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Abstract 

Lactic acid bacteria are found in vacuum-packaged cooked cured meats and 

dorninate in the spoilage process (10'-10~ C F U - C ~ - ~ )  which Ieads to undesirable 

products. There is an increasing demand from both consumers and industry to have meat 

products with an extended shelf-life (>70 d) using natural prese~atives. For the 

consumer, it means increasing the useful storage period (best before dates) of vacuum- 

packaged refngerated cooked cured meat products without the need for increased 

concentrations of food additives. For industry, it means that these products can gain 

access to a wider market, possibly even Europe and Japan. 

Typical spoilage microorganisms, Lruconosroc mesenieroides ssp. mesenteroides, 

Laciobacilltrs sakei and Lactobacilhs CIiNattis, were subjected to a variety of 

preliminary testing against natural antimicrobial agents derived from spices (eugenol, 

allyl isothiocyanate), an organic acid (potassium lactate), a fatty acid (monolaurin), and 

lactic acid bacterial fermentations (bacteriocins - Alta@ 2341 and Alta Mata) .  The 

inhibitory activity of these agents was tested in mixtures which included an aqueous 

extract of wood smoke (liquid srnoke) and a variety of phosphates and phytic acid as 

metal ion chdators. Individual inhibitors and their combinations were tested against 

bacteria in broth and agar difision tests where a variety of formats were used. Some of 

the tests used included monitoring changes in viable bacterial numbers or optical density 

in broth as well as formation of inhibition zones around discs or welIs made in agar 

inoculated with test organisms. As the work progressed, Lb. cuntafus was eliminated 



from testing because al1 three organisms showed similar sensitivity profiles, but the two 

bacteria retained for M e r  study demonstrated greater overall resistance. 

The most successful agar diffusion procedure was found to be the Spiral Gradient 

Endpoint (SGE) Antimicrobial Susceptibility test where the target microorganisms were 

challenged with a wide range of antimicrobial concentrations. Results indicated that 

combinations of 350,400 and 1000 ppm (wlv) eugenol, 0.5% and 1% (w/v) Alta Mat&, 

0.4% (wlv) disodium pyrophosphate, and 3% (wlv) potassium lactate were able to inhibit 

these rnicroorganisms at both 8°C and 25°C for 7 and 2 days, respectively. Therefore, 

these combinations were tested in meat mode1 systems consisting of bologna and h m  

sausages. 

Ai1 inhibitory systems used in vacuum-packaged bologna and ham sausages failed 

to inhibit both Lc. mesenteroides ssp. mesenteroides and Lb. sakei past 70 days at SOC.  In 

one meat trial with combinations of 350 or 400 ppm (wlw) eugenol, 0.5% (wiw) AIta 

M a t a ,  0.4% (wlw) disodium pyrophosphate and 3% (wiw) potassium lactate, both 

bologna and hm sausages inoculated with the target microorganisms spoiled by 5 weeks, 

but the uninoculated sausages had a shelf-life >5 weeks at 8 O C .  The second meat trial 

yietded slightly betier results when combinations of 1000 ppm (wlw) eugenol, 1% (w/w) 

Alta Mate@, 0.4% (wlw) disodium pyrophosphate and 3% (wlw) potassium lactate were 

used. While the inoculated bologna and ham sausages spoiled after 9 weeks, the 

inhibitor-treated, uninoculated sausages did not spoil until week 13. The untreated, 

uninoculated sausages spoiled about 2 weeks earlier. The water activity was significantly 

aitered when the antimicrobials were incorporated into the bologna and ham emulsions, 

particularly when ham was treaîed with 3% (wlw) potassium lactate. The pH declined as 



vii 

the products grew closer to being spoiIed, which was expected. Colour was significantly 

affecteci in the presence of various combinations of antirnicrobiai agents incorporated into 

bologna and ham samples. Generally, boiogna samples treated with antimicrobial agents 

were darker or had no change in colour. Ham samples treated with various combinations 

of antimicrobials were lighter in colour, but this may have been more related to 

mechanicaVphysica1 differences due to extra chopping of treated ham. Both vacuum- 

packaged bologna and ham were visuaily acceptable even when odour increased with 

increasing shelf-life. 
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CHAPTER l 

LNTRODUCTION 

Vacuum-packaged ready-to-eat boIogna and ham are popular cooked cured meat 

products offered for sale at the retaii Ievel because of their long shelf-life (>49 d). M e r  

these products are cooked, çome are sliced prior to vacuum-repackaging. This handling 

process is believed to influence the bacterial level present and subsequently affects the 

shelf-life of the meat (Holley, 1997b). Shelf-life depends on the type and level of 

microorganisms present and their abiiity to grow (Holley 1997b; Mol et ai., 1971). 

Lactic acid bacteria (LAB) are present in the microbial population found on vacuum- 

packaged cooked cured meat products (Mole et ai., 1971; Holley, 1997a and 1997b; 

Dykes et ai., 1995; Yang and Ray, 1994a; Egan, 1983) and eventually dominate, because 

they can grow at low temperatures under anaerobic conditions in the presence of 3-5% 

sodium chloride (NaCl) (Mol et ai., 1971; Schillinger and Locke, 1987a; Egan, 1983). 

As well they can survive in low pH conditions (Schillinger and Liicke, 1987a; Egan, 

1983) and are insensitive to nitrites (Korkeala et ai., 1992; Egan, 1983). Both 

homofermentative lactobacilli and Ieuconostocs are two types of LAB that are 

responsible for spoiling vacuum-packaged cooked cwed meat products (Holley, 1997b; 

Dykes et al., 1995; Korkeala and BjOrkroth, 1997; Yang and Ray, 1994a) leading to 

dissatisfied consumers and economic Ioss to industry- A s  the level of LAB reach >IO'- 

109 colony forming units (cFcT).~-' the shelf-life of the product is reached and products 

can be characterised as having off-odours, sour flaveurs, presence of cloudy purge, and 



visually detectable slime within the package (Holley, 199%; Korkeala and Bjorkroth, 

1997; Korkeaia et ai., 1990; Yang and Ray, 1994a; Egan, 1983). 

Naturai antimicrobial agents are an important class of food additives (Davidson 

and Branen, 1993) and are becoming increasingly popular in the food industry, which 

views these antimicrobials as aiternatives to the use of chernical preservatives. Presently, 

research has shown that a single compound is unable to be effective against dl 

microorganisms in al1 storage conditions and in al1 foods (Davidson and Branen, 1993). 

Therefore, research has focused on combinations of antimicrobials that are effective 

against different groups of microorganisms, especially spoilage microorganisms such as 

LAB. Antimicrobials can be effective in presetving cooked cured meat products by 

either controiiing the overall growth ofthe microorganisms or by killing the 

microorganisms. Generally, their mode of action falis into one of three categones: 1) 

reaction with the ce11 membrane, causing increased permeability and loss of cellular 

constituents; 2) inactivation of essential enzymes; or 3) destruction or fiinctionai 

inactivation of genetic material (Branen, 1993). 

The objective of this research was two fold. Fust, to determine a varïety of 

antimicrobials alone or in combination that effectively inhibits Lezrconosmc 

mesenteroides ssp. mesenteroides, Luctobacilltis CtfyYQhfS and Lactobacillis sakei in 

MRS medium at 8°C and 25°C (in vitro). FinaIly, to determine if the antimicrobiais have 

the ability to extend the shelf-life of cooked cured bologna and ham sausages at PC, by 

inhibiting spoilage microorganisms (in vivo). 



2.1. Vacuum-packaged cooked cured meat products 

2.1.1. Definition 

Vacuum-packaged meat is defined as meat that is placed in plastic bags or 

pouches foUowed by the removal of ..ir using a vacuum packaging machine and the 

closing the bag or pouch with a heat-sealer. Low oxygen (Oz) permeable plastic films 

primarily exclude air and oxygen; packaging inhibits some of the spoilage 

rnicroorganisms, and extends the refngerated shelf-life of the meat product. The flexible 

film creates a bamier between the outside and inside of the package yielding slight 

differences in pressure. This creates an anaerobic environment where the contact 

between the meat and the plastic film is 'airless'. (Lundquist, 1987; Gill and Molin, 1991; 

Jay, 1992). hmediately after packaging, there is a small amount of residual02 present 

between the plastic film and the mat. The O2 residue is consumed by the microbial Bora 

and the meat itself, which results in an increased level of carbon dioxide (COz) during the 

fim few days of storage. The quantities of 0 2  and CO2 are controlled mainly by the 

degree to which the plastic bag or pouch hinders the flow of these gases (Jay, 1992). The 

CO2 causes aerobic microorganisms to be inhibited and anaerobic rnicroorganisms to 

becorne the dominant microflora. (Jay, 1992; Gill and Molin, 199 1). Mol et al. ( 197 1) 

stated that better 0 2  barrier films that create low-Oz atmospheres increase the shelf-life of 

vacuum-packaged cooked meat. Overali, vacuum-packaged meat products are generally 

regardeci as sate and virtuaiiy fiee iÏom patnogenic microorganisms proviaed 



recontamination does not occur at sIicing and packaging (Jay, 1992; Russel! and Gould, 

1991). 

2.1 -2. Microbio Iogy characteristics 

Meat may contain a variety of microorganisrns, depending on the type of meat 

and where it was processed. Meat contains a natural rnicroflora that is present at the time 

the animai is slaughtered. When edible meat is stored during distribution before 

consumption, spoilage microorganisrns dominate and senerate metabolic end products, 

which usuaily Iead to spoilage of these products (KorkeaIa and Bjorkroth, 1997). 

2.1.2.1. Naiurul microfora 

Initiaily, both rnesophik (coId intolerant) and psychrotrophic (cold tolerant) 

microorganisms are found in meat products. However, when the product atmosphere is 

aitered through vacuum-packaging and stored at refigerated temperanires, there is a shift 

in the rnicroflora and psychrotrophic microorganisrns become the dominant part of the 

rnicroflora. There are different mixtures of psychrotrophic bactena found on meat 

products, which are largely dependent upon the history of specific products. Examples of 

bacteria found on cured meat products are: Carnobacterium spp., Brochofhrix 

tkmosphacfa, Esiferobucreriaceae, and homofmentative and heterofermenrative Iactic 

acid bacteria &AB) (Yang and Ray, L994a; Jay, 1992; Leisner, et al., 1995; Borch et al., 

1996). 



2.1.2.2. Spilage microflora 

Spoilage microorganisms are found in the mixture of the natural microflora on 

surfaces of meat products. Initially, these spoilage microorganisms are not generally 

predorninant, but become dominant during the long-term shelf-Iife of vacuum-packaged 

cured meat products (>49 d). Some dominant microorganisms found in cured mats are 

Staphyfococms, Micrococais, Lac~obacifZzis, ~1Micrabucteritim, Pediococm, 

Sireptococais, Clostridium and Bacillus species or their combinations (Cassens, 1994b). 

Other types of organisms can also becorne dominant, depending primarily on the nature 

of contarninants at packaging, the packaging tilm, the themai process and the storage 

temperature used. Generally, it is the heterofermentative and homofermentative LAB 

that result in spoiling vacuum-packaged cured meat products (Gill and Greer, 1993; 

Borch et al., 1996; Korkeala and Bjorkroth, 1997; von HoIy et al., 1992; Holley and 

McKellar, 1996; Leisner et al., 1995; Jay, 1992). 

2.1.3. Shelf-life 

Shelf-life is the period of tirne during which a particular meat product is stored 

prior to reaching the point of spoilage, or is the period of time fiom packaging m i l  

consumers find the product unacceptable. Shelf-life usually ends when microorganisms 

spoil the product, although physiochemicd chanses can sometimes precede microbial 

spoiiage, 

There are many opinions by food researchers concerning which key components 

extend the shelf-life of meats. Podolak et d. (1996) stated that shelf-life depends on 

packaging materiai, initiai microbiai contamination, storage temperature of the product, 



and whether good manufacturing practices are canied out at the industrial level. Other 

researchers believe that pasteurisation temperatures d l  extend the shelf-life of cured 

meat products (Bell and Gi11, 1982; Chyr et ai., 1980; Brewer et al., 1992). Some 

research groups found that vacuum packaging will increase the shelf-life of a variety of 

meat products (Brewer et al., 199 1; Gi11 and Jones, 1994; Holley et al., 1996a and l996b; 

Kotzekidou and Bloukas, 1996). 

As mentioned previously, vacuurn-packaging inhibits certain types of 

microorganisms, primarily the aerobic microflora allowing only the anaerobic microflora 

to survive. Some of the anaerobic microflora actually help to extend the long-term 

storage period by inhibiting harmfui members of the microflora found on the surface of 

the meat (Holley, 1997a; Leisner et al., 1995). 

There is some evidence that a variety of bactericidal and bacteriostatic agents, 

including organic acids and their saIts when added as iagredients into cured meat 

products, can extend product shelf-life (Papadopoulos et al., 1991a; Brewer et al., 199 1; 

Podolak, et al., 1996; Brewer et ai., 1992; Yang and Ray, I994a). Kowever, use of any 

of these agents must be accompanied by analyses that examine both changes in microbial 

flora, as well as sensory characteristics. Sensory acceptability plays a major role in 

consumer decisions and, therefore, at purchase, odour, colour, and general appearance 

should be unaltered fiom an acceptable range (Brewer et al., 1992). 



7.1.4. Physical and chemical characteristics 

2.1.4.1. Packuging 

Packaging is an important step in providing good quality cooked cured meat 

products. The packaging material should be of low 0 2  permeability and be a good barrier 

to moisture (Cassens, 1994c; Gill and Molin, 1991; Korkeala and Bjorkroth, 1997; Borch 

et al., 1996). Acceptable packaging films are made up of several layers of either flexible 

or more rigid plastic matenals that allow a minimal quantity of gases to permeate through 

(Cassens, 1994c; Gill and Molin, 1991). Gill and Molin (1991) pointed out that the 

effectiveness of packaging films will differ due to: the type of plastic used, the proportion 

of residual gases and humidity present, the thickness of the plastic Iayers, and the 

temperature of storage. As well, these packaging materiais should be transparent so that 

the product is visible to the consumer (Cassens, 1994~). 

Desirable packaging films are made fiom food-compatible materiais. There are 

many varieties of plastic materiais used for vacuum packaging, but the best contain an O2 

barrier layer. Most popular high OZ-barrier film materiais are laminated. ïhese films c m  

contain a gas-tight polyamide layer with a heat sealable polyethylene plastic layer 

(Korkeala and Bjorkroth, 1997). Another high-barrier packaging film was used by 

Holley (1 997a). He found that using vacuum-packaging material consisting of a 

combination of ethylene vinyl alcohoi, poIyethy1ene and nyIon film reduced the spoilage 

of h m  and bologna type products. These two types of Oz-banier film are examples of 

packaging materials that c m  be used. 

