; Korkeala et al., 1990). in the present study it was shown 

that the growth ability of Lcmesenteroides and L .sake was significantly stronger in the 

presence of 2.5% NaCl than in 4.0% NaCl at 6°C. However, except in dry fermented 

sausages which may have higher salt concentration (ca. 5%) in the final product, the normal 

NaCl concentration in vacuum-packaged cooked cured meats is about 2.5%. Therefore, 

NaCl at 2.5% plus varied incubation temperature and initial pH, which showed a substantial 

effect on the growth of spoilage LAB in the single inhibitory factor tests, were chosen as 



test variables in combination with 100 ppm NaNO, in the dorninance tests for mixed 

cuItures. 

From the information obtained in the individual factor tests, it suggeaed that arnong 

these 3 groups of LAB, L. sake would dominate in cured meats at 6 or 12°C. At these 

ternperatures, L. curvatus also would outgrow Le. mesenteroides. At 2"C, ail 3 groups 

grew well although t was generaiiy believed that Lc. mesenteroiicies could not compete with 

lactobacilli at low temperatures. Maybe strain No. l and No. 1 1 are two low-temperature- 

tolerant Leuconostoc strains. 

Based on their growth capability in the individual tests, Lc. mesenteroides drain 

No. 1 ,  L. sake strain No.9 and L cwvdrrs strain No. IO were chosen for the dominance test. 

Although strain No. 15 grew better than No. IO at different temperatures and pH levels, 

No. IO was chosen for the rnixed-culture test because it was sensitive to the bacteriocin 

produced by No. 1 and it was thought that its use might bring some understanding about the 

role of bacteriocins in the dorninance of spoilage LAB strains. 

4.5 Dominance Test 

4.5. L. Dominance Tests With Equai Initial Ratio (10': 104 CFUlml) 

The effects of initiai pH and incubation temperature on Lc. mesenteroides strain 

No. 1 and L. curvatus strain No. 1 O in mixed inocula at an initial ratio of 1 04: 1 O' (CFU/ml) 

are presented in Figure 21A (detailed data are presented in Appendix 1 1). 

When Lc. mesenteroides and L. curvatus were present at sarne initial level (104 

CFU/ml), initiai pH , temperature and their interaction had significant effeas on their 



A: Effects of pH and temperature on the growth of 
Lc mesenteroides and L cunatw 

Temp (OC) 2 

B: Effects of pH and temperature on the growth of 
Lc ltte~enteroides and L sake 

Temp (OC) 2 

Figure 21. The effect of initial pH and incubation temperature on the growth of 
Lc. mesentetoides and L. curvatudsake in mixed cultures at an equal initial ratio 

(104: 104 logCN/rnl).Lc: Lc. mesenteroides ; Lb: Lactobaciiius sp. 



growth and dominance. When present in mked cultures, Leuconostoc strain No. 1 did not 

grow wel at 2OC &er 5 weeks' incubation (especially at pH SS), which was quite different 

From the result obtained in the individual inhibitory factor test. However, at 6" C, Lc. 

mesenteroiaks outgrew L cuwatzis by 1-2 logCFU/mI. Just like in the individual factor tests, 

pH had little effect on the growth of L, cumatus- The numbers of L. mrvatus reached 5 

logCFU/rnl at aIl3 pH levels, which was only 1 logCFU/ml higher than the initial inoculum. 

At 12"C, pH had no effect on either No. l or No. 10. Straïn No. 1 O reached 1 0'- 1 O9 CFUImi 

and No. 1 was one or two 1ogCFUlrnl lower at d 3 pH Ievels. This indicated that for strains 

No. 1 and No. 1 O, temperature was more signincant than pH in detemiining dominance. At 

6'C, Lc. mesenterozdes was more Iikely to dorninate in the rnixed culture while at 2" C and 

12"C, L CUI~~UIUS was dominant. At 2°C with an initial pK of 5.5, both No. 1 and No. 10 

were inhibited and viable ceIl numbers could be kept at 3 IogCFUlml if the initial bacterial 

load were low (4 logCN/d) .  

The growth patterns of strain No. 1 and L sake (No.9) at equal initial inoculum ( 1 O' 

C W )  with diierent pH and temperature conditions are presented in Figure 2 1B (detailed 

data are recorded in Appendix 12). Again low temperature (2' C) had a substantial inhibitory 

impact on the growth of No. 1. At al1 pH levels the ce11 number of strain No. 1 remained 

constant or decreased (< 10' CFU/rni), resulting in the dominance of No.9. However, 

temperatures had little effect on the growth of L. sake strain No.9. At pH 5.5, both No. 1 

and No.9 grew poorly (1 03- 10*CFU/d) but both of them reached l0'-10' CFU/d at pH 

6.0 and 6.5 (except No. 1 at 2°C). It was noted that in the dominance test, there was no self- 

inûicted mortaiity as happened to No.9 at 6'C and pH 6.5 (which was fiequently observed 
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in the individual uihibitory fkctor test). This rnight have been the result of competition of the 

mixeci cultures for nutnents, which retarded the onset of peak growth of No.9 so that at the 

time of samphg, No.9 was still in a state of rapid ce11 division. Results showed that a 

combination of low initial pH (5.5)with low temperature (2°C) could be used as a possible 

means to extend the shelf Me of vacuum-packaged cured meats if the initiai bacteriai load 

were low. Unfortunately, present day cured meat formulations have pH levels that range 

between 6.0 and 6.5. 