Suitable packaging material can reduce colour degradation, oxidative rancidity 

and off-flavours associated with spoilage, and in some cases limit the growth of 



pathognic and spoilage microorganisms. Oxygen banier films stabilise the 

nitrosylmyoglobin colour in meat, reduce the rate of oxidaîive rancidity associated with 

spoilage, and with the addition of some antimicrobial agents such as sait and nitrite, 

reduce the rate of growth by the microflora present (Cassens, 1994c; Jay, 1992; Ouattara 

et ai., 1997; Borch et al., 1996; Yang and Ray, 1994a; Holley et al., I996b; StiIlmunkes 

et al., 1993). 

The 02 permeabilities are measured as the oxygen transmission rate (OTR) of a 

packaging material. The OTR of vacuum packages have a great influence on the shelf- 

life of the product (Holley et al., I996a). Generaily, films with 02 permeabilities at 1100 

cm3/(m2.24 h).atm are used for vacuum packaging. Gill and Molin (199 1) beIieved that 

lower 02 permeabilities would not greatiy enhance the shelf-life of eesh rneat, unless the 

oxygen transmission rate were Q cm3/(m2.24 h)-atm However, others have found that 

films consisting of low 0 2  pemeabilities of 77 crn'l(m2*24 h)-atm were able to reduce 

aerobic microorganisms in cooked ham products (Kotzekidou and BIoukas, 1996). 

Packaging fiIms with a Iow oxygen transmission rate of 115 cm3/(m2.24 h)-atm were 

considered best for optimal storage of cooked cured m a t  products provided proper 

refiigeration conditions were used (Holley et al., 1996). 

LI. 4.2. Tempera~rcre 

Storage temperature is a very criticai issue. Generaliy, spoilage microorganisms 

grow between -3°C to 1 5 O C .  However, the growth rate of these psychrotrophic 

microorganisms is greatiy reduced as the temperature decreases (Gill and Molin, 199 1; 

EchLi!!t?ger YS LG&, !E?= sr! !Wh; Gd! 3-4 ne won^ 197R; Hqlley et al., 1 W6b; 



Borch et ai., 1996). In other words, the lower the temperature used for storage of 

vacuum-packaged meats, the greater the shelf-life (Gill and Molin, 199 1 ; Holley and 

McKellar, 1996; Borch et al., 1996). Optimal storage life is achieved at -1.5 * 0S0C, 

which is just above the temperature at which meat freezes (Borch et al., 1996; Cassens, 

1994b). In commercial practice, cooked cured meats are stored at 4 to 9°C with a target 

of d°C. 

2.1.4.3. General pruduct fonmrlarion 

Microbial stability in cooked cured meat products is due to a number of essential 

factors, namely: sait, nitrite, sugar, pH, phosphates, and water activity (h). 

Salts have been used for many years in brines or curing solutions. Sait, or sodium 

chloride (NaCi), is generally added: to slow or prevent the growth of microorganisms, 

reduce water activity, solubiiize the myrofibrillar proteins in erndsion type cured meats, 

and provide flavour. The amount of NaCl used in cured meats depends on the desired 

character of the final product. Generally, the concentration of NaCl present is between 

2.5 and 5% of the finished product (Mol et ai., 1971; Hand et al., 1982; BIom et al., 1997; 

Maca, et al., 1997; Borch et al., 1996; Roberts et al., 1991; Cassens, 1994d; Frazier and 

Westhoff, 1988b). 

Nitrite is responsible for the pink colour of cooked cured meats. As nitrite reacts 

with the myoglobin in the meat, the formation of nitnc oxide myoglobin occurs. The red 

colour found in cured meat is better known as nitrosomyoglobin (Roberts et al., 199 1; 

Cassens, 1994d; Borch et al., 1996; Cassens et ai., 1979; Kono et al., 1994; Maca et ai., 

199%; Fran'er and Westhoff, I988b). Upon heating of the meat, the pigment is 



convened to dinitrosylhemochrome, yielding the characteristic pink colour of cured 

meats (Cassens, 1994d). Nitrite is an antimicrobial agent that is added to reduce the 

growth of food-poisoning bactena in cured meats, but not spoilage microorganisms such 

as LAB. It is added to provide flavour but can have an oxidant effect. Sodium ascorbôte 

is added to provide some anti-oxidative activity (Roberts et al., 1991; Cassens, 1994d; 

Borch et ai., 1996; Cassens, et al., 1979; Nielsen, 1983; Kono et ai., 1994; Maca et al., 

1997b). 

Sugar is incorporaied into curing formulations primarily for flavour, particularly 

when high salt concentrations are used which can result in harsh flavour development 

(Cassens, 1994d). Sucrose c m  exert i ts p r e s e ~ n g  effect in the same manner as salt. 

Che of the main differences is in relative concentrations, meaning that it requires about 

six times more sucrose than NaCl to effect the same degree of inhibition. The preserving 

effect of high concentrations ofsugar, like salt, makes water unavailable to 

microorganisms (Jay, 1992). However, the amount of sugar normally used has IittIe 

effect on preservuig cured meat products (Cassens, 1994d). 

A typical pH range for cooked cured meats is between 6 and 6.5 (Kotzekidou and 

Blukas, 1996; Korkeala and Bjorkroth, 1997; Holley et al., 1996b; Boerema et al., 1993; 

Mol et ai., 1971; Blorn et al., 1997; Borch et al., 1996). However, Holley et al. (1996b) 

found that harn and bologna had a slightly higher pH level of 6-52 and 6.58, respectively. 

in another study conducted by HoIley (1997a) it was found that bologna and ham had an 

initial pH level of 6.86 and 6.65, respectively, which decreased as storage increased. 

This slight dEerence in pH is largeIy due to f o d a t i o n  differences. 



Phosphates are used in the food industry as additives and generally: improve 

water binding and prevent moisture ioss, delay onset of olridative rancidity, and inhibit 

some microorganisms (Roberts et ai., 1991; Flores et al., 1996; Cassens, 1994d; Lee et 

al., 1994). ûther researchers have found that phosphates do not inhibit rnicroorganisrns, 

but rather increase their growth rate (Molin et d., 1984; Marcy et al., 1988; Choi et ai., 

1987; Lee et al., 1994). This difference is related to the ultimate pH, which develops 

following their use and is a titnction of their dissociation in aqueous environments. There 

are many types of phosphates that cm be used in cooked cured meats. Their choice 

depends on the final product characteristics desired (Roberts et al., 1991; Flores et al., 

1996; Cassens, 1994d). For example, sodium acid pyrophosphate is commonly used to 

assist in rapid development of cured meat colour (Cassens, I994d). 

Watw activity (aw) is a rneasure of unbound water present in an aqueous mixture 

compared with a pure solution of water (Cassens, 19946)- For coo ked cured meats, the 

a, is generally 0.97 or higher. if the water activity is higher, the chances of spoilage are 

greater (Holley et al., 1996a and 1996b; Borch et ai., 1996; Kotzekidou and Bloukas, 

1996; Chen and Shelef, 1992; Blom et al., 1997). Every type of bacteria has a certain a, 

range within which they are able to grow. The growth rate and the lag phase of LAB are 

influenced by reduced a, vaiues. For exampte, a decrease in a, value fiom 0.98 to 0.96 

in bologna-type sausages results in a three-fold increase in Iag time and a two-fold 

decrease in the growth rate of LAB (Borch et al., 1996). 



2.2. Spoilage of vacuum-packaged cooked cured meat products 

2.2.1. Definition 

Spoilage of vacuum-packaged cooked cured meat products is a naturaI process 

due to biochemicai and biophysical changes that occur in the meat over time, and this can 

be accelerated by the growth of microorganisms (Cassens, 1994b). Technically, an 

acceptable maximum bacteriai level can define aerobic spoilage, but spoilage is more 

difficult to define this way in anaerobicaily packaged meats. The development of 

unacceptable odours and off-flaveurs, or the presence of unacceptable appearance are 

usuaily used to define the end of product shelf-life (Borch et al., 1996; Cassens, 1994b; 

Yang and Ray, 1994a). 

2.2.2. Spoilage characteristics 

There are certain characteristics that are associated with the spoilage of meat. 

They include: a shift in microflora to a monoculture or reduced microbiaI diversity, a 

reduction in pH, gas production within the vacuum-packaged meat, off-odours and off- 

Bavours, or discolouration. 

2.2-2.1. Shifr in microfora 

Initially, bacterial numbers on cooked cured meats are barely detectable, and tbis 

includes microorganisms capable of causing spoilage (Borch et al., 1996). At first, 

vacuum-packaged mats contain mixtures of aerobic and anaerobic bacteria introduced 

after cooking. As oxygen is depleted within the package, the aerobic microflora is 

inhïïited while the anaerobic microflora ffourïshes. SpoiIage of vacuum-packaged 



cooked cured refngerated meats occurs somewhere be~reen IO' and Io9 ~fu*crn-~ or gram 

(Borch et ai., 1996; Korkeala and Bjdrkroth, 1997). 

The main bacteria associated with spoilage of refiigerated vacuum-packaged 

cooked cured meat products are LAB, namely Lactobacillus (Lb.) spp. and Lerrconosroc 

(Le.) spp. (Borch et ai., 1996; Yang and Ray, 1994a; Korkeala and Bjorkroth, 1997; 

Bjdrkroth and Korkeala, 1996). These microorganisms preferentially consume 

carbohydrates present such as glucose and upon their exhaustion attack proteins in the 

meat. Proteins are broken d o m  via proteolysis, to peptides and amino acids. The 

peptides and amino acids are fiirther converted to undesirable end products that are 

associated with spoiied meats (Cassens, 1994a). 

2.2.2.2. Change in pH 

The pH of cooked cured rneat products (pH -6-6.5) is not by itself inhibitory to 

spoilage organisms (Korkeala and Bjorkroth, 1997; Egan, 1983). Meat tissue is usually 

suficiently buffered so that visuai spoilage resulting fiom growth of bacteria (usually 

LAB) occurs before there is a meamrable change in meat pH. Korkeala and Bjorkroth, 

(1997) stated low pH values (pH 4.6-5.5) are found only when vacuum-packaged cooked 

sausages are undesirably spoiled. They found that the LAB population had reached 

spoilage levels (>IO' colony fonning units (cEXJ)~*') before the pH declined. 

Kotzekidou and Boukas (1996) also found increased microbial numbers in sliced 

vacuum-packaged cooked ham had no correlation with pH change. Nonetheless, during 

refngerated storage of vacuum-packaged cooked cured meats, the pH wül eventually 



drop below 6 as a result of the production of lactidacetic acids by LAB @ykes et al., 

1991). 

2.2.2.3. Gas production 

Gas (CO2) is often found in ham-type products and is generated by heterofermentative 

LAI3 such as Lc. mesenteroides (Jay, 1992; Yang and Ray, L994a; Maela et al., 1992). 

However, gas production can be found in other types of vacuum-packaged products. The 

formation of gas is indicated by the looseness of the packaging film around the product or 

may be extensive and slightly pressurise the package. Gas production readily signifies 

spoilage (Korkeala and Bjorkroth, 1997). 

2.2.2.4. ~ -0d tn1rs  und off-fravtnirs 

Off-odours are clear indications that the meat product has spoiled and is generally 

associated with the growth of lactic acid bacteria (Borch et al., 199 1; Dainty and Mackey, 

1992; Cassens, 1994b). There are many types of off-odours one cm encounter. A putrid 

odour, formed by Enterobacteriaceae and Psmidomonas spp., is fiom meat stored 

aerobicaily at abusive temperatures (Cassens, 1994b; Borch and Molin, 1989). A sweet, 

cheesy odour is generated fiom meat products vacuum-packaged in highIy O~permeable 

film and stored at abusive temperatuses, or meat products originally stored anaerobicaIly 

followed by the product being open and exposed to the air. Tt is likely due to the 

presence of Enterobacteriaceae, B. thermosphacta and hornofermentative Luctobacillzis 

spp. (Borch and Molin, 1989). 



Off-flavours are frequently denoted as sour. They aïe generally due to the LM, 

which produce acids such as lactic acid, acetic acid and formic acid: the levels depending 

on genus, species and growth conditions (Cassens, 1994b; Jay, 1992; Borch and Molin, 

1989; Borch et al., 1991). Sowing takes place when the bacteria utilise lactose and other 

sugars found in meat products to pmduce acids (Jay, 1992). 

Off-odours and off-fiavours are also caused when the fat in the meat product is 

oxidised causing staie or rancid charactetistics. This is more of a probtem for those 

products containing a high amount of fat and stored at abusive temperatures (Cassens, 

1994s). 

2.2.2.5. Temperature abrise 

Temperature abuse is a major cause of accelerated spoilage of cooked cured meat 

products. Et is not uncommon for products to be stored at refiigeration temperatures 

above 4°C and one fiequently Ends commercial products being held between 8 and 10°C 

(Fr= and von Holy, 1996). Temperature abuse can occur at several points along the 

suppIy chain fiom producer to final consumer, including meat processing, refngerated 

transportatian, or at the retail Ievel. 

2.2.2.6. Appemmce 

Discolouration is usualIy the fust sign of spoilage. The colour change of cured 

meat, kom pink to a brownish colour, can often be due to hi& numbers of 

microorganisms present or upon exposure to light or air. ûxidation of cured meat 

pigment to nitrosyl-metmyogiobin yields an undesirabIe brownish colour. 



Catalase-negative L M ,  such as leuconostocs, produce hydrogen peroxide (H202) 

while other LAB generate hydrogen suifide (Fils) as by-products, which in turn produce 

the 'green' colour seen un the surfaces of cured meats. 'Greening' can take place when 

the vacuum-packaged meat is exposed to oxygen. The acts as a hydrogen acceptor 

producing H202. When H202 is produced it ceacts with dinitrosylhemochrome to 

produce green hydruperoxymetmyoglobin and eventuaily greenish oxidised porphyrins. 

These both give meat a 'green' appearance (Jay, 1992; Borch et al., 1996; Grant et al., 

1988). 

Vacuum-packaged cooked cured meat products may show signs of slime which 

can be produced by LAB and enterococci (Cassens, 1994~; Jay, 1992; Bjorkroth and 

KorkeaIa, 1996; Màkela et al., 1992). The siime is found on the surface of moist mat .  

While it does not indicate spoilage of the product in small arnounts, it does contribute to 

product discofouration (Cassens, 1994~; Jay, 1992). KorkeaIa et al., (1988) stated that 

slime is an early indication of spoilage seen prior to the mail sell-by date. 

2.2.3. Spoilage of cured meat products by LAB 

It is well known tbroughout the Iiterature that LAB spoil cooked cured meat 

products (Yang and Ray, 1994a; Korkeala and Bjorkroth, 1997; Gill and Greer, 1993; 

Holley, 1997s ruid 1997b; Dykes et al., 1995; Holley, 1996a). Lactic acid bacteria are 

Gram-positive, non-motiIe, non-sporing, non-acid-fast rods or cocci. They are facultative 

anaerobes that wi survive in an Oa aunosphere but prefer to live in an anaerobic 

environment (usually between 5 and 1û?? COz). These bacteria are dso: cataiase- 

negative, oxidasenegative and are often arginine-negative They utilise sugars to 



produce mainly lactic acid, but acetic acid, COz and ethanol can also be produced. The 

prirnary substrates used for growth by LAB are glucose, or other simple sugars. They 

usually grow up to 10~.cm-~ before spoilage occurs. LAB a h  metabolize the amino 

acids valine and leucine, which are degraded dong with the production of volatile fatty 

acids to produce an acid-dairy flavour in the meat product (Gill and Greer, 1993; Condon, 

1987; Frazier and Westhoff, 1988a; Grant et al., 1988). These microorganisms compete 

with others for dominance. They are able to inhibit other organisms such as the 

psychrotrophic Enterobacteriaceae, B. themosphucta, Salmonella and Staphylococc~~~ 

aurew, primarily by the lactic acid they produce, whiie at the same time competing for 

nutrients (Cassens, 1994b). 

2.2.3.1. Homoferrnentative und heterofermentaiive LM 

LAB can be divided into two major groups, homofementative and 

heterofermentative, based on their hexose fermentation pathways: homofermentative 

lactobacilli degrade hexose via glycolysis, whereas heterofermentative lactobacilli 

degrade hexose via the pentose-phosp hate pathway. Kandler (1 983) and Jay ( 1992) 

provided good diagrammatic presentations of the pathways the two groups of LAB use. 

Homofermentative Iactobacilli produce Iactic acid through the fermentation of 

glucose. However, they can produce 2 moles of lactic acid f?om any fermentable hexose. 

They produce more acid than heterofermentative LAI3 (Gill and Greer, 1993; Kandler, 

1983; McDonald, et ai., 1987; Condon, 2987; Fratier and Westhoff, 1988% Jay, 1992). 

Heterofermentative lactobacilli produce a mixture of lactate, carbon dioxide and 

ethanol fiom giucose. They can produce acetic acid, lactic acid and CO? when ûuctose is 



the ody source of carbohydrate. As well, they can produce mannitol by reducing 

portions of hctose. Heterofermentative LAB are often the main cause of spoilage in 

vacuum-packed meat (Gill and Greer, 1993; Kandler, 1983; McDonald, et al., 1987; 

Condon, 1987; Frazier and Westhoff, 1988a; lay, 1992). 

In general, these LAB are able to suMve in low pH environrnents compared to 

their cornpetitors, the Gram-negative bacteria (Egan, 1983; Franz and von Holy, 1996). 

2.2.3.1 .1. Leuconostoc mesenteroides ssp. mesenteroides 

Lericonostoc mesenteroides ssp. mesenteroides is a heterofermentative LAB. 

They exist naturaily in milk, on plants, vegetables, grapes, as well as on raw and finished 

meat products (Yang and Ray, 1994a; Garvie, 1986; Frazier and Westhoff, 1988a). They 

are elliptical in shape and are usually found in pairs and short chains. They do not form 

spores and are usually 0.5-0.7 by 0.7-1.2 pm in size and yield smooth colonies greyish- 

white in colour. These LAB can grow over a wide temperature range between I O  and 

3 7 T ,  but their optimum growth temperature is between 20 and 30°C. They cannot 

suMve heating at 55°C for 30 min. Since they are heterofermentative LAB, glucose is 

degraded to produce 1 mole of D(-)-lactic acid, ethanol and CO2 via the pentose pathway 

(Garvie, 1985). While they can grow at reliigeration temperatures they do so at a much 

slower rate. They are also non-pathogenic to animals and to humans. 

These organisms require valine and giutamic amino acids for growth (Garvie, 

1986; Frazier and Westhoff, 1988a). Yang and Ray (1994a) have suggested that most 

heterofermentative leuconostocs produce bacteriocins that may provide them with the 

advantage to grow, producing gas and other unacceptable spoiIage characteristics found 



in meats. Leuconostoc ssp. are more sensitive to NaCl and NaNo2 compared with 

homofermentative LAB (Korkeala and Bjorkroth, 1997; Korkeaia et al., 1992). 

2.2.3.1.2. Lactobacillirs sakei and Lactobacillus euIlratus 

Like the heteroferrnentative LAB, the homofermentative LAB are also 

predominant in spoiled meat products (Yang and Ray, 1994a). Lactobacillus spp. are 

rod-shaped, often km chahs, particularly in the later phases of growth, and are non- 

sponng. They are Gram-positive, however, these organisms become Gram-negative 

when the pH is more acidic. Their optimum growth range is between 30 and 40°C 

(Rogosa, 1974) and they cannot normally grow at 45°C (KandIer and Weiss 1986). 

Although they can withstand acid conditions, the optimal pH is usually in the range of 5.5 

and 5.8, or less. Like Lc. mesenteroides ssp. mesenteroides, lactobacitli colonies are 

greyish-white in colour and they are found in many environments such as daiq products, 

grains, fniits, beer, wine, and meat products. As well they are normalty non-pathogenic 

to animals or humans (Kandler and Weiss, 1986; Frazier and Westhoff, l988a). 

Two species of lactobacilli are frequently found on vacuum-packed cooked cured 

meats stored at refngerated temperatures. These are Lb. eutvatlis and Lb. d i .  One 

diffèrence between the two species of lactobacilli is that Lb. curvahcs is more sensitive to 

NaCl and NaNû2 than Lb. saki (Korkeala and Bjorkroth, 1997). Another difference is 

that Lb. ctirvatzis cells are more bean-shaped than Lb. s k i ,  and the former celis are also 

rod-shaped with a slight curve. Also, Lb. airvaizis cells are smailer (0.7-0.9 x 1-2 pm) 

than those of Lb. sakei (0.6-0.8 x 2-3 pm) (Kandler and Weiss, 1986). 



2.2.3.2. Se fective and drerentia f media 

There are severai selective and differential media that are used to distinguish 

arnong the different types of LAB. Selective media are used to suppress the growth of 

unwanted groups of bacteria, thereby allowing only the specific desired group to grow. 

Differential media allow distinction of one type of organism h m  another and may at the 

same time, repress unwanted groups of organisms. The latter media are used for the 

detection of shifts in the type of microorganisms present (GiH and Greer, 1993). 

Selective media usually have incorporated substance(s) like antibiotics to inhibit 

most of the bacteria except the target rnicroflora, There are other ways in which to select 

target microflora such as choices of atmospheres, pH of the medium, salt concentrations 

and incubation conditions (Gill and Greer, 1993). 

Differential media usually distinguish target bacteria From others without 

inhibiting growth. A differential medium may involve use of a pH indicator, a chemical 

indicator(s), or substrate(s) that are characteristically used by the target microorganisms. 

This usually leads to a distinctive change in the appearance of the colonies; for exarnple, 

the colour, or of the surrounding medium (Gill and Greer, 1993). 

2.2.3.2.1. MS medium 

Originaily, McDonald et al. (1987) developed a daerentid medium called WHD 

that distinguished between homofermentative and heterofermentative LAB. This 

medium was based on the increase in acid production by humofermentative lactobacilli 

fiom a tixed amount of ûuctose. It containeci a pH indicator, which allowed observation 

of dserences in pH by the resulting changes in colour. The LAB that were 



hornofermentative were perceived as blue colonies, whereas the heterofermentative LAB 

were perceived as white colonies. 

The HHD medium worked well in most foods, however, some strains belonging 

to the lactobacilli farnily were unable to grow or grew poorly; for example, LAB strains 

found in wines and musts. ZUniga et al, (1993) developed an alternative medium called 

M5, which was designed to maintain the strains of LAB found in wine. This highly 

specialized medium can distinguish between homofermentative and heterofermentative 

lactobacilli that utilize fructose as a carbon source. Like the HHD medium, M5 has a pH 

indicator called bromocresol green, which helps to differentiate between 

homofermentative and heterofermentative LAB. The M5 medium is not commercially 

made. 

Zuiïiga et ai. (1993) altered HHû medium by removing casarninoacids, 

bactosoytone, glucose, and tomato juice, and by adding L-cysteine HCL, MgS04.7H20, 

MnS04.H20, and calcium pantothenate to mate the new M5 medium. Another 

difference is that M5 is adjusteci to a final pH of 6.5. 

For best results, MS medium should be incubated anaerobically at 25°C with 

100% CO? for up to 7 days depending on the strains. The anaerobic atmosphere is 

important because the LAB utilise the fhctose as an electron acceptor, changing fiuctose 

to mannitol. This reduction is important in o b s e ~ n g  the proper results fiom al1 strains. 

Zuiïiga et ai. (1993) found that incubating M5 plates aerobically sometimes gave 

improper results because heterofermentative strains produce higher amounts of acid for 

two reasons: (1) an increased amount of hctose can be converted into acid and not 

reduced to mannitol and; (2) additional acetic acid c m  be produced (Condon, 1987). 



When properly incubated, Lb. d e i  forrned blue colonies while Lc. 

mesenteroides ssp. mesenteroides remained white on the bluish coloured M5 medium. 

2.2.3.2.2. Al1 uumose tryutone (APT) medium 

Al1 purpose tryptone cornes in broth or agar form, and is comrnercialIy available. 

For this work, both types were used interchangeably. The APT is used to cultivate 

almost al1 organisms present in meat. It is a nonselective medium (Atlas, 1995). 

2.2.3.2.3. Violet Red Bile GIucose (VRBG) medium 

Violet Red Bile Agar is used primarily for selecting coliform bacteria. tt is made 

fiom commercidy available VRB agar, has a finai pH of 7.4 and is incubated aerobically 

between 35 and 37°C for 18-24 h. An overlay is usually required once the bottom layer 

has hardened and the sample has been inoculated and dned. This medium (VRB) allows 

coliforms to appear as red-purple colonies surrounded by a red-purple halo on the violet 

coloured agar (Gi11 and Greer, 1993; Anon, 1987b; Atlas, 1995). 

One percent (wlv) glucose can be incorporated into VRB medium to ailow 

enumeration of Enterobacteriaceae which includes some lactose negative grains. This 

modified medium containhg 1% (wlv) glucose was termed VRBG medium (Mol et al., 

1971). 

2.2.3.2.4. Streptomvcin thaltous acetate actidione (STAA) medium 

Orîginally, this medium was used to isolate and enumerate Brochothrix 

thermquhacta Eom meat products. This selective medium was later modified by the 



additions of several antimicrobial agents, which exclude other microorganisms i?om 

meats, and allows B. thermoqhcta to grow. The antimicrobial agents are streptomycin 

sulphate, actidione and thallous acetate (Gardner, 1966; Gill and Greer, 1993; Anon, 

1987~). 

The antimicrobial agents, aiso known as selective supplements, are filtered 

sterilised before they are added to the sterile medium. It has a pH of 7, and is incubated 

aerobically at 22-25OC for 48 h. The medium is a pale straw colour with B. 

thermosphacta appearing as white colonies 0.5 to 1 mm in diameter (Gill and Greer, 

1993; Anon, 1987c; Atlas, 1995). STAA is not made comrnercially. 

2.2.3.2.5. de Man. Roaosa and S h m e  -1 medium 

The MRS medium was primarily developed to allow the growth of al1 lactobacilli 

and replace tomato juice medium (de Man, Rogosa and Sharpe, 1960; Anon, 1987a). 

MRS is not selective as pointed out by Egan (1 983) because it contains magnesium and 

acetate, which allow the growth of IactobaciIli, pediococci, leuconostocs and 

streptococci. However, MRS can become somewhat selective by lowering the pH to 5.7. 

Unfortunately, it inhibits growth of some of the rneatbome lactobacilli, such as 

Carnobacterium (Gill and Greer, 1993; de Man, Rogosa and Sharpe, 1960). MRS ailows 

most LAB to grow, aithough some strains grow at a slower rate than others (Egan, 1983). 

MRS is comrnerciaIly available and has a final pH between 6 and 6.5. The 

medium is amber in colour, where the IactobacilIi appear as white or grayish colonies 

between 0.5 and 2.5 mm in diameter (Gill and Greer, 1993; de Man, Rogosa, Sharpe, 

1960; Anon, 1987a; Atlas, 1995). 



2.2.3.3. Facfors effecting grow th of LAB 

2.2.3.3.1. DH 

The pH of most foods has a minimal effect on LAB growth; they thrive on acidic 

conditions as Iow as pH 5-5.3. With the production of lactic acid by LAB, the pH 

decreases slightly during extended shelf-life of the product. Many other spoilage 

microorganisms are unable to grow in the presence of the lactate produced (Borch et ai., 

1996; Kotzekidou and Bloukas, 1996; Holley et al., 19964 1996b; Korkeala and 

Bjorkroth, 1997). Most often, there is M e  change in meat pH by the time meat is 

spoiled. Some researchers have found that LAB can survive in spoiled vienna sausages 

with a pH of 4.8 to 4.6 (von Holy et al., 1991). 

3.2.3.3.2. A, - 

As mentioned previously, water activity (&), does not normally decrease during 

the shelf-life of the product. Therefore, a, does not affect the growth of LAB as long as 

the initial a, is higher than 0.92, any lower and the LAB are inhibited. ifthe a, is 

decreased beyond the optimum level at which LAB can grow, the length of their lag 

phase is increased, their growth rate and their final population size are decreased (Jay, 

1992; Borch et al., 1996; Russell and Gould, 1991). For exarnple, Borch et al. (1996) 

found that bologna-type sausage in which the a, was decreased 6om 0.98 to 0.96 resulted 

in a two to three-fold increase in the lag time of LAB. 



2.2.3.3.3. Nutrient quirements 

For LAB to grow and finction they must have elements such as water, a source of 

energy and nitrogen, vitamins and minerais. 

Water is important for growth and welt-being of L M .  As rnentioned previously, 

iFthe a, is below 0.91, the length of the Iag phase of growth is increased and the growth 

rate and final population size is decreased (Jay, 1992; Borch et al., 1996; Russell and 

Gould, 1991). Water is very important to LAB as it affects al1 metabolic activities; 

meaning, al1 chemical reactions of the ceIls require an aqueous environment (Jay, 1992). 

Water activity is described in the previous section. 

Lactic acid bactena require carbohydrates, specificaily glucose, as energy and 

carbon sources (Garvie, 1986; Kandler and Weiss, t986). in the case of Leucorrostoc 

spp., ûuctose is preferred as the carbohydrate source (Gawie, 1986). 

Complex growth factors and amino acid (nitrogen source) requirements for 

growth are needed by LAB to function nomally. These requirements differ between 

genus and species within LAEL For instance, Laiconostoc spp. require nicotinic acid, 

thiamine, biotin and either pantothenic acid or a pantothenic acid derivative. The 

subspecies, Lc. mesenteroides ssp. mesenieroides only requires glutamic acid and valine 

for growth (Garvie, 1986). Lactobacilius spp. require pantothenic acid and nicotinic acid, 

and thiamine is only necessary for the growth of heterofermentative lactobacilli. 

Vitamins are not a necessary requirement for LAS to grow and function. 

However, some strains are vitamin-dependent and are used primarily for bioassays of 

vitamins. Essentially, LAB require peptone, yeast extract and a source of carbohydrate to 

grow and survive. 



The requirements for essential nutrients are norrnalIy met when media such as 

MRS are used which contains fermentable carbohydrate, peptone, meat and yeast extract, 

manganese, Tween 80, and acetate (de Man et d., 1960). 