4.5.2. Dominance Tests With Unequal Initial Ratio (10': IO4 or 104: 107 CFüIml) 

The effed of pH and temperature on the growth of Lc. mesenteroides grain No. 1 

and L. curvatus main No. 10 or L. sake strain No.9 at unequal inocula levels (10': 104 or 

IO4: 107 CFU/ml) are presented in Figure 22 and Figure 23 (detailed data are presented in 

Appendices 13- 16). It was found that dominant bacteria always grew from the originaiiy 

larger bacterial group. However, at 2°C when the initial number of Leuconostoc strain No. 1 

was larger, the h a 1  number of No.1 was less than 1 logCFüImI higher than the 

Lactobacillus strains. This was caused by the sensitivity of No. 1 to low temperature. In 

other cases, the initially dominant strain was 1-2 logCFü1ml higher than its opponent. At 

the end of the test, t was found very hard to enumerate the LAB strain with lower number 

on M5 plates when the other strain was r 2 IogCFUImi higher. In some cases, for example, 

when No.9 reached IO* CFU/mi, a number - 6 IogCFUIml was recorded arbitrarily for No. 1 

because the level of No. 1 was les  than 1 o6 CFU/ml and it was impossible to determine their 

numbers accurately. 



A: Effects of pH and temperature on the growth of 
Lc mesenfemid' and L eumatus 
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B: Effects of pH and temperature on the growth of 
Lc mesenteroides and L sake 

Temp CC) 2 

Figure 22. The effect of initial pH and incubation temperature on the growth of 
Lc. mesenteroides and L. ctlrvatudsoke in mixed cultures at unequal initial ratio 
(1 04: 1 O' logCFLl/ml). Lc: Lc. mesenteroides ; Lb: LactobuciIZ~s sp. 
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A: Effects of  pH and temperature on the growth of 
Lc mesenteroki'es and L curvatrrs 

Temp (OC) - 2 

B: Effects of pH and temperature on the growth of 
Lc mesentetoides and L saRe 

Temp ("C) 2 

Figure 23. The effect of initial pH and incubation temperature on the growth of 
Lc. mesenteroides and L curvatudsake in rnixed cultures at unequal initial ratio 
(1 0': 1 o4 logCFW/ml). Lc: Le. mesenteroides ; Lb: LkctobaciIIt~s sp. 
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Lactobacillus strains No. 9 and No. 10 were sensitive to the bactenocin produced 

by Leuconostuc strain No. 1, but there was no substantial inhibitory effect observed in this 

mixed-culture study (Figure 22), aithough there was evidence that in some cases the 

presence of bacteriocin-SeflSitive bactena in broth may significantly enhance the bacteriocin 

production by the bacteriocin-producing strain (Sip et al., 1998). Nonetheless, our earlier 

inability to detect bactenocin production by producer strains in broth media may mean that 

mode1 experiments where broth is used to test for dominance are biased and insensitive to 

the true influence of baaenocins in deteminhg dominance on solid substrates. 

4.5.3. Surnrnary 

When present in mixed cuitures, Leuconostoc strains did not grow weîi at 2°C and 

an initial pH of 5.5,  compared with lactobacilli. At normal pH (6.0 and 6.5) and higher 

temperatures (6'C and 12"C), dominant bacteria always grew fkom the originally larger 

bacterial group. When leuconostocs and lactobaciüi were present in equal initial numbers, 

IactobaciUi dorninated at 2°C and pH 5 .  S. In the Lc. mesenteroides and L. cu17rutu.s systern, 

Le. mesenteroides dominated at 6°C (pH2 6.0) while L. curvatus dominated at 12°C 

(pH26.0). In the Lc. mesenteroirites and L. s d e  system, there was no significant differences 

in number between Lc. mesenterozdes and L. sake (temperature26OC , pHz6.0). 

4.6. Differential Enurneration of Bacterial Strains by PFGE 

An M5 plate prepared fiorn a mked MRS broth containhg 3 difEerent LAB strains 

(No.3. L O and 1 3) and h a h g  about 100 colonies was enumerated. The number of blue 



colonies (L. cwyatw stmins No.3 plus No. 10) was 98 and the number of white colonies, 

which were Leuconostoc strain No. 13, were found to be 18. Ushg Harrison's disc (Page 

55, Chapter 3). 10 colonies were randornly chosen for this modifieci PFGE analysis. The gel 

image of PFGE analysis fkom this differential enurneration experiment is presented in Figure 

24. 

In t his analysis, a blank agarose gel slice (CO ntrol) was cut 1/3 srnaller in size for easy 

recognition when loaded to the wek. Two blank slices were loaded at designated wek 

(Lane B and B'). Other digested DNA slices were randomiy loaded into the other wek. 