2.2.3.3.4. Temoerature 

Low temperatures alone do not prevent the growth of LAB, even at O°C (Korkeala 

and Bjorkroth, 1997; Russell and Gould, I991), however, low temperatures have been 

shown to slow the growth of these spoilage organisms @orch et al., 1996; Russell and 

Gould, 1991). For example, Korkeala et al. (1990) found that Lb. saki was able to grow 

on MRS agar at temperatures below 0°C. 

2.2.3.3.5. Oxyaen requirement 

Most LAB strains are able to tolerate 0 2  to a certain degree; however, they are not 

the primary spoilage organisms on m a t  products in the presence of 02. The LAB are 

replaced by B. fhennosphactu or enterobacteria (Nielsen, 1983; Borch and Molin, 1989). 

Some LAB strains will be compietely inhibited, while others will experience a slower 

growth rate in the presence of Oz (Condon, L987). 

2.2.3.3.6. Others factors 

Other factors that cm inhibit the growth of LAB are combinations of NaCl and 

NaN02, and antimicrobials. The latter w i l  be discussed in the next section. 

Some researchers have found that combinations of NaCl and low concentrations 

of NaNO2 have inhibitory effects on the growth of spoilage bactena (Korkeala and 



Bjorkroth, 1991; Korkeala et al., 1992). Korkeala et al. (1992) found that 0,50, 100,200 

and 400 mgil concentrations of NaN02 in the absence of NaCl had an inhibitory effect at 

24 h on the growth of LAB strains isolated from vacuum-packaged cooked ring sausages. 

However, a more pronounced inhibitory effect was found with 400 mgli of NaNo2 

compared to 200 mgIl. Zhang and Holley (1999) aiso found that the LAI3 strains tested 

showed no significant reduction in growth in modified MRS ( m i i S )  broth when 

exposed to 100, 150 or 200 ppm of NaN02. Korkeala et ai. (1992) found that a 1-2% 

addition of NaCl enhanced the gr~wth of LAB compared to 0% NaCI. As well, NaCl 

concentrations of 3-7% had an inhibitory effect on the growth of spoilage lactic acid 

bactena tested. The NaCl results were consistent with the findings from Zaika et al. 

(1978) where growth of LAB was inhibited with increasing amounts of NaCl (fiom 1-  

7%) in fermented Lebanon bologna-type sausages. Zhang and Holley (1999) also 

detected inhibitory effects with LAB strains when 4% and 5.5% NaCl were present in the 

mMRS broth; even some strains were reduced by 1-2 log CFU-ml". 

Korkeala et ai. (1992) suggested that NaCl or NaNo?, used separately, or in 

combination might seiectively ailow the LAi3 population to multiply in vacuum- 

packaged meat products. For total inhibition of LAB, considerable amounts of NaCl and 

NaN02 are needed (Korkeala et ai., 1992). However, other researchers have found that 

both NaCI and NaNO? in high concentrations are able to inhibit the growth of LAi3 (Mot 

et ai., 197 1; Egan, 1983; KorkeaIa et ai., 1992). 

As mentioned previously, leuconostocs are more sensitive to NaCl and NaNO2 

than homofernentative lactobacilli. 



2.3. Antimicrobial agents 

2-3.1. Definition 

Antimicrobial agents can be used as food preservatives by reducing the rate of 

biological deterioration and spoilage of food (Lück and Jager, 1997; Branen, 1993). 

Three different approaches involving physicai, chernicd and biological methods have 

been used to prevent meat decay. Physical methods include heating, cooling, and 

refirigeration. Chemical methods include the use of preservatives, which are chemical 

substances that inhibit the development of microorganisms or kill them (Lück and Jager, 

1997). For example, comrnon salt and vinegar are two presewatives used today to extend 

the shelf-life of many food products by inhibiting microorganisms. Biological methods 

include use of high purity, harmless bacterid cultures that have an inhibitory effect on 

undesirable spoilage microorganisms, When these cultures are added to the food they are 

known as 'protective cultures" (Lück and Jager, 1997). 

2.3.2. Antimicrobial action on microorganisrns 

When antimicrobial action is effective in controlhg the overall growth of the 

microorganisms, it diiectly destroys ail or parts of the microorganisms (Lück and Jager, 

1997; Branen, 1993). Lück and Iager (1997) stated that one or several types of actions 

can explain antimicrobial action. These occurrences have an influence on: DNA; protein 

synthesis; enzyme activity; the ce11 membrane; the cell wall, and transport mechanisms 

for nutrients. 

The inhibitory effect on enzyme activity, or enzyme and protein synthesis in 

microorganisms was regarded as the rnost important factor in explaining antimicrobial 



action (Lück and Jager, 1997). Recent speculation by some researchers infer that some 

antimicrobials act on the ceIl wall and membrane, which in tum affects their structure, 

energy status and the transport of nutrients into the ce11 (Eklund, 1980; Lück and Jager, 

1997). This process involves lipophilic antimicrobials attacking and destroying the semi- 

permeable character of ce11 membrane. This increases the flow of protons to the cell, 

causing it to use more energy to keep its interior pH neutral (Lück and Jager, 1997; 

Freese et al., 1973). 

The antimicrobial should have a certain degree of water solubility since the 

microorganisms grow in this phase. The agent should also be somewhat lipid soluble 

because it needs to be able to penetrate the hydrophobie areas of the cell membrane of the 

organism (Branen et al., 1980; Robach, 1980). 

The ability of the antimicrobial to work effectively depends on: processing 

conditions, storage of the product, product composition, level and type of 

microorganisms, as well as the nature of the antimicrobial used (Branen, 1993). Funher, 

some combinations of antimicrobials can interact and increase the antimicrobial range of 

action and potency, and thus lower the threshold concentrations of the individual 

antimicrobial compounds needed for inhibition (Lück and Jager, 1997; Branen, 1993). 

2.3.3. Essential oils 

2.3.3.1. Definiion 

Essential oils are a group of antirnicrobiat agents that are odorous in nature, 

soluble in alcohoi, poorly soluble in water, and consist of a mixture of esters, aldehydes, 

ketones and terpenes. They are widely used in the food industry as flavourings, fragrant 



substances and are active againsi microorganisms. Essential oils can be obtained tiom 

spices, herbs, bemes, roots and stems of plants (Wilkins and Board, 1989). 

2.3.3.2. Aliyi isothiocyc~ate (Hg 

Allyl isothiocyanate (CHz=CH-CHz-N=C=S), is one of a group of sulfur- 

containing compounds found naturally in plants; for example, horseradish and black 

mustard. The AIT is oniy found when plant tissues are disrupted, either by enzymatic or 

mechanical means. and the cell-wall-bound myrosinase enzyme cornes into contact with 

the giucosinolate, sinigrin. This cataIyses the formation of the AIT which becomes part 

of the volatile essential oil (Lim and Tung, 1997; Deiaquis and Sholber, 1997; Isshiki et 

ai., 1992). 

Allyl isothiocyanate is fat solubk, water insohble, and is soluble in aicohol; for 

example, ethanol (Sekiyama et ai., 1994; DeIaquis and Sholberg, 1997; Lück and lager, 

1997). It is a very unstable compound and it can react with amino acids, or a protein to 

yield additional compounds. In addition, water decornposes it through nucleophilic 

attack (Ohta et al., 1995a; Kawakishi and Kaneko, 1987; Delaquis and Sholberg, 1997). 

However, the decomposition of N T  in aqueous soIutions can be suppressed in the 

presence of dextrins and polysaccharides (Ohta et al., 1995b). 

The AIT is used as a flavouring agent, a spice that is a component of the essential 

oil contributing strong antibacterial and antifiingal activity (Lim and Tung, 1997; 

Sekiyama et al., 1994; Ohta et ai., 1995a; Ohta et ai., 1995b; Delaquis and Mazza, 1995). 

The antimicrobial activities of AiT are wel1 known However, the active ingredient 

involved has had iiile attention fiom the food industry. Some consumers now prefer 



natural ingredients (for example AIT) to synthetic preservatives (for example salt and 

nitrite). Researchers have focused on antimicrobial agents fiom plants (Lim and Tung, 

1997; Delaquis and Sholberg, 1997). They have found that AIT is able to inhibit a wide 

range of microorganisms on the surface of agar (Isshiki et ai., 1992; Ward et al., 1998; 

Delaquis and Sholberg, 1997). For exmple, Isstiiki et ai. (1992) found that bactena were 

inhibited by AIT at a range between 34 and 1 10 ng/mI. They suggested that AIT might 

be used as an antirnicrobial vapour in modified or wntrolled atmosphere packaging 

(Delaquis and Sholberg, 1997; Lim and Tung 1997). Delaquis and Shoiberg (1997) 

discovered that microorganisms exposed to AIT experienced a delay in colony 

development, which led to a loss of viability in vegetative bacterial cells. They also 

found that kngi and Gram-negative aerobic bacteria were inhibited by lower 

concentrations of N T  than the facultative anaerobic foodborne pathogens. 

Allyl isothiocyanate action inhibits specific carriers in the electron transport chain 

and acts as an uncoupler of oxidative phosphorylation. It has been mentioned that non- 

specific reactions with other key enzymes, or proteins may be required to achieve a 

significant antimicrobial effect. Also, increased AIT volatility and improved diffusion 

into the ce11 or spore may result item storage at elevated temperatures; higher than room 

temperature (Delaquis and Sholberg, 1997). 

AiIyl isothiocyanate is presently permitteci in food in Japan as long as the 

compound is extracted fiom naturd sources. It is aIso used in North America by addition 

of mustard to foods, for example, to mayonnaise to enhance the flavour (Delaquis and 

Sholberg, 1997). As well, AIT fiom mustard oil has been approved in Italy in the form of 



paraffin wax tablets for the stabilization of wine in large containers (Lück and Jage. 

1997). 

From the research that has been done so far on AiT and its curent use in Japanese 

foods, it was thought that this natural preservative might to be effective for inhibiting the 

target organisms used in this work and extend the shelf-Me (>49 d) of either or both 

bologna and ham sausages. 

2.3.3.3. Spices 

For centuries, spices have been used for their preservative and medicinal powers, 

besides their flavour and odour qualities (Conner, 1993; Zaika, 1988). Only recently, 

have their antimicrobial properties become of interest. The antimicrobial properties 

reside in the essential oil of the spice and normally these oik are obtained through 

commercial distillation processes (Connor, 1993). 

Spices can be obtained fiom a variety of dried aromatic plant products. For 

example, spices rnay come 6om leaves (rosemary, sage), flowers and flower buds 

(clove), bulbs (garlic, onion) and fruit (pepper, cardamorn) (SheleE 1983; Beuchat and 

Golden, 1989). Spices are used in many foods, ranging tiom breads and pickles to soft 

drinks and cured meats. 

Spices affect al1 stages of microbial growth, for exampIe, Iag phase is extended, 

growth rate is decceased and the popuIation is reduced (Shelef, 1983). It has been found 

that spices such as sage, rosemary and clove were able to effectively inhibit Gram- 

positive bacteria. Gram-negative bacteria were found not to be as sensitive as Gram- 



positive bacteria to these spices (Wedorffand Wee, 1997; Wendakoon and Sakaguchi, 

1995; Farag et al., 1989; AureIi et ai., 1992; Shelef, 1983). 

Spices may be part of the answer in extending the shelf-life of many foods, but 

their use is presently under scrutiny. Spices, especially ones that are not fiirther 

processed, can contain high Ievels of microbes and need additional disinfecting before 

being used in foods (Lück and Jager, 1997). Ceylan et ai. (1998) stated that tkom a food 

safety aspect, use of naturai spices has potential application for producing safer food 

products. 

2.3 -4. Bacteriocins 

2.3.4.1. Deflniiion and description 

Bacteriocins are ribosomally synthesized antimicrobial proteins or peptides 

formed by bacteria that inactivate other closeIy related bacteria (Lück and Jager, 1997; 

Liicke and Earnshaw, 199 1; Chen and Montville, 1995). Bacteriocins can be used to 

preserve food either in their naturai form or as protective cultures that produce 

bacteriocins in foods (Liick and Jager, 1997). There is a growing popularity of 

bacteriocins because they meet consumers' demands for naturai substances to preserve 

foods (Lück and Jager, 1997; Hoover, 1993). 

The most extensively studied bacteriocins are those from LAB. Many 

bacteriocins inhibit the growth of a variety of food-borne pathogens and spoilage 

organisms; for example, staphylococci, streptococci, Lisseria, clostridia and bacilli 

(Lewus et al., 1991; Nettles and Barefoot, 1993). Bacteriocins produced by Gram- 

positive bacteria are not effective against Gram-negative bacteria such as salrnonellae, 



and the rnost common types have no effect on yeasts and fungi. Korkeala and Bjorkroth 

(1997) stated that bacteriocins can be inactivated by food constituents thereby making 

their use very product-category specific. Some bacteriocins are heat sensitive and can be 

used oniy in foods that undergo minimal heating processes, except for nisin and 

chemically similar bacteriocins. Bactenocins are also sensitive to proteases in food and 

are degraded by proteolytic enzymes found in the gastrointestinal tract (Lück and Jager, 

1997; Biswas et al., 1991). 

The antibacterial action of bacteriocins produced by LAB is initiated by their 

ability to attach to specific cell envelope receptors (Hoover, 1993). Bruno and Montville 

( 1993) stated that bacteriocins disrupt membranes and deplete the cellular proton motive 

force causing ceIl death in Gram-positive pathogenic cells. Most bacteriocins of LAB are 

bactericidal, not bacteriostatic (Hoover, 1993). 

Hoover (1993) described the activity spectra and chernical properties of 

bacteriocins produced by LAB in great detail. Yang and Ray (1994b) listed a number of 

bacteriocins produced by LAI3 strains. As well Kelly et al. (1996) generated a Iist of 

bacteriocin-producing bacterial isolates from variety food products, which inhibit certain 

strains of bacteria. There are four major types of bactenocins which have been studied 

(Ouwehand, 1998), however, in this thesis only three proprietary bacteriocin products 

wiiI be discussed in the succeeding sections. 

2.3.4 2- A IldR 2.34 1 

Alta@ 2341 is a natural, proprietary and multifllnctional food ingredient made 

fiom cultured corn symp solids through a specialised fermentation process. It enhances 



fiavour and extends the shelf-life of many types of food products and is labelled as a 

"non-chemicai" ingredient (Rozum and Maurer, 1997; Quest International, 1998). 

Rozum and Maurer (1997) found that 1% Aita@ 2341 was able to extend cooked 

chicken breast meat shelf-life up to 5 weeks at refngeration temperatures compared with 

untreated controls. Schlyter et al. (1993) detected -2 log10 CFUImi reduction of L. 

monocpogenes in turkey slurry using 1% Aita@ 2341 following a 30 min incubation at 

25°C cornpared to the control. The authors also showed that 0.25,O.S or 0.75% Aita@ 

2341 were unable to inhibit L. monocyogenes in turkey slunies alone compared to the 

control, but when ail three levels of Alta@ 2341 were combined with 0.5% diacetate, 

there was -2 logIo unit decrease after 7 d at 25°C compared to the control. They 

concluded that Aita@ 234 1 can provide an additional hurdle for Listeria in poultry type 

products. 