From Figure 24, it was easy to determine that Lane F', D' and C' were strain No. 10, Lane 

E', A', A, E and F were strain No. 3 and Lane C and D were strain No. 13, when compared 

with the reference result (Figure 9). Therefore, the ratio of strains No. 13, No. 10 and No.3 

was 2:3:5. 

Then calculation of the number of each strain on the M5 plate was completed given 

that the total number present was 116 colonies (98+18). It was estimated that there were 

23 colonies of No. 13 ( 1 l6x2/(2+3+5)), 35 colonies of No. 10 (1 l6x3/(2+3+5)) and 58 

colonies of No.3 (1 16~5/(2+3+5)). Cornpared with the results obtained with differentiai 

enurneration by color (18 vs. 98)' the estimated number for No.13 and lactobacilli. 

respectively, by PFGE was quite cbse (23 vs. 93). However. what is unique fiom the PFGE 

method is that the 2 different strains of L. ccïrvatrrr can be differentiaily enurnerated as weU. 

In rnicrobiological research, sometimes it is necessary to know the number of each 

strain in a rnixed culture. For example, in order to take a look at the effect of in siru- 

produced bacteriocin on a bacteriocin-sensitive strain. it is necessary to track the growth of 



Figure 24. PFGE patterns of the genomic DNA digested with SmaI for strain No. 3, 1 0, 1 3 
to validate the newly developed PFGE dflerential enurneration method. The central lane 
marked with "M" is the size standard. The unit of the numbers is kb. Blank agarose gel 
slices were intentionaiiy loaded in Lanes B and B'. 



each of two strains. Lactic acid bacteria are a group of microorganisms that share a lot of 

growth requirements and biochemical similarities. usually it is dif£icuIt to find a suitable 

medium for differential enumeration, especially for the strains within the same genus or 

species. The methods cornmoniy used for designing selective or differential media are based 

on the observation of merences in antibiotic resistance and sugar fermentation. However, 

these methods can only by applied to those organisms possessing unique biochemical 

properties. Nissen et ai., (1996) developed a method for differential enurneration of 

Cmnobacterium spp. and Leuconostoc spp. by rRNA probes labeled with 3?. However, 

these probes were ody genus-specific and it was not possible for strain identification within 

genus or species. 

PFGE is a powerful genotyping method for bacterial strain characterization. This 

newly developed method aui also be utilized to provide a universal rnethod for daerential 

enumeration of bacterial strains in rnixed cultures. Using this method, more than 2 strains 

can be enumerated fiom a single mixture, which is another advantage over conventional 

differential media. The key innovation of this method is the simultaneous digestion 

procedure during which, a group of siices, each contairing DNA from different colonies on 

the same agar plate, were mixeci together in one Ependofltube and the digestion was done 

in this single tube. This procedure saved a considerable arnount of tirne, energy and cost. 

Since the anaiysis of one plate needs only one tube, several plates can be analyzed together 

to promote efficiency. After digestion, slices cm be loaded in the wells randomly because 

one is or@ interested in the electrophoresis pattern and the number of identical lanes in the 

gel image, not the order of the lanes. The control test (Figure 24) verified that the 



"composite-simultaneous" method did not affect the proper digestion of the DNA in each 

slice. The DNA-fiee agarose gel slices rernained clean and clear in the PFGE analysis, which 

indicated that no DNA fkgments causeci cross-contamination. The reason is quite obvious: 

the DNA fragments (kb) were hnobilized in the agarose gel matrix and could not easily 

move around. 

Another novel aspect of this technique is the direct incorporation of bacterial ceiis 

fiom individuai colonies into low melhg point (LMP) agarose. This involved growing celis 

to a colony size of 0.5-1.0 mm in diameter (to obtain enough DNA matenal for PFGE 

analysis) and subsequently dispensing the cell cluster directly into 40°C LMP agarose gel 

(1%). 

This PFGE dBerentiaI enurneration technique is a reliable method because in most 

cases the DNA restriction pattern does not change when the bactena encounter various 

physical or chernical challenges. Aithough it is still an estimation (not direct counting), it 

does provide informative results that can not be achieved by conventional methods. This 

procedure wiIi be very useful in future work when the dominance patterns of strains within 

the sarne genus or species are investigated and dso can be extended to research on other 

biological species. 



CBAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Results of the microbial anaiysis of the vacuum-packaged siiced ham and comed 

beef samples revealed that both homofermentative lactobacilli and leuconoaocs were 

present in the spoiled meat and the number of these LAB reached 10'- 1 O' C F U / ~ '  on the 

meat surface. The number of homofennentative lactobacilli was a Little bit higher than 

leuconostocs but no more than one order. The organisms that formed ropy slime on the 

comed beef samples los their ropy slimeproducing capability on agar plates. The bacterial 

number in the s h e  was one to two orders higher than on the meat surface. Compared with 

the control sample, the addition of sucrose to the comed beef samples did not change the 

dominance pattern of the LAB since the later API tests indicated that aii LAB strains 

isolated from comed beef samples were able to utilize sucrose anaerobically. 