Quest international currently produces Aita@ 2341 and other co-products of 

Alta@, each produced by different bacterial cultures grown on specific media. 

With this composition, Iabelling aspect and its ability to inhibit some organisms, 

Alta@ 2341 was thought to be usehl in hampering the target organisms either alone or in 

combination with other natural inhibitors. Therefore, Aita@ 2341 was tested in the 

preliminary studies. 

23.4 3. Alta Ma& 

Alta M a t a ,  like Aita@ 2341, is also a proprietary naturai multifunctionai food 

ingredient (bactenocin). Also like Alta@ 2341, Ï t  enhances the flavour and extends the 



shelf-life of many types of food products and inhibits Gram-positive bacteria including 

Listeria (Quest International, 1999). 

Aita Mat& is fairly new to the food industry and little detailed research is 

available on this product in the public domain. Therefore, the present study was thought 

to be a great opportunity to gather more information on the naturai antimicrobials' ability 

to inhibit meat spoilage organisms. Alta Mat& was used in both the preliminary testing 

and in the meat trials. 

2.3.3.4. Other commercial bacteriocins 

2.3.4.4.1. Per/Lac@ 

Per/Lac@, is a commercial pediocin-rich dairy ingredient powder generated by the 

fermentation of Pediococcus acidilactici PO2 in corn syrup solids or whey. The 

production of Per/Lac@ is increased considerably in the presence of whey protein 

containhg yeast extract. Neither ingredient alone is able to increase production of 

Per/Lac@ (Liao et al., 1993). According to Liao et ai, (1993) whey protein usually 

contains 4.9% lactose, 0.03% protein, 0.1% non-protein nitrogen, 0.5% ash, <0.01% fat 

and 0.15% lactic acid. in addition, whey protein contains some trace elements such as 

iron, copper, zinc and manganese, and vitamins (including vitamin A, thiarnin, pyridoxin, 

riboflavin, calcium pantothenate, biotin, cobalamin and vitamin C). Lactose can be used 

as a carbon source by pediococci, and dong with trace elements and vitamins in whey 

protein plus yeast extract, this mixture is able to support the growth and production of 

pediocin by P. acidilactici PO2 (Liao et al., 1993). 



Per/Lac@ has shown to be bacteriostatic because of its ability to inhibit Listena 

monocytogenes Scott A and Ohio in heat-treated milk (Liao et al., 1993). However, Liao 

et al. (1993) found Per/La& was unable to inhibit L. monocytogenes in liquid whole egg, 

and hypothesised that Per/Lac@ contained a substance that interacted with the egg and 

thereby eliminated the bacterkidal action of Per/La&. They also found that increased 

concentrations of Per/Lac@ caused corresponding increases in antilisterial activity in the 

treated liquid egg. Liao et al. (1993) proposed that Per/Lac@ cm be useful in controlling 

L. monocytogenes in selected food sysrems only. Romm and Maurer (1997) have also 

come to the same conclusion because they found that Per/Lac@ was unable to inhibit the 

rnicroflora on cooked chicken breasts. The aerobic plate count values from the treated 

cwked chicken breasts were the same as the control. They concluded that Per/Lac@ 

might not be as effective at controlling a broader spec tm of microorganisms. 

2.3.4.4.2. Nisin 

Nisin is the most common, successfùi and well-studied bacteriocin produced by 

LAB to date (Hunt and Hoover, 1993). Nisin is a polypeptide-type antibiotic derived 

fiom strains of Streytococms. It consists of four similarly suuctured individual 

components composed of 29 to 34 amino acids,, eight of which are sulfùr-containing 

amino acids. There are two sub-types of nisin, namely nisin A and nisin Z; both 

distinguished by the arnino acid in position 27: aspartic acid in nisin A and histidine in 

nisin Z (Liick and lager, 1997). While nisin is produced naturally by Streptmoccus 

Zactis, it can aiso be genetically engineered (Lück and lager, 1997). It is a generally 

recognised as safe (GRAS) antirnicrobid and has been recently accepted for use in some 



foods in the United States, for example, cheese spreads (Liick and Jager, 1997; Cassens, 

1994e; Bruno, 1992). In solution, nisin stability improves with a decrease in pH value. 

At pH 2, nisin withstands a temperature of 121°C for 30 min without losing its activity. 

With pH values above 4, nisin decomposes in solutions, especially if heated. However, it 

has been stated that the antimicrobial action of nisin is very powerfiil at pH 6.5 to 6.8 

even though its stability at this pH range is poor (Lück and Jager, 1997). 

Nisin inhibits Gram-positive organisms, many lactic acid bacteria, streptococci 

bacilli, clostridia and other anaerobic spore-forming microorganisms (Hurst and Hoover, 

1993; Jay, 1992), but it has no effect against yeasts or moulds (Cassens, 1994e; Jay 

,1992). Nisin allows the cytoplasmic membranes of some bacterial species to be 

permeable to ions and low-molecular-weight celluiar compounds (Bruno, 1992). Nisin is 

inhibitory because it depletes the proton-motive force and exhausts the cellular ATP 

reserves of the cell. Nisin can also behave as a surface-active cationic detergent because 

it was concluded that anionic soaps cause its neutralisation (Hurst and Hoover, 1993). 

The first food use of nisin was in Swiss cheese to prevent spoilage caused by 

Clostridium ùutyrimm. Since then, nisin has been used in low-acid canned foods to 

inactivate endospores of both C. borulimcm and spoihge organisms by reducing the 

required heat process (Fo) kom -6 down to 3 (Hum and Hoover, 1993). This was 

possible because nisin is heat stable at high temperames (121°C) for 30 min. The benefit 

of using nisin includes increased product quality in low-acid canned foods, even though 

endospores of spoilage organisms are not destroyed. Nisin prevents spore germination by 

acting early in the endospore germination cycIe (Hurst and Hoover, 1993). 



For more complete information, the reader is referred to Hurst and Hoover (1993) 

and Fowler and Gasson (1991) who have wrïtten very complete and detailed information 

about nisin. 

2.3.4.5. Sonte other bacteria straÎns 

The most commonly studied bacteriocins are those produced by LAB (Okereke 

and Montville, 1991), which includes nisin. Bacteriocins inhibit only bacteria closely 

related to those tiom which they have been formed; bacteriocins tiom Gram-positive 

bacteria are not effective against Gram-negative bacteria (Lück and Jager, 1997; Hoover, 

1993). Examples include lactacins B and F produced by Lb. acidophilus. Lactacin B 

produced by Lb. acidophilz~s N2 is active against Lb. bulgaricus, Lb. Zeichmannii, Lb. 

helveticus, and Lb. lacris. As well, lactacin B is bactericidal, sensitive to proteases, and 

heat stable (100°C for Ih) (Hoover, 1993). Lb. acidophilus 88 produces Lactacin F and 

inhibits Lb.fermentirm 1750 (Hoover, 1993). Like lactacin B, Iactacin F is also heat 

stable (121°C for 15 min). Another example is helveticin J, produced by strains of Lb. 

helvetims. Helveticin J inhibits some strains of Lb. helveticus, Lb. bulgaricus and Lb. 

facris (Joerger and Klaenhammer, 1986), and is not heat sensitive (100°C for 30 min) 

(Hoover, 1993). 

2.3 -5. Phenolics 

2.3.5.1. Definition 

Phenolic compounds are widespread in nature and many are found in a variety of 

foods such as meat and poultry products, vegetables, daky products, alcoholic and 



nonalcoholic beverages and nuts. (Maga, 1978; Davidson, 1993). Since phenolic 

compounds are derived from phenol, it is not surprising that these compounds exert 

antimicrobial activity. 

Phenolic compounds found in nature Vary fiorn those with a single phenolic ring 

to complex polyphenolic compounds. Simple phenolic compounds include isomers of 

alkyl, hydroxy and methoxy derivatives of phenol. Although present in foods, the only 

practical use of simple phenols for presemation is found in wood srnoke. Polyphenolic 

compounds are present in the rinds and barks of many plants. The first polyphenolic to 

be recognized for its thgistatic properties was tannic acid in the 1960s. Since then 

tannins have been tested for their antirnicrobid effectiveness in some products 

(üavidson, 1993). 

There are many research studies on the inhibitory effects of phenolic cornpounds 

described by Davidson (1993). 

2.3.5.2. Liquid smoke 

Liquid smoke is used as a flavouring and aroma agent, as well as a preservative in 

foods. It is an antibacteriai agent and this was first reported in the early 1970s (Rozum 

and Maurer, 1997). It is thought that the phenotic components found in Iiquid srnoke are 

able to inhibit bactenal growth. Faith et ai. (1992) found that isoeugenol was an 

important phenolic in smoke that provided much of its antibacterial activity. Other 

researchers reported that liquid smoke components such as formaidehyde, acetic acid, 

creosote and high-boiling phenols exhibit bactericidai properties (Messina et al., 1988). 



For this thesis work, Am-Smoke P-50 was used. It has been used in a number a 

research studies with some success. Therefore, it was included in the present work with 

the prospect it would be able to inhibit the target organisms tested either aione or in 

combination with other naturally occurring antimicrobial agents. It is an aqueous extract 

of natural smoke flavour formulated with polysorbate 80; a mixture of oleate esters of 

sorbitol and sorbitol anhydrides condensed with approximately 20 moles of ethylene 

oxide (Anon, 1998). Aro-Smoke P-50 is water-soluble, contains hickory smoke flavour 

and is approved for use by Agriculture Canada (Anon, 1995; Anon, 1998). It provides 

good control of coagulase-positive staphylococci and is widely used on cooked and 

uncooked meat products to control undesirabie bacteria and fungi. Aro-Smoke P-50 also 

is as effective as a natural antioxidant and its activity compares favourable with 

commercial synthetic antioxidants (Wendofl 1981). Messina et al. (1988) found that 

Aro-Smoke was effective in controlling microbial growth when used in culture media. 

However, the level of its effectiveness in meat is lower because concentrations 

recommended for use on meat results in lower final concentrations of isoeugenol being 

transferred to the product (Rozurn and Maurer, 1997). 

2-3-53. Eugenol 

Eugenol, 2-methoxy4(2-propenyI)phenol, is a phenolic antioxidant that has been 

reported by many researchers as one of the most active antimicrobials among the 

essential oils (Moleyar and Narasimham, 1992; Jay and Rivers, 1984; Beuchat and 

Golden, 1989). The hydroxyl group in eugenol is thought to be important in determining 

its antimicrobial activity (S helef: 1983). Figure 1 shows the structure of eugenol. 



Figure 1. Stmcture of eugenol (Beuchat and Goiden, 1989). 



Eugenol is widely used as a flavouring agent in foods. It has potential for use as a 

preservative because it occurs in high concentrations naturally in cloves (Suresh et al., 

1992; Blaszyk and Holley, 1997). It is considered an antiseptic and possesses some local 

anaesthetic action; for example, as a rentedy for toothaches (Suresh et al., 1992). 

Suresh et al. (1992) found that eugenol was able to inhibit some Gram-negative as 

well as some Gram-positive organisms namely: Micrococas and Bacillus spp. Blaszyk 

and Holley (1998) also found that eugenol inhibited Gram-positive microorganisms. In 

their study, they found that E. coli 0 t 57337 and B. thennosphacra were inhibited by 

eugenol alone. They also discovered that lactobacilli were more resistant to the action of 

eugenol than other organisrns tested such as Lc. mesenteroides. Eugenol was used in this 

work because of its naturd antimicrobial characteristics and it was applied in both 

preliminary studies and meat mals. 

2-3-54 O fher commoniy used phenolic mtioxidmrts 

Three commonly used phenoiic antioxidants are butyIated hydroxyanisole (BHA), 

butylated hydroxytoiuene (BHT) and temary butylhydroquinone (TBHQ). These 

phenolic antioxidants are used to prevent rancidity in Iipids and lipid-containing products. 

They also have antimicrobiai activities and are effective against Gram-positive and 

Gram-negative bacteria; the Gram-positive being more sensitive (Branen et al., 1980). 

The antirnicrobial activity of these phenok antioxidants appears to depend on the 

presence of a hydroxyl group on the motecule, the lipid solubility of the compound and 

the degree of steric hindrance induceci. Their mechanism of inhibition has been found to 



involve alterations in: the function and composition of the cellular membrane; the 

synthesis of DNA, RNA, protein and lipid, and the function of the mitochondrion. 

There have been many studies done on BHA, BHï and TBHQ over the years. 

Branen et al. (1980), Raccach (1984), Kabara (1991) and Davidson (1993) described in 

more detail the research done with these antioxidants. 

2.3.6. Other antimicrobial agents 

2.3.6.1. Potc~ssiwn lac(ute and sodium Iactate 

Potassium lactate (CH3CHOHCOOK) and sodium lactate (CH3CHOHCOONa) 

are used as emuIsifiers, ff avour enhancers, humectants, and for pH control in a variety of 

foods (Brewer et al., 1991; Shelef, 1994; Nnanna et al., 1994). They are GRAS in the 

U.S. and permitted in mats in Canada. They c m  be used to extend the shelf-life of 

processed mats; however, potassium lactate is less preferred than sodium lactate because 

of the slightly bitter taste of the former (Weaver and Shelef, 1993). 

There are only a few reports indicating the antimicrobial effectiveness of 

potassium lactate. In two separate studies, Bradford et al. (1993a and 1993b) found that 

between 2% and 3% potassium lactate effectively reduced populations of psychrotrophs 

and coliforms in fresh pork sausages. However, they did discover that microbial numbers 

were not reduced by the addition of potassium lactate to low-fat sausages or low-fat 

carrageenan-based meat patties. They suggested that the reduction of rnicrobial numbers 

in fresh pork was probably due to the ability of the undissociated acid to cross ce11 

membranes, dissociate and acidifj the c d  interior. A h ,  they suggested that potassium 



lactate may reduce a, which would result in decreased microbiai growth. Shelef and 

Yang (1991) found that 4% potassium lactate inhibited L. monocytogenes in chicken and 

beef stored at 5°C for 15 and 20 days, respectively. Weaver and Shelef (19%) found 2 

and 3% potassium lactate inhibited L. monocytogenes in heat sterilised pork liver 

sausages held at 5"C, and that the effect was listenostatic. At an abusive temperature of 

2VC, the microorganism was reduced by -1 Log cmg-' with 4% potassium lactate. 

They also found that potassium lactate at 2% or 3% did not affect the pH of the product, 

and there was ody a small affect on the b. 

There is considerable interest in using sodium lactate as a preservative for meat. 

Sodium lactate has been shown to have antimicrobial activity against a broad range of 

microorganisms. For example, Brewer et al. (1991) found that the addition of 2% or 3% 

sodium lactate to h s h  pork sausage delayed microbiai growth up to 2 1 and 24 days 

respectively. Also, 3% sodium lactate inhibited bacteria in bologna until the 8' week of 

storage, delaying pH decline and the development of off-flavours (Brewer et al., 1992). 