Data indicated that APT, MRS, MRSD and MS media were al1 suitable for the 

recovery and cultivation of LAI3 isolates. The color (blue or white) of the coionies on MS 

agar sometimes was not stable and appeared to be strain dependent. Incubation of M5 

plates at 2S°C anaerobicdy for 36 h was found suitable for clear differentiation of LAB 

strains under study. 

From the rnorphologicai characteristics, key biochemical reactions and the results 

of the API 50 CHL tests, the strains isolated h m  sliced ham samples were identified as 

Lac~ob~ciiius mrvatus and Leuconostoc mesenteroides ss p. mesenteroides strains, and the 
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isolates €iom the comed beef samples were identified as Lactobacillus sake and 

Leuconostoc mesenteroides ssp. mesenteroides strains, respectively. Pulsed-field gel 

electrophoresis (PFGE) of the LAB genomic DNA with SmaI digestion distinguished al1 

the LAB saallis under study. Some isolates nom the meat samples which shared identical 

API profiles were identified as one strain after the PFGE anaiysis. Different strains 

possessed dierent PFGE profles. No strains under study shared very close sllnilarity such 

as 2-3 band Merences in their macrocleavage pattems, and this indicated that these mains 

are not genetically closely related to each other. H owever, a RESTML andysis of the 

PFGE pattems of 7 Leuconostoc strains revealed that two bacteriocin-producing strains 

(No. 1 and No. 1 1) both isolated from Quebec had closer a relationship than the others. 

The &es of the DNA fkagments digested with SmaI for Lc. mesenteroides ranged 

nom 230 kb to 10 kb and the size range for L. cwwtus and L. sake was nom 1 10- 13 0 kb 

to 6 kb. It was easy to differentiate Leuconostoc and Lactobacilfus spp. by direct 

cornparison of their PFGE gel patterns. However, dxerentiation of L Curvatus and L. soke 

by PFGE only was problematic since these two species shared similar digested DNA size 

range. 

A "composite-sirnultaneous" restriction endonuclease digestion method was 

developed which enabled differential enurneration of LAB strains by PFGE. 

Arnong 20 LAB strains, two Lc. mesenteroides strains (No. 1 and No. 1 1) and one 

L. sake strain (CBLb2) were able to produce bactenoch and two L. sake strains (No.6 and 

No.9) and one L cu~atrrs strain (No. 10) were found to be sensitive to these bacteriocins. 

AS reported in other studies, these bacteriocin-producing bacteria could only produce 



bacteriocin on the agar surface. 

m e r  screening growth data(viable ceiis), two strains fkom each species (L. 

curvatus and L. d e )  were selected for individual inhibitory factor tests. Low 

concentrations of NaNO, (<200 ppm) had Iittle effect on the growth of spoilage LAB 

strains in MMEG broth at 6°C. High levels of NaCl (> 4%) had a significant inhibitory 

effect on the growth capability of Lc. mesenteroides and L. sake strains at 6°C but had no 

&i on L nainahrr strains. The initial pH of the MMRS broth also had sigruficant eEect 

on Lc. mesenteroides and L. s& but had iittle effect on L. nuvuius. LactobaciiIi grew 

better than Lc. mesenteroiaks at pH 5.5. DEerent incubation temperatures had a significant 

e f f i  on the growth of a i l  3 species. It appeared that L. curvuhrs and L. sake grew faster 

at 12°C than Lc. mesenteroides. It was dso noted that there was a sirnilar response for 

strains within the sarne species to the challenges of NaCI, NabQ, pH and temperature. 

Based on their growth capability in the individual tests, Lc. mesenteroides strain 

No. 1 ,  L. sake main No. 9 and L. mrvatus strain No. 1 O were chosen for dominance tests. 

When present in mLced cultures, the Leuconostroc strain did not grow well at 2°C and initial 

pH 5.5, compared with lactobacilli. At nomal pH (6.0 and 6.5) and higher temperatures 

(6°C and IPC), dominant bacteria always grew ftom the onginally larger bacterial group. 

When leuconostocs and lactobacilli were present in equal initial numbers, lactobacilli 

dominated at 2°C and pH 5.5. In the Lc. mesenteroides and L. czrrvatus system, Lc. 

mesenteroiriies doominated at 6°C (pH26.0) while L. cun>arus dominated at 12°C (pH~6.0).  

In the Lc. mesenteroides and L. sake system, there were no signiticant dïerences in 

number between Lc. mesenteroides and L. sake (temperaturer6"C , pH26.0). NO 



substantial inhibitory effkct of bacteriocin was O bserved in the mixed cultures. 

Recommendations for future research based on this midy would be: 

Search for a suitable method to break up the chains of leuconostocs without 

producing ce11 injury for their accurate enumeration on agar plates. 

Search for an antibiotic-based selective medium for Iactobacilli or leuconostocs in 

mixtures since MS is not suitable for successft1 enumeration when there is more 

than 2 logCFU/rni dserence between the numbers of these two genera. 

In order to save tirne and cost in future svain isolation and identification processes 

PFGE analysis should be conduaed ahead of the APT tests since strains that have 

an identical PFGE pattern are not likely to show any difEerence in the API test. 

In fùrther PFGE study of L cmmïus and L sake, multi-enzyme restriction analysis 

plus phylogenetic study (e-g. RESTML) should be done to clearly dserentiate 

these two species. 

To avoid the depletion of nutrients in MMRS broth during the long-term 

incubation, double-strength broth could be used. Continuous observation of LAB 

growth should be carried out to characterize the growth rate and growth peak 

during the challenge of each inhibitory factor. 

Investigation of strain dominance in a meat system should be carried out to validate 

the results obtained in the in vibo tests. The e f f i  of bacteriocin production should 

be re-evaluated since mat surfaces are physically similar to conditions existing on 

agar media The PFGE dEerential enumeration method can be used in multi-strain 

inoculation studies. 
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Appendices 



Appendïx 1. Chemicals 

C hemicals Manufacturers 

Trypticase peptone 

Yeast extract 

Protease peptone No.3 

B eef extract 

Agar granulated 

Tween 80 (polysorbate 80 USP) 

Fructose 

D-(+)-glucose 

D-(+)-trehaiose 

Melibiose 

Maltose 

L-(+)-arabinose 

D-amygdalin 

Potassium dihydrogen phosphate 
(KH2POJ 

Becton Dickinson and Co., CockeysviIle, 
MD 

Difco Laboratories, Detroit, Mi 

Difco Laboratories, Detroit, MI 

Difco Laboratories, Detroit, MI 

Becton Dickinson and Co., Cockeysville, 
MD 

Fisher Scientific Inc., Nepean, ON 

Mallinckrodt Speciaity Chemicals Co., 
Paris, KT 

Sigma Chemicai Co., St. Louis, MO 

Sigma Chernical Co., St. Louis, MO 

Sigma Chemicai Co., St. Louis, MO 

Difco Laboratories, Detroit, MI 

Sigma Chemicai Co., St. Louis, MO 

Sigma Chernical Co., St. Louis, MO 

Mallinckrodt S peciaity Chemicals Co., 
Paris, KT 



Appendix 1. (Contimed) 

C hemicais Manufacturers 

Dipotassium hydrogen phosphate 
(K,mo3 

Disodium hydrogen phosphate 
w w ' O 4 )  

Magnesium sulphate (MgSO; X z O )  

Manganese sulfate (MnS04- H,O) 

Hydrochloric acid (HCI) 

Sodium hydroxide (NaOH) 

Potassium hydroxide (KOH) 

Hydrogen peroxide (H,OJ 

Barium chionde (Bac13 

Sulfùric acid (H,SO,) 

Sodium chloride (NaCl) 

Sodium nitrite (NaNo,) 

Mallinckrodt Specialty Chemicais Co., 
Paris, KT 

Maiiinckrodt Specialty Chernicais Co., 
Paris, KT 

Mailinckrodt S pecialty Chemicais Co., 
Paris, KT 

Mallinckrodt S peciaity Chemicais Co., 
Paris, KT 

Fisher Scientific Inc., Nepean, ON 

Mallinckrodt Speciaity Chernicals Co., 
Paris, KT 

Mallinckrodt S pecialty Chemicals Co., 
Paris, KT 

Fisher Scientific hc., Nepean, ON 

Mallinckrodt Specialty Chemicals Co., 
Paris, KT 

Fisher Scientific Inc., Nepean, ON 

Sigma Chernical Co., St. Louis, MO 

J.T.Baker Chernical Co., P hillipsburg, NJ 



Chernicals Manufacturers 

Potassium iodide (KI) Fisher Scientific Inc., Nepean, ON 

Mercuric iodide (HgIJ Fisher Scientific Inc.. Nepean, ON 

Ammonium citrate Anachernia, Rouses Point, NY 

Sodium acetate Mallinckrodt S pecialty Chernicals Co.. 
Paris. KT 

Sodium citrate Anachemia, Rouses Point, NY 

Caiciurn pantothenate Sigma Chemicai Co., St. Louis, MO 

Polymyxin B sulfate Sigma Chernical Co., St. Louis, MO 

L-cysteine hydrochloride Sigma Chernicai Co., St. Louis, MO 

L-arginine h ydrochlo ride Sigma Chemical Co., St. Louis, MO 

B romocresol green Sigma Chernical Co., St. Louis. MO 

Bromocresol purple Sigma Chemicai Co., St. Louis, MO 

Phenol red Difco Laboratories, Detroit, MI 

Fast green FCF Anachernia, Rouses Point, NY 

Minera1 oi1 Sigma Chernical Co., St. Louis, MO 

Disodiurn EDTA Fisher Scientific Inc., Nepean, ON 



Appendix 1. (Continueci) 

C hemicals Manufacturers 

TrisHC1 

Sarkosyi (N-lauroylsarcosine) 

Sarcosine 

Mutanolysin 

RNase (ribonuclease A) 

Proteinase K 

Catalase (nom bovine iiver) 

T rypsin 

Pro tease 

Agarose (for PFGE running gel) 

Low melting point agarose 

Phenylmethylsulfonyl Buonde (PMSF) 