Other nsearchers have aiso found similar results (Maca et al., 1999; Maca et ai., 1997a 

and 1997b; Wederquist et al., 1994). Both potassium and sodium lactate were effective 

in inhibiting pathogens at concentrations up to 3.5% in cooked beef roasts (StilImunkes et 

al., 1993; MilIer and Acuc 1994). Sodium lactate contributes to water-holding capacity 

and increases cooking yield as well as improving the flavour in meat products 

(Papadopodos et al. (1991a, 199Ib, and 1991~). The implied mechanisms of action of 

both lactic acid salts include feedback inhibition, intracellular acidulation, interference 

with proton transfer across ce11 membranes and altering a, (Cassens, 19944; Maas, 1989; 

de Wit and Rombouts, 1990; Shelef: 1994). 



It has been found that the use of sodium or potassium lactate on meat products 

yielded little difference in terms of product quality and that the two salts were equal in 

their antimicrobial effects. The preference for the potassium salt over sodium lactate is 

related to the desire to Iimit the sodium content in meat ptuducts (Shelef and Yang, 

1991). 

Like some other antimicrobials used in this work, potassium lactate was chosen 

because of its inhibitory characteristics and success against psychotrophic bacteria. 

Even though it has been shown to be inhibitory against L. monocytogenes, it was thought 

that combined with other antimicrobial agents, potassium lactate would help to reduce the 

growth of LAB tested in both the preliminary testing and in bologna and ham meat trials. 

2.3.6.2. Phosphates 

Phosphates are used quite extensively in the food industry as processing aids, for 

a varïety of other functional purposes and recently were evaluated for their antimicrobial 

properties (Lück and Jager, 1997; Flores et al., 1996). They are recognized as GRAS in 

the U.S. and have been approved by regdatory agencies for use in meats (Shelef and 

Seiter, 1993). Used as an additive, phosphates: improve water binding, enhance 

exnulsification, retard oxidative rancidity and colour detenoration, and enhance cured- 

colour development (Lee et al., 1994). Phosphates are therefore used to bind structured 

meats, to retain moisture, and to inhibit the growth ofmicroorganims in meat, poultry and 

fish products (Flores et al., 1996; Lee et d,, 1994). The antimicrobial action of 

phosphates results &orn their formation of complex Iinkages with the bivalent metals that 

are essential for microbial growth. This interference causes a reduction in ce11 division 



and it reduces the stmctural stability of the ce11 walI (Liick and Jager, 1997). They have 

been shown to be most effective against bacteria such as Stqhylococms aureus, 

Sîreptococcus faecalis, Bacilhs subtilis and ctoddia (Tompkin, 1983; Lee et ai., 1994). 

Phosphates also reduce the heat resistance of a nurnber of bactena (Hargreaves et al., 

1972). 

There are many types of phosphates used in the food industry. A more complete 

documentary of phosphates and their use is found in Shelef and Seiter (1993). 

In this thesis work, disodium pyrophosphate (Na?H2P207), also known as sodium 

acid pyrophosphate, was used. It is approved for use in processed meats in Canada at a 

level of 0.5%. Major tùnctions of disodium pyrophosphate in meat products are 

essentially the same as those described for phosphates generally: to stabilize meat 

emulsions, increase tendemess, increase hydration, retain colour and improve flavour 

(Shelef and Seiter, 1993). Since it is a chelator, disodium pyrophosphate was 

incorporated in both the preliminary tests and the meat trials to help facilitate the natural 

antirnicrobials in hampering the target organisms. 

This pyrophosphate is one of a number of potyphosphates that are negatively charged, 

strong polyanions that form complexes with metai ions and with positively charged 

proteins. It is prepared fiom phosphoric acid following neutralisation with sodium and is 

a straight-chah molecule. Figure 2 shows the structure of disodium pyrophosphate 

(Shelef and Seiter, 1993). According to Shelef and Seiter (1993), the antimicrobial 

activity of disodium pyrophosphate results fiom the ability of the phosphate to chelate 

cations that are essentiai for growtk Gram-positive bacteria are more sensitive to this 



Figure 2. Stnicture of disodium pyrophosphate (Sheief and Seiter, 1993). 



type of compound due to their higher cation requirements cornpared to Gram-negative 

bacteria. 

2.3.. 6.3, Organic acids 

Organic acids include a large group of poorly ionizable weak acids. Some are 

used as preservatives in food while others are used for acidification, or for taste. 

However, only a few are classified as food preservatives (Eklund, 1989). 

Microorganisrns display varied tolerances to acids. For exarnple, L A 8  are not only 

tolerant to weak lipophilic acids (lactic acid), but also produce them as a by-product of 

their metabolism. Some acids, for example acetic acid, may be critical to the metabofisrn 

of the lactobacilli, but inhibitory to bacilli. In instances where there is a mixed flora, the 

proper use of an acid in a culture medium can select for a particular group desired 

(Doores, 1993). Sofos and Busta (1993) stated that organic acids have a Iarger anti- 

listeriai effect than their salts, due to the ability of organic acids to lower the pH. 

Therefore, higher concentrations of the salts fiom organic acids must be added to have 

the same effectiveness as the acids themselves (Buncic et ai., 1995). 

Eklund (1989), Kabara and Eklund (1991) and Doores (1993) describeci the 

mechanisms of action of different types of organic acids in detail. 

There are many scientific reports describing the success of organic acids against 

microorganisms in foods. Ouattara et aI. (1997) and Podolak et al. (1996) are just two 

examples where organic acids have successfulIy reduced or inhibiteci microff ora in broths 

and meat products. 



2.3.6.4. Moriolmrin (ZatiricidincI) 

Monolaurin (Lauricidina), is the most effective antimicrobial of the glycerol monoesters 

that are available (Jay, 1992). It should be noted that Lauricidin@ is a proprietary form 

of monolaurin, with a higher level of chemicai purity (9496%) than monolaurin (45- 

55%). It has been primarily used in the cosmetic and pharmaceutical industry, but its 

approval for use in foods is currently being sought by many companies (Kabara, 1993). 

LauricidinB is a monoglyceride formed tiom the reaction of lauric acid ( C d  with 

glycerol. It is a highiy lipid soluble preservative with limited water solubility (Kabara, 

1984b). Figure 3 shows the structure of monolaurin/LauricidinQ. LauricidinO3 is a good 

emulsifier because it can be distributed between the lipophilic and hydrophilic phases of 

food ingredient formulations. it is a food grade fatty acid ester and chelator approved for 

use as a releasing agent on sausage casings. Its antimicrobial activity against most Gram- 

positive bacteria, fungi, yeasts, and molds has been demonstrated, but has Iimited 

antimicrobial activity against Gram-negative bacteria (Hall and Maurer, 1986). The lack 

of activity against Gram-negative microorganism is believed due to the different bacterial 

envelope possessed by Gram-negative microorganisms. The latter have a cell wall 

composed of two membranes, each consisting of phospholipid bilayer. The outer layer 

prevents monolaurin from gaining access to the imer membrane, whereas Grarn-positive 

organisms do not possess this outer membrane. There are techniques for the removai of 

this outer banier, the most effective being the addition of a chelating agent (Kabara, 

1984a). Chelating agents are discussed in the next section. The antimicrobiai activity of 

this long-chah fatty acid against Gram-positive bacteria are: a) cause Lysis of protoplasts, 

b) cause Ieakage of absorbing material and protein from both bacteria and protoplasts, 



Figure 3. Structure of monoIaurin/Lauricidin@ (Anon, 1998). 



and c) inhibit both oxygen uptake and amino acid uptake (Gaibraith and Miller, 1973a). 

This means that the presence of monolaurin might change ce11 membrane permeability 

leading to inhibition of synthesis of macromolecules or inhibition of oxygen uptake 

(Galbraith and Miller, 1973b). 

Monolaurin has been found to be more active at high temperatures (55°C) than at 

lower temperatures. In expenments designed to sanitise surfaces, Oh and Marshall 

(1995) found planktonic L. monocytogenes ceils were destroyed by 5Opdml monolaurin 

combined with heating at 5S°C for 5 min. The authors found that temperatures below 

55°C were unable to effectively inhibit the attacheci target organism even at the highest 

level of monolaurin tested (100 pg/ml). They stated that there was a 3.6 log cycle and 

1.4 log cycle reduction for planktonic and adherent cek, respectively, on stainless steel 

chips. In another food-related study conducted by Oh and Marshall (1993) it was found 

that the most rapid inactivation of L monayiogenes by monoiaunn occurred with the 

highest temperature (35°C) and the lowest pH (5) combination examined. They stated 

that the interactions between temperature, pH, and monolaurin depend on the levels of 

each factor. This was backed up with a study done by the authors in 1996 again on 

stainiess steel chips. Here, they were able to compietely inactivate L. monocytogenrs 

with the combination of 1% acetic acid with 50 or 100 pg/ml of rnonolaurin within 25 or 

20 min, respectively. 

There have been several studies conducted using LauricidinGO, For example, 

Baker et al. (1982) demonstrated that 250 ppm LauricidinGO couId extend the shelf-life of 

mechanicaily deboned chicken me& minced fish, and chicken sausage stored at 2°C for 

5,s  and 9 days, respectively. Bacteria in samples treated with LauricidinGO displayed 



extended lag periods and in some cases, reduced rates of microbial growth were 

observed. The authors also discovered that the addition of citric acid (0.2%) with 250 

ppm Lauricidin retarded the spoilage organisms and increased the shelf-life of deboned 

chicken meat by 7 days, rninced fish by 5 days, and chicken sausage by 8 days. 

Researchers Wang and Johnson (1992 and 1997), Oh and Marshall (1992) and Razavi- 

Rohani and Griffiths (1994) wncluded that 10-20,500- 1000, 10, and 96 @ml, 

respedvely, monolaurin was effective against L monocyiogenes, however, this 

effectiveness depended upon the type of food and food constituents, the age of the 

microorganism, pH, temperature and concentration of monolaurin. Monolaurin shows 

promise for use as an antimicrobial in food if used in combination with other agents that 

might expand its spectrum of antimicrobial activity. 

LauricidinQ was chosen for this work because of the extensive research done on 

this antimicrobiai. Kabara (1993) evduated the combination of an emulsifier-glycerol 

monolaurate with food grade phenolics and a metd ion chelator against a variety of 

organisms with success. As weli, Blaszyk and Hoiley (1998) found success when they 

com bined glycerol monoiaurate with phenolic-based spice oil extractive (eugenol) and a 

chelator, EDTA Therefore, it was thought that combining Launcidina with a chelator 

(disodium pyrophosphate) and perhaps with other natural antimicrobials, that the same 

success would be sought in this work. 

2.3.6.5. Chelators 

Chelators are used in food prima14y for their antioxidative properties. They are 

not direct antioxidants, but rather fùnction by eliminating pro-oxidant metals such as iron 



and copper. Commonly used chelating agents are citrates, lactates, polyphosphates and 

ethylene diamine tetraacetic acid (EDTA) (Cassens, 1994d; Kabara, 1991). 

Chelators are approved for lirnited use in the food industry primarily as stabilizers 

and sequestrants. They are not considered preservatives, but they can increase the 

effectiveness of other antimicrobial agents. This effect is important in overcoming the 

resistance of Gram-negative bacteria to chemical challenge especially during extended 

food storage. Early studies have shown that chelators affect Gram-negative strains by 

destabilising their outer membrane. Therefore, the removal of the lipopolysaccharide- 

containhg outer phospholipid membrane from Gram-negative bacteria lowers theu 

resistance to many antimicrobial agents (Kabara, 1991). 

Many researchers have used chelating agents alone, but with minimal success in 

reducing microorganism growth. However, when combined with other preservatives, 

they becorne useful and are a safe addition in food preservaîion (Kabara, 1991; Blaszyk 

and Holley, 1998; Razavi-Rohani and Grifiths, 1994; Gill, 2000). 

2.3.6.6. Lyso-me 

Lysozyme, a water-soluble bactericidal protein, is found in many natural systems 

such as tears, plant tissues, milk and eggs (Cassens, 1994e; Valenta et al., 1997; Conner, 

1993). Conner (1993) stated that because lysozyme has preservative properties, it could 

be used as a naturaily O C C U ~ ~ ~  antimicrobial in food systems. Lysozyme is able to 

inhibit Gram-positive bacteria and pathogens such as C bohdirrum. L motmytogenes 

and some Wuses; however, Gram-negative organisms are usually resistant (Conner, 

1993; Cassens, 1994e; Vaienta et al., 1997). 



Lysozyme inhibitory activities against microorganisms and successfiil 

applications have been describecl by many authors such as: GiIl(2000), Vaienta et al. 

(1997), Corner (1993), Lück and Jager (1997) and Board and Gould (1991). 

2.3.6.7. FloraCam L-2 

FIoraCarn L-2 is a pure culture of Luctobacillus alimentarius, which has been 

proposed for use as a bioprotective agent. This strain does not produce hydrogen 

peroxide and no production of bacteriocins has been detected. According to the 

information fiom the manufacturer, FloraCarn L-2 preserves the taste and appearance of 

cured meat products and can grow within a wide range of temperatures, between 2°C and 

40°C. It also is salt tolerant, up to IO0.. As well, both raw and cooked meat products can 

either be sprayed with, or dipped into the commercial solution and when properly applied 

this results in -10' ce~lscm-~ on the surface of the product (Chr. Hansen, 1996; Bjorkroth 

and Korkeala, 1997). 

FloraCam L-2 suppresses growth of spoilage and pathogenic bacteria by 

cornpetitive exclusion; for example, indigenous or naturai LAB, Gram-negative 

microflora, B. thermosphacta and L. monocytogenes in raw, cooked, or cured meat 

products, which were vacuum-packaged or modified atmosphere packaged ( M M )  were 

reduced in numbers (Chr. Hansen, 1996; Bjorkroth and Korkeala, 1997). However, in the 

study conducted by Bjorkroth and Korkeala (1997) it was found that when FloraCarn L-2 

was incorporated into vacuum-packaged lhdcfkters, it did not suppress the growth of 

four ropy slime-producing L. sakei strains foiiowing inoculation. 



2.3.7. Combinations of antimicrobiai agents 

Traditionally, it was comrnon to use only one antirnicrobial agent in a food 

product for the purpose of preservation, tiowever, in recent years; the use of combined 

agents in a single food system has become more common. Theoretically, the use of 

combined antimicrobial agents provides a larger spectmm of activity, especidly with 

increased antimicrobial action against pathogenic or spoilage organisms. It is thought 

that combined agents act on different species of a mixed microflora or act on different 

metabolic elements within similar species or strains (Parish and Davidson, 1993). This 

results in improved microbial control over the use of one antimicrobial agent alone. 

There are many types of naturai inhibitory combinations used in the food industry 

invohing antimicrobials and chelating agents. Ody a sekcted few will be discussed 

here. 