Acetylated bovine semm aiburnin 

Restriction endonuclease SmaI 

Restriction endonuclease AvrII 

Sigma Chemical Co.. St. Louis, MO 

Sigma Chemical Co., St. Louis. MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemicai Co., St. Louis, MO 

Sigma Chemicai Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Sigma Chernical Co., St. Louis, MO 

Promega Corporation, Madison, WI 

Promega Corporation, Madison, WI 

Promega Corporation, Madison, WI 



A ppendix 1. (Contimed) 

C hemicais Manufacturers 

Ethidium bromide Sigma Chernical Co.. St. Louis, MO 

Pulse marker @NA size standards, 0.1 - Sigma Chemical Co., St. Louis. MO 
200 kb) 

Morpholinoethane sulphonic acid (MES) Fisher Scientific inc.. Nepean, ON 



Appendu 2. Media and reagents 

Mediaireagents Manufacturerdreferences 

MRS broth 

APT broth 

M5 agar 

MRSD agar 

CO, production test broth 

Arginine hydrolysis test broth 

Nessler's reagent 

Sugar fermentation test brot h 

McFarland standards 

TrisHCI-EDTA (TE) buffer (pH 7.8) 

TrkHCl-Borate-EDTA (TBE) buffer 

EDTA-Sarcosine (ES) buffer (pH 9.2) 

EDTA-Proteinase K-Sarcosine(ESP) 
buffer (pH 9.2) 

Difco Laboratones, Detroit, MI 

Becton Dickinson and Co., Cockeysville, 
MD 

Zuniga et al., 1995 

Holley and Millard, 1 993 

Schillinger and Lucke, 1987 

SchiUinger and Lucke, 1987 

Hanigan and McCance, 1976 

Schillinger and Lucke, 1 987 

Finegold and Martin, 1982 

Sigma Chemical Co., St. Louis, MO 

Sigma Chemical Co., St. Louis, MO 

Smith and Cantor, 1987 

Smith and Cantor, 1987 

Restriction endonuclease buffer Promega Corporation, Madison, WI 



Appendix 2. (Contirneci) 

Medialreagents Manufacturerdreferences 

Modified MRS (MMRS) broth Formula and preparation procedures are 
specified in the Methods part. 



Appendix 3. Supplies and instruments 

Supplies/instruments Manufacturers 

Iso-@da hydrophobic grid membrane fïiters QA Labs Ltd., Toronto, ON 
(HGMF), oItration towers and clamps 

Petri dishes Fisher Scientific Inc., Nepean. ON 

Seward medicai stomacher bags and Seward Laboratory, London, UK 
Stomacher lab-blender, mode1 400 

Accumetm pH meter 9 10 Fisher Scientifïc Inc., Nepean, ON 

Stainless steel core device (306 stainless steel manufactured in workshop, 
pipe with beveled edge, 10 cm in diameter) University of Manitoba 

0.2 um, 25 mm disposable Nalgene W g e  Fisher Scientific Inc., Nepean, ON 
filters 

5 cc disposable B-D syringes and needles Fisher Scientinc Inc., Nepean, ON 

0.1- IO, 1-100, 100-1,000 Eppendorf Fisher Scientific Inc., Nepean, ON 
Reference pipetters 

Vortex Genie-2 mixer Fisher Scientific Inc., Nepean, ON 

BBL Gas~ak* CO, atmosphere anaerobic Becton Dickinson and Co., 
system (including jars, disposable GasPak Cockeysville, MD 
plusm envelops with palladium cataiyst and 
disposable anaerobic indicators 

Quebec' dark-field colony coonter Amencan Opticai Scientific 
Instmment Division, Buffalo, NY 

Microscope slides and cover glas Fisher Scientific Inc., Nepean, ON 



A p pendù 3. (Contimed) 

Supplies/instruments Manufacturers 

API 50 CHL carbohydrate metabolism system BioMérieux SA Marcy-I'Etoile, 
France 

Deli # 1 high O2 barrier pouches Winpak Inc., Winnipeg, MB 

Bizerba GM 2002 vacuum packager Bizerba Inc., Mississauga, ON 

Somall superspeed RC2-B automatic Ivan Somali Inc., Norwalk, CT 
refiigerated centrifuge 

Zeiss universal research microscope Car1 Zeiss Inc., Oberkochen, 
Germany 

96 weil Falconm 3072 Microtest III tissue Becton Dickinson and Co., Lincoin 
culture plates Park, NJ 

Gene NavigatoP pulsed-field gel Pharmacia Biotech AB, Uppsala, 
electrophoresis systern (including the Sweden 
electrophoresis unit, hexagonal electrode, GN 
controller, ESP 600 power supply and other 
accessories such as molds, combs, gel 
supporting tray and staining tray) 

Haake G therrnostatic circulator Gebr. Haake GrnbH, Karlsruhe, 
Germany 

Ultraspec 2000 UVhisible spectrop hotometer Pharmacia Biotech AB, Uppsala, 
Sweden 