Gill(2000) applied a combination of 500 mg.kg" 1:3 1ysozyme:nisin and 500 

mgkg-' disodium ethylenediarninetetracetate (EDTA) to meat mode1 systems. He found 

that the treated ham and bologna amples prevented the growth of B. themoqhacra up to 

4 weeks and reduced the growth of Lb. cumatrcs to 3 weeks. He also found that treated 

bologna reduced the growth of Lc. mesenteroicies and L. monqtogenes for 2 weeks and 

reduced the growth of E. coli 0157:H7 for 4 weeks. On treated ham, S. Typhimurium 

growth was increased at week 3. He concluded that this combination might be used to 

control the growth of microorganisms found in cured meat produas. He also found that 

cooked h m  and boIogna sausages coated with the combinaiion of lysozyme, nisin and 

EDTA with 7% gelatin gel had a bactericida1 effect on Gram-positive microorganisms up 

to 4 log C F U - ~ - '  over a 4 week storage period. 



Some researchers focused on combinations +th monoIaurin. Btaszyk and Holley 

(2998) showed that the combination of eugenol(500 and 1000 ppm), monolaurin (100- 

250 ppm) and sodium citrate (0.2 and 0.4%) prevented the growth of lactobacilli and 

pathogenic microorganisms. They discovered that this combination was unable to 

effectively inhibit Lc. mesenteroides and L. monocytogenes due to the presence of citrate, 

which may have been utiiised during the course oftheir experiments. However, these 

two microorganisms were inhibited with eugenoI and monolaurin only. 

M e r  researchers studied combinations involving sodium lactate. Blom et al. 

(1997) found that a mixture of 3.5% (wh) lactate and 0.25% (wh) acetate could be used 

to increase the rnargins of safety for sliced and spreadabie vacuum-packed ready-to-eat 

cooked meat products with similar characteristics to sliced servelat sausage and cooked 

ham. 

A combination of a bacteriocin and organic acids studied by Scanne11 et al. (2000) 

is another example of antimicrobial combinations. In their studies, they discovered that 

the combinations of organic acids with lacticin 3 147 (produced by Lactococclls lactis) 

enhanced the activjty againçt &lmonella Kentucky and Lisferia innocua, and was 

effective in the inhibition of C. perfnngens in theu meat mode1 system. They aIso found 

that lacticin 3 147 combined with either sodium citrate, or sodium lactate maintained 

signifimtly lower total aerobic bacterid numben for the duration of the trials. They 

suggested that this combination could be us& as an aiternative to sodium metabisulfite, a 

preservative, wfiich is used in Eesh pork sausages in the U.K (but not dtowed in North 

Amerka). 



CHAPTER 3 

Materiab and Methods 

3.1. Materials 

3.1.1. Bologna and Ham Sausage Samples 

Maple LeafMeats Winnipeg Ltd., kindly donated both regular bologna (5 kg) and 

chopped harn (5 kg) batters. The botogna consistai of pork, rnechanicalIy separated 

twkey, chicken, pork or beef by-products, water, wheat flour, potato starch, salt, 

dextrose, spices, sodium eqthorbate, sodium nitrite and smoke. The ham contained: 

12.5% meat protein, pork water, salt, sugar, dextrose, 8020 basic sodium phosphate and 

hexametaphosphate, carrageenan, sodium erythorbate and sodium nitrite. 

3. I .2. Antirnicrobial Agents 

Liquid smoke (Aro-Smoke P-SO), horseradish oi1, LauricidinQ (glycerol 

monolaurate), potassium lactate, Aita 234163 and Alta Mate0 were ail kindly donated. 

OnIy disodium pyrophosphate, eugenol and allyl isothiocyanate (MT) were purchased 

for t h  work. Appendix 1 contains the origin of these antirnicrobial agents. 

3.1.3. Bacteriai Strains 

Strains No. 1,9 and 10 were isolated Born retaiI meats (HoIIey et al., I996a) and 

are part of the University of Manitoba, Department of Food Science cuIture colIection. 

in this study, No. 1 was Lc. mesenreroides ssp. mesenteroideq No. 9 was Lb. 

d e i ;  No. 10 was Lb. curvattis. 



3.1.4. Chemicals (Appendix 1) 

3.1.5. Media and Reagents (Appendix 2) 

3.1.6. Supplies and Instruments (Appendix 3) 

3.2. Methods 

3.2.1. Strain Maintenance 

A standard procedure was followed to maintain the viability of Iactic acid bacteria 

(LAB) cultures (Appendix 4). This procedure was used to store pure cuItures at -800C 

for later use. 

As well, individual strains were streaked ont0 M R S  medium, incubated 

anaerobically at room temperature, and then kept at 4OC. This procedure allows for 

continuous access to active viable LAB for up to hvo weeks. 

3 2.2.  Microorganism identification Tests 

3.2.2.1. Morphology Test 

MorphologicaI examinations of cultures were routinely performed as an indicator 

of culture purïty. A drop of sterile distilled water was placed on a cIean microscope slide. 

With a sterile platinum Ioop a wlony fiom a culture plate was picked-off and smeared 

evenly over a small area of the slide to obtain well-spaced ceils for examination under the 

microscope. A cover slip was gently placed over the smeared area and a drop of 

immersion oil was dispensed on top of the slip. The slide was placed on the stage of the 

microscope and viewed (hrrigan and McCance, 1976). Observations were camied out 

using a Zeiss UniversaI Research microscope under phase-contrast illumination. 



3.2.22. Gram Test by KOH 

Gram reactions of cells were determined using the potassium hydroxide (KOH) 

solubility test (Gregersen, 1978). This test distinguishes between Gram-positive and 

Gram-negative bacterial cells. A drop of 3% potassium hydroxide (KOH) was placed on 

a microscope slide. Using a sterile platinum loop, one colony was picked from a culture 

plate and mixed with the &op of KOH sotution. After a few seconds of stirring, the loop 

was raised from the mixture and examined for any ropiness, or viscous thread-like slime. 

A positive result was regarded as ropiness or slime, which indicated the organism tested 

was a Gram-negative bactenum. if there was no slime, but only a watery-like 

suspension, the reaction yielded the conclusion that the organism was Gram-positive. 

This reaction is based on the solubilisation of lipopolysaccharide 0 9 s )  from the Gram- 

negative cell wall which foms a viscous gel. Gram-positive ceIl walls do not contain 

enough LPS to generate a viscous solution (Gregersen, 1978). 

3.2.2.3. Catafme Test 

Some organisms growing on aerobic plates possess the enzyme catalase, for 

example Brochothrix spp. During the course of the meat trials, it was found that lactic 

acid bacteria (catalase negative) aiso grew on streptomycin thallous acetate actidione agar 

(STAA) medium, which was a selective medium for Brmhothrix ssp. Thetefore, the 

catalase test was used to help distinguish which type of colonies were present on STAA 

media. 



The catalase test was performed according to Hamigan and McCance (1976). A 

drop of 3% hydrogen peroxide f i 0 2 1  was placed on a microscope slide. Using a steriIe 

platinum loop, a colony was picked flom a culture plate and mixed with the solution. 

[rnmediate gas ( 0 2 )  production on the slide indicated a positive catalase reaction, while 

an absence of gas bubbIes indicated a negative catalase reaction. This test was also 

applied to STAA media by flooding the Petri dish with 3% HZ@ to detect the presence of 

any non-LAB on the medium. 

This test detects the presence of catalase, which protects bacteria tiom the 

hannful effects of hydrogen peroxide by cataIytically converting Hz02 to water (WIO) 

and 01 (Prescott et al., 1990). 

3.2.2-4. Moriiity Tesr 

This test was useù to determine if the unknown bacteria, discovered on VRBG 

plates during the course of the meat triais, were mobile. This test helps to identify the 

genus name of the unknowns, because not al1 bacteria are motile. The motiIity test was 

performed in test tubes containing the appropriate medium for the bacteria, with the 

exception that the amount of agar was reduced to 0.5-0.7% to aiiow the bactena to move 

within the medium. A motility test medium can also be used. The medium within the 

tubes must be steriIised and cooled before the inocdation procedure. The medium was 

inoculated by stabbing with a needle carrying a 24 h old bacterial culture. The medium 

was usuaIly stabbed horizontdly from the centre of the test tube to over haIf the depth. 

The test tubes wcre incubated at appropriate temperatures and mults were obtained 

generaIly in 24-48 h. Non-motile organisms grow ody dong the line of inoculation, 



while motile organisms spread out fiom the line of inoculaiion and rnay even grow 

throughout the medium (BBL manual of products and laboratory procedures, 1968). 

Comparing tubes with an uninoculated tube (control) was heipful in evaluating the 

results, as was holding the test tube ctose to a iight source. 

3.2.2.5. API 20 E Test 

The AP120 E test is a standardised, miniatunsed version of conventional 

procedures for the identification of Enterobacteriaceae and other Gram-negative bacteria. 

This test was cam'ed out in the course of m a t  trials when unknown bacteria were found 

on VRBG plates which were thought ta be Enterobacteriaceae, since Lc. meset~teroides 

ssp. mesenteroides and Lb. sakei did not grow on VRBG plates. 

The API 20 E test was performed according to the API 20 E System product 

information manual (Sept. 1996). An 85% saline sohtion, with a pH range of 5.5-7.5, 

was added to a stenle test tube. With a steriIe Ioop, a coIony From a culture plate was 

picked and thoroughly mixed with the saline solution. Approximately 5 ml of distilled 

water was distriiuted into the incubation tray that was provided. This created a humid 

atmosphere dunng incubation. The API 70 E strip, which consisted of 20 microtubes 

containing dehydrated substrates, was ptaced omo the incubation tray. A 5 ml Pasteur 

pipette was used to fil1 the tube section ofthe microtubes with the bacterium suspension. 

This was done by tilting the incubation tray and placing the pipette tip against the side of 

the cupule. The manufacturer suggested to: (1) underfiIl the tubes Iabelled for ADH, 

LDC, ODC, H2S and URE reactions because interpretation was best seen at this level; (2) 

611 both the tube and cupule section of the Cï ï ,  VP and GEL tests; and (3) afler 



inoculation, completely fil1 the cupule section of the ADH, LDC, ODC, H2S and URE 

tests with mineral oil. After al1 microtubes were tilled appropriately, a plastic lid was 

placed on the tray and incubated for 18-24 h at 35-37"' in an aerobic incubator. Between 

18 and 24 h of incubation, ail the reactions not requiring the addition of reagents were 

recorded on the result sheet provided. interpretation of the reactions cm be found in the 

Surnrnary of Results table that is included in the API 20 E system package. 

3 .Z. Strain Isolation and Incubation Conditions 

Ai1 media plates were inverted during incubation. Table 1 sumrnarises the 

conditions used. 

3.2.4. Preliminary Tests (in vitro) 

3.2.4.1. Preparations of A~ttimicrobials 

Antimicrobials prepared as described below were used throughout the preliminary 

tests. 

Lauricidina was dissolved in 95% propylene glycol, as suggested by HaiI and 

Mauret (1986) and Baker et al. (1982), and heated to -70°C (Hall and Maurer, 1986). 

Lauricidina was prepared at a concentration of 50,000 ppm by heating 1.5 g of 

Lauricidinm in 5 mi of 95% propylene glycol until Lauricidina was completed dissolved, 

and then 25 mi MRS broth was used to dilute the soIution to give a fina1 volume of 30 ml. 

The M R S  broth was used in most cases for ail antimicrobials, instead of distilled water, 

to serve as additional nutrients for the target microorganisms. 



Table 1. Strains, media and incubation conditions used during microbial analysis of 
microorganisms throughout in vitro and in viw testing. 
Microflora Growth Time (h) Temperature Atmosphere 

Medium ( O C )  
Total plate count Standard plate 48 25 Anaerobica 

count (SPC) 
a w  

Lactic acid bacteria De Man- 4sb 25 Anaerobicb 
(LAW Rogosa-Sharpe 

(MRS) agar 

All purpose 48 25 
tween (APT) 
agar 

Brochorhrix Streptomycin 38 25 
therrnosphacta thallous acetate 

actidione 
(STAN agar 

Heterofermentative M5 agar 48 25 
and 
homofermentative 
LAB 

Anaerobic" 

Aerobic 

Anaerobic" 

Enrerobacreriaceae Violet red bile 24 3 7 Aerobic 
glucose 

a 10% COz was used for anaembic environment. 
sometimes a positive r e d t  was seen within 24 h. 
1% (wlv) glucose was added to VRB and no overiay was applied. 



Like LauricidinQ, eugenol was also prepared using 95% propylene glycol. For a 

stock concentration of 10,000 ppm, 0.10 ml of eugenol was dissolved in 2 ml of 95% 

propylene glycol and diluted with 7.90 ml of M U  broth to give a final volume of 10 ml. 

When eugenol was used in the spiral gradient endpoint (SGE) antimicrobial susceptibility 

test, a stock concentration of 182,000 ppm was prepared to give a target range of 500- 

1,000 ppm, which was determined by the SGE software program. Therefore, 1.82 ml of 

eugenol was dissolved in 3 ml of 95% propylene glycol followed by the addition of 5.18 

ml of MRS broth giving a final volume of 10 ml. 

Disodium ethylenediarninetetracetate was dissolved in MRS broth. For example, 

1 g EDTA per 100 ml of MRS broth gave - 10,000 ppm stock concentration. Once 

EDTA was dissolved in MRS broth, it was standardised to pH 6. 

Disodium pyrophosphate (4 g) was prepared in 50 ml MRS broth to give a final 

stock concentration of 80,000 ppm. Like EDTA, the pH of disodium pyrophosphate was 

adjusted to 6. 

Sodium phosphate tnpoly (10 g) was dissolved in 100 ml of MRS broth to give a 

final stock concentration of 100,000 ppm. It too was standardised to pH of 6. 

Liquid srnoke (Arrow Smoke P-50) was assumed to be at a stock concentration of 

100%. Therefore it was diluted to the appropriate concentration using MRS broth. For 

example, 1 mi of liquid smoke was diluted with 10 ml of MRS broth to give a 

concentration of 100,000 ppm. 

Allyl isothiocyanate was at a 95% stock concentration when purchased. It was 

dissolved in 0.50 g of whey protein. For exampk, a concentration of 2,000 ppm was 



prepared by adding 0.2 ml of MT to 0.50 g ofwhey protein followed by 99.8 ml ofMRS 

broth to give a final volume of 100 ml. 

Polyphosphoric acid was not diluted when used in the preliminary tests. It was 

assumed to be 100% concentrated. Therefore, for a stock concentration of 80,000 ppm, 8 

ml of polyphosphoric acid was mixed with 92 ml of MRS broth. When polyphosphoric 

acid was used in the preliminary tests, it was not standardisai to pH 6. 

Alta@ 2341 and Aita Mate@ were both prepared in the sarne manner. For a 50% 

stock concentration, 12.5 g of either Aita@ 2341 or Alta Mat& was mixed with 25 ml of 

MRS broth. It was then slightly heated (- 40°C) to ensure complete solution. 

Phosphate glass and phytic acid were also prepared in the same manner. For 

example, 1 g of either antirniaobial was mixed with 10 ml of MRS broth to yield a stock 

concentration of 100,000 ppm. 

Potassium lactate was purchased as a stock concentration of 85%. Therefore, it 

was diluted with MRS broth to the desired concentration. For example, 2.47 ml of 85% 

potassium lactate dissolved in 70 ml of MRS broth gave a stock concentration of 3% or 

30,000 ppm. 

Morpholinoethane sulphonic acid was used in a 1% stock concentration. 

Therefore, 1 g of MES was dissoIved in 100 ml of MRS broth. 

3.2.4.2. Indivirfi~al Itihibitory Factor Shrdy 

Inhibitory factor studies were conducted using broth dilution tests for 

determination of minimum inhibitory concentration (MC) of test reagents. 

Antirnicrobials alone or in combination were tested for their inhibitory effects on target 



organisms. n i e  tests were prepared according to Oh and Marshall (1992), Buncic et al. 

(1995) and Bany (1986). 

Two different sets of tests were conducted. The first set of experiments involved 

three microorganisms, Lc. mesenteroides ssp. mesertteroides, Lb. saki and Lb. mvatirs, 

which were grown anaerobically in fiasks containing 50 ml of MRS broth for 48 h at 

25°C. Stock concentrations of eugenol, liquid smoke, horseradish oil, LauricidinQ and 

polyphosphoric acid were prepared in 250 ml flasks. JMP IN Statistical Discovery 

Software was used to pre-pIan antimicrobid combinations. Screw capped test tubes 

containing specific volumes of MRS broth were sterilised before the addition of 

antimicrobials. The test tubes were then inoculated with the specific microorganism at a 

concentration of lo3 C F U * ~ ~ "  in a fina1 volume of 10 ml each. Al1 test tubes were 

vortexed-mixed prior to incubation at an abusive refiigerated temperature of 

approximately 8OC. Sarnples were removed from the test tubes and spiral-plated onto 

pre-poured MRS medium using an Autoplate@ 4000. The Petri dishes were incubated 

anaerobically with mixed gas of 30170 COz and N?, respectively, for 48 h at 25OC. 

Growth on the Petri dishes was examined using the Computer Assisted Spiral Bio-assay 

(CASBAQ 4) scanner bed and image analysis software program. The time periods used 

were: 0,48 h at 25OC for one set of expenments; 0, 6, 12,24, 48 and 72 h at 8OC for 

another set of experiments; and 0, 12,24,48, 168,288 and 360 h at 8°C for a third set of 

experiments. For each time penod, ody one test tube was used and the sarnple was platecl 

in mplicate. Uninoculated and inoculated test tubes containing only MRS broth served as 

negative and positive controls, respectively. At each time period, these controls were 

aiso piaicd in iripiicaie and inr;u8aid as Jtscr:riocxi abovs Taiiics 2-7 irirficdk iiie 



concentration of each antimicrobial added to test tubes for the various experiments 

conducted. 

The second series of tests involved only two microorganisms, Lc. mesenteroides 

ssp. mesenteroides and Lb. sukei, which were grown anaerobicaily in flasks containing 50 

ml MRS broth for two-24 h periods. The microorganism Lb. mrvatus was eliminated 

fiom this series of tests, because it was found that Lb. sakei was the more persistent 

organism of the two. A stock concentration of each antimicrobial agent was prepared. 

They were LauricidinQ, disodium pyrophosphate, potassium lactate and Alta@ 2341. 

Screw capped test tubes containing MRS broth supplemented with 2.5% (wlv) NaCl and 

100 ppm (wlv) NaNOz were sterilised before the antimicrobials were added. The 

addition of these two salts was to mirnic a standard cured meat formulation. The test 

tubes were then inoculated with either microorganisrn at approximately 10' colony 

forming units (~FU)-ml-l, vortex-mixed to ensure complete mixing of al1 additions and 

stored at 8°C. At each t h e  period, sarnpies were taken and pIated in tnplicate. The 

plates were incubated anaerobically using CO2 (Gas-Pak and anaerobic chamber) at 25°C 

for 48 h. The results were observed using the CASBAB 4 scanner bed and image 

analysis software program. The tirne period for sarnpling was 0,2,4,6,8, 10, 12 and 14 

days, M e r  each sampling period, the pH was measured and recorded. Uninoculated and 

inoculated test tubes without the additions of antirnicrobiais served as negative and 

positive controis respectively, and were afso incubated and sampled during the same time 

periods. Table 8 outlines the antimicrobial concentrations used during this set of 

experiments. 



Table 2. Eugenol and tiquid smoke (Aro-smoke P-50) 
concentrations used with Lc. mesenferokks ssp. 
mesenteroides, Lb. sakei and Lb. curvatus at 25OC for 
48 h. 
Treatment Number Eugenol (ppm) Liquid Smoke (ppm) 

positive controt, MRS broth homtated with one of the 
target microorganisms. 



Table 3. Eugenol, liquid smoke (Aro-smoke P-50) and 
horseradish oil concentrations used with Lc. mesenterorijes 
ssp. mesenteroides, Lb. sakei and Lb. cuntatus at 8OC for 
72 h. 
Treatment Number Eugenol Liquid Smoke Horseradish 

( P P ~ )  @pm) Oil @pm) 
1 a O O O 
2b O O O 
3 1 O00 O O 
4 O 1 O00 O 
5 O O 1 20 

a negative control, uninoculateû MRS broth onty. 
positive control, MRS broth inoculated with one of the target 

microorganisms. 



Table 4. Concentrations of eugenot and horseradish ait 
alone, or in combination used with Lc. mesentemides ssp. 
mesenteroides at 8% for 36û h. 
Treatrnent Number Eugenol (ppm) Horseradish OiI (ppm) 

3 O 1 00 
4 O 60 
5 O 80 
6 1 O00 O 
7 1 O00 100 
8 1000 60 
9 1000 80 
10 500 100 
17 500 60 
12 500 80 
13 750 100 
14 750 60 
15 750 80 

a negative control, uninoculated MRS broth mly. 
positive control, MRS hoth Mowlated with Lc. mesenteroides 
ssp. mesenteroides. 



Table 5. Concentrations of liquid smoke 
(Aro-smoke P-50) and horseradish oil used with 
Le. mesenteroides ssp. mesenteroides at 8*C for 
360 h. 
Treatment Number Liquid Smoke Hwseradish Oil 

3 O 60 
4 O 80 
5 O 1 O0 
6 500 60 
7 500 80 
8 500 100 
9 750 60 
10 750 80 
11 750 1 O0 
12 1 O00 O 
13 7 O00 60 
14 1000 80 
15 1 O00 1 O0 

a negative control, unimdated MRS broth ortfy. 
positive control, MRS broth iriocufated with 
Lc. mesenteroides ssp. mesenteroides. 



Table 6. Concentrations of eugend. hwseradish oil. ~auricidin~ and 

polyphosphoric acid used with Lc. mesentemides ssp. mesentemides 
at 8OC for 360 h. 
Treatment Eugenol Horseradish tauricidinK Polyphosphoric 

Number (ppm) Oil ( P P ~ )  ( P P ~ )  Acid (ppm) 
1 a O O O O 

3 O 60 250 4000 
4 O 80 250 4000 
5 O 100 250 4000 
6 500 60 250 4000 
7 500 80 250 4000 
8 500 100 250 4000 
9 750 60 250 4000 
1 O 750 80 250 4000 
1 1  750 1 O0 250 4000 
12 1 O00 O 250 4000 
13 1 O00 60 250 4000 
14 1 O00 80 250 4000 
15 1000 1 O0 250 4000 

a negative wrttrd, uninoculated MRS broth only. 
positive control, MRS broth inaailated with Lc. mesetiteroides 
ssp. mesenteroides. 



Table 7. Concentrations of Iiquid smoke (ho-smoke P-50), horçeradish 
oil, ~auricidin~ and polyphosphoric acid used with Lc. mesenteroides ssp. 
mesenteroides at 8OC for 36û h. 
Treatrnent Liquid Srnoke Horseradish Oit ~auricidin' Polyphosphoflc Acid 

Nurnber (PPm) (PPm) ( P P )  ( P P ~ )  
1 a O O O O 

15 1 O00 1 O0 250 4000 
a negative control, umnocufated MRS broth onfy. 
positive control, MRS broth inoailated with Lc. mesentem&s ssp. 
mesenteroides. 



Table 8. Concentrations of ~auriddin~, disodium pyrophosphate, potassium 
lactate and ~ l t a ~  2341 used alone, or in combination with Le. mesenteroides ssp. 
mesenieroides and Lb. saki at 8% fix 14 days. 

Treatment ~auricidin~ Disodium pyrophosphate Potassium lactate AltaR 2341 
Number (ppm) @pm) ( P P ~ )  ( P P ~ )  

1" O O O O 

3 250 O O O 
4 250 4000 O O 
5 500 O O O 
6 500 4000 O O 
7 O 4000 O O 
8 O O 30000 O 
9 O O O 5000 

a negative control, uninoculated MRS + 25% NaCf + 100 pprn Namz o n k  

positive control, MRS + 2.5% NaCl + 100 ppm NaN02 inoculated with one of the 
target microorganisms. 



During the course of these tests and the tests below, the Autoplatefi 4000 had to 

be reconditioned because of dificuIty in proper operation. Problems occurred with the 

vacuum source becoming contaminated with moisture. The vacuum source was 

equipped, outside, with an additional Vacu-guard filter and a small flask filled with 

desiccant stones sealed with a two-hole rubber stopper. Two glas tubes were 

incorporated into the rubber stopper with one completely submerged into the desiccant 

stones. Both the Vacu-guard filter and the flask containing desiccant stones helped to 

prevent any moisture fiom entering into the vacuum source. Occasionally the filter and 

the desiccant stones were replaced. 

3.2.43. Spiral Gradient Endpoint (SGE) Anrimicrobial Susceptibility Test 

The Spiral Gradient Endpoint (SGE) Antimicrobial Susceptibility test was 

performed according to the SGE manual fiom Spiral Biotech, Inc., (1993) and Razavi- 

Rohani and Griffiths (1994). This test is an alternative to broth and agar dilution, or spot 

diffusion tests that are used to evduate the inhibitory effect of antimicrobial agents on the 

growth of bacterial popuIations. The advantage is that it allows for the testing of many 

different strains of bacteria against antimicrobial agent(s) using one Petri dish. It allows 

for greater sensitivity in quantitative determination of a minimum inhibitory 

concentration (MC) endpoint and alIows for estabhshing qualitative differences between 

biocidal and biostatic interactions (Schalkowsky, 1986). 

The SGE test can also measure a wide range of antimicrobiai concentration(s) 

within the gradients created on one MRS medium plate. For this work, each 15 cm Petri 

dish contained 70 ml of MRS agar supplememed with 2.5% NaCl and 100 ppm of 



NaN02, or a combination of MRS, NaCl, NaNOz and other antimicrobial agent(s), that 

were prôpoured and the agar surface dried before use, The total drying time used was 2 

h at room temperature; the Petri dishes were first dried for 15 min, and then inverted and 

drying was continued for another 1 h and 45 min. This allowed the entire agar surface to 

be fiee of any Iiquid or moisture. Also, this prevented mixing of added agents in residual 

surface moisture which could later alter the formulated gradient of agents in the agar. An 

important practice was to have uniform and level surfaces in the Petri dishes to attain 

proper dispensing of the gradients. ifthe medium does not have a level surface the 

gradients tend to become more oblong instead of circular and yield inaccurate results. 

Morpholinoethane sulphonic acid (MES) was also added as a buffering agent when 

disodium pyrophosphate was incorporated into the agar. The addition of MES helped to 

maintain the pH at 6, which mimics cured meat formulations. 

Stock solutions were determined by entenng the molecular weight and the desired 

inhibitor range (in ppm) of each antimicrobial agent into the computer software system. 

Table 9 outlines the concentration range of each antimicrobial used. Each stock solution 

was prepared and fiher sterïlised (using a syringe and membrane filter) before being 

spimi-plated onto media using the Autoplatet43 4000. This instrument produced 

concenmtion gradients that decreased as the stylus moved fiom the centre to the 

penphery of the Petri dish, dispensing an accurate volume of stock solution. In the case 

of eugenol, the antimicrobial solution was vortexed before each use to avoid separation 

within the test tube caused by the insolubility of the essential oil in the diluent solution. 



Table 9. Interaction of several antimicrobials to cause reduction in the minimum inhibiory concentration 
(MIC) of eugenol in spiral gradient endpoint tests with Lc. mesenteroides ssp. mesenteroides and Lb. sakei at 
2S°C for 2 days or 8'C for 5 days. 
Treatment EDTAa ~ l t a '  2341 Alta MateK Phosphate Disodium Potassium ~auricidin' Eugenol 

Number (PPm) (PPm) ( P P ~ )  g las pyrophosphate lactate (ppm) (pprn) 

2" O O O O O O O O 
3 O 5000 O O 4000 30000 O 500-1000 
4 O 5000 O O O O O 500-1000 
5 O O O O O O O 500-1 O00 
6 500 5000 O O O 30000 O 500-1000 
7 O O 5000 O 4000 30000 O 500-1000 
8 O O 5000 O 4000 O O 500-1000 
9 O O 5000 O O O O 500-1 000 
10 O O O O 4000 O O 500-1000 
1 i O O O O O O 50-1000 O 
12 O O O O O 30000 O 500-1000 
13 O O O 4000 O O O 500-1000 

a disodium ethylenediaminetetracetate. 
' negatÏÏe control, uninocutated M R S  aga+ 2.5% NaCt + tûü ppm MW2. 

posiüve wntrol, MRS agar + 2.5% NaCt + 100 ppm NaNOz inoculateci with orte of the target 



After the gradients were applied, each Petri dish was marked in the centre with a 

non-cotton end of a sterile swab and then, using a marking pen, a cross mark was made 

on the bottom of the Petri dish. This mark provided a reference point when digning the 

Petri dish and the SGE template together. The covered Petri dishes containing the 

gradients were dried for 2 h to ailow suEcient time for the antimicrobial(s) to diffise 

through the medium. 

Each Petri dish was then placed on top of the SGE template with its centre 

(marked previously) aligned with the middle mark found on the template. A sterile 

Cotton swab was dipped into MRS broth containing a 24 h old target organism and 

squeezed very lightly against the side of the test tube to remove any excess inoculated 

broth. With the swab, radial streaks of Lb. sakei and Lc. mesenteroides ssp. 

mesetiteroides were then deposited on the surface of the medium. The streaks started 

fiom the outer edge of the Petri dish and followed down towards the template guides to 

about the 18 mm mark. There are a total of fifieen streak regions that can be applied to 

one Pem dish. For this work, every second streak was inoculated with the target 

organism, and every other streak was untouched to represent negative controls. 

Therefore, a total of eight inoculated streaks were on one Petri dish. 

The plates were covered to prevent contamination and dlowed to dry for up to 15 

min. Since eugenol is volatile, 80 ml of 1.5% plain (NobIe) agar was used as an overlay 

to cover this agent, preventing it fiom escaping and Iosing its initial concentrated gradient 

Ievels. This additional layer dso provided an anaerobic environment in which LAB 

prefer to grow. Through many attempts, it was discovered that the overlay agar should 

be carehlly and slowly poured as close to the edge of the Petri dish as possible to prevent 



the inoculated streaks from lifting off of the medium. Control Petri dishes containing no 

antimicrobials were streaked with the test microorganisrns ody (in the same manner as 

previousiy described), and were also overlaid with ptain agar. 

The Petri dishes