Disposable 4.5 ml plastic cuvettes Fisher Scientific Inc., Nepean, ON 

Parafilm "M"@ laboratory film American National Can Inc., 
Chicago, IL 



Sup plies/imstruments Manufacturers 

Gel Doc 1 O00 video gel documentation Bio-Rad Laboratories Ltd., 
system Richmond, CA 

controlled environment Uicubator shaker Lab-Line Instniments, Inc., Melrose 
Park, IL 

Polaroid 667 film 

Polaroid MP4 Iand camera 

Polaroid Canada Inc., Etobicoke, 
ON 

Polaroid Canada hc., Etobicoke, 
ON 



Appendix 4. Standard procedure for LAB arain maintenance. (Adopted from G. E. 
MiUard, Center for Food & Animal Research, Agriculture and Agn-Food Canada, Ottawa) 

1. Grow culture 24-48 h using APT ( M R S )  broth aerobicdy at 2S°C. 

2. Streak for purity. Examine for morphology, Gram reaction (3% KOH), catalase (3% 
H20J Re-isolate back to APT (MRS) broth for a second penod of growth. 

3. Centrifuge the second broth culture. Decant the supernatant and resuspend the pellet 
in 1.5 ml fiesh broth. 

4. Add 0.75 ml filter-sterilized giycerol(SO% v/v) and mix thoroughly. 

5. Add 0.3 ml of the final suspension to each of 6 labeled cryogenic vials and freeze at 
-80°C. 

6. Check resuscitation of one viai after more than 30 days storage and if successful, store 
remaining vials in coded containers at -80°C indehitely. 



Appendix 5. Carbohydrate utilization by the spoilage LAB isolated fiom meat samples 
using the API 50 CHL System. ' 

Control 

Glycerol 

Eqahritol 

D-Arabinose 

L-Arabinose + 

Ribose + + 

D-Xytose + 

L-Xylose 

Adonitol 

P-Methyl- 

qdoside 

Galactose + + + + + 

D-Glucose + S g g + + 

D-Fruc tose + g g g + + 

D-Mannose + + + g + + 

L-Sorbose 

Rhammose 

Dulcitol 

Inositol 

Mannitol 

Sorbitol 

a-Methyl-D- 

mannoside 

a-Methyl-D- t + + + + + + 

glucoside 



Appendix 5. (Contimed) 

N-Acetyl- t + + g + + + !5 + 

gIucosamine 

Arnygdalin 

Ahutin 

Escuiin 

SaIicin 

Ceiiobiose 

Maltose 

Lactose 

Melibiose 

Sucrose 

Trehalose 

Intifin 

Melezitose 

D--nose 

S tarch 

Glycogen 

Xytitol 

B Gentiobiose 

D-Turanose 

D-Lyxose 

D-Tagatose 

D-Fucose 

L-Fucose 

D- Arabitol 



48 2-Keto- 
giuconate 

giuconate 

' Symbols: "+" - positive result (the color of the test medium changed fiom blue to 
yeiiow). "g" - positive result accompanying gas production. Space - negative result. 



Appendïx 6. Growth ability of a number of spoilage LAB strains in standard MMRS 
broth. 

Lacono.sioc mesenteroides L. curvatus L. mke 

S train LogCFU/ml Strain LogCFU/mi Strain LogCFU/mi 

No. 1 7.40 * 0.432" No. 3 7.25 * 0.68' No. 6 

No. 1 1 7.14 * O. 19" No. 5 7.55 * 0.44" No, 9 

No. 13 7.50 k 0.33" No. 10 7.32 k 0.55' No. 14 

No.33 7.02 0.2 1" No- 15 7.53 * 0.42' No34 

No23 7.36 * 0.44' 
No35 7-92 * 0.22' 

' Numbers of bacteria were determined after incubation at 6°C anaerobicdly for 2 weeks 
(see Chapter 3). 
' Mean viable cell concentrations of 3 replicates * standard deviation. 
*b Means within the same column with different superscript are significantly different (p c 
0.05). 



Appendïx 7. Growth of  LAB in MMRS broth and the final pH o f  the broth with different 
concentrations of NaCl. ' 

- 

S t rain" LAB (logCFU/rnl) at different NaCl concentrations (%) 

t number of bacteria were deterrnined after incubation at 6°C anaerobically for 2 weeks (see 
Chapter 3). 

' strain identities are listed in appendix 6. 

' mean viable ce1 concentrations o f  3 replicates * standard deviation. 

' mean final pH values of 3 replicates (al1 standard deviations < 0.05) 

means within the sarne row with diaerent superscript are significantly different (P<0.05). 



Appendù 8. Growth of LAI3 in MMRS broth and the b a l  pH of the broth with dserent 
concentrations of NaNOL1 

- - 

s train" LAB (logCFU/mi) at different NaNO, levels (ppm) 

100 150 200 

#15 7.58 * 0.27' 8.06 * 0.28' 7.71 * 0.18" 
(5.70) (5 -78) (S. 82) 

1 number o f  bacteria were determinecf after incubation at 6°C anaerobically for 2 weeks (see 
Chapter 3). 

' strain identities are listed in appendix 6. 

3 mean viable ce11 concentrations of 3 replicates * standard deviation. 

mean final pH values of 3 replicates (al1 standard deviations c 0.05) 

' meam within the sarne row with different superscnpt are significantly different (P<0.05). 
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Appeadix 10. Growth of LAI3 in MMRS broth and the final pH of the broth at different 
incubation temperature. ' 

Strain' LAB (logCFW/rnl) at dinerent temperature (OC) 

2°C 6°C 12°C 

' number of bacteria were determine- after 5 weeks for those incubated at Z°C, 2 weeks for 
those incubated at 6°C and one week for those incubated at 12°C (see Chapter 3). 

' strain identities are listed in appendix 6. 

' mean viable ce11 concentrations of 3 repiicates standard deviation. 

' mean final pH values of 3 replicates (al1 standard deviations < 0.05) 

4hcmeans within the same row with diierent superscript are significantly difEerent (P<0.05). 



Appendix II .  Effect of initiai pH and incubation temperature on the growth of Lc. 
mesenteroi&s arain No. 1 and L. cumztus strain No. 10 in mixed inocula at an initia1 ratio 
of I 04: I o4 (CFUM). 

Temperature p H  Lc (logCRl/ml) Lbc (logCFü/ml) log(Rati0) ' 
1 2°C 5.5 7.07 0.24 8.48 * 0.26 -1.41 

1 sym bols: Lc: numbers of Leuconostoc mesenteroides (logCFU/ml); L bc: numbers of 

Lactobacihs mrvatus (logCFU/rnl). 

' log (Ratio) = Lc - Lbc. 

3 mean viable ce11 concentrations of 3 replicates * standard deviation. 



Appendk 12. Effect of initial pH and incubation temperature on the growth of Lc. 
mesenteroides strain No. 1 and L. sake strain No.9 in mixed inocuta at an initial ratio of 
1 04: 1 o4 (CWM). 

Temperature pH Lc (10gCFUlml) Lbs (logCFU/d) log(Rati0) " 

l symbols: Lc: numbers of Leuconostoc mesenteroides (logCFU/ml); L bs: numbers of 
Lac tobacillus sake (logCFU/ml) . 

' log (Ratio) = Lc - Lbs. 

mean viable ce11 concentrations of 3 replicates * standard deviation. 



Appendix 13. Effea of initial pH and incubation temperature on the growth of Lc. 
mesenteroi&s straui No. 1 and L. curvutus strain No. 10 in mixed inocula at an initial ratio 
of 10': I 0' (CFUM). l 

Temperature pH Lc (1ogCFUlml) Lbc (logCFU1ml) log(Rati0) ' 
12°C 5.5 7.80 * 0.05~ ~6.00 >1.80 

' symbols: Lc: numbers of Leuconostoc mesenteroides (1ogCFUlml); Lbc: numbers of 
Lactobaciiiu.s mirvatus (IogCFU/ml) . 

t log (Ratio) = Lc - Lbc. 

mean viable ce11 concentrations of 3 replicates standard deviation. 



Appendix 14. Effect of initial pH and incubation temperature on the growth of  Lc. 
mesenteroides strain No. 1 and L. suke strain No.9 in mixed inocula at an initiai ratio of 
I 07: 1 o4 (CFUM).~ 
-- -- 

Temperature pH Lc (logCFW/rni) Lbs (logCN/ml) log(Rati0) ' 
12°C 5.5 8.20 O. 1 6 ~  <O. O0 >2.20 

1 symbols: Lc: numbers of Leuconostoc mese~teroides (logCFU/mi); Lbs: numbers of 
Lacto bacillus suke ( logCN/d) .  

log (Ratio) = Lc - Lbs. 

mean viable cell concentrations of 3 replicates standard deviation. 



Appendix 15. Effect of initial pH and incubation temperature on the growth of Lc- 
mesenteroides strairi No. 1 and L. czirvafus strain No. 10 in mixed inocda at an initial ratio 
of 1 OS: 1 0' (CFü/ml). ' 

Temperature pH Lc (logCFU/ml) Lbc (logCFU/ml) log(Ratio) * 

' symbols: Lc: numbers of Leuconostoc mesenteroides (IogCFU/mi); Lbc: numbers of 
Lactobacilhs curvatus (logCFU/mi) . 

' log (Ratio) = Lc - Lbc. 

mean viable ce11 concentrations of 3 replicates * standard deviation. 



Appendk 16. EfFect of initial pH and incubation temperature on the growth o f  Lc. 
mesenteroides strain No. 1 and LI sake strain No.9 in mixed inocula at an initial ratio of 
I 04: 1 o7 (CWM). 

- - - -  - - -  - -  - -. 

Temperature pH Lc (IogCNIrnl) Lbs ( logCRl/d)  log(Rati0) ' 
1 2°C 5.5 <6.00 8.16 * 0.29 <-2, t 6 

' symbols: Lc: numbers of Leuconostoc mesenteroides (IogCRl/d); Lbs: numbers of 
LactobaciIIus sake (logCN/ml). 

' log (Ratio) = Lc - Lbs. 
3 mean viable ceii concentrations of  3 replicates standard deviation. 
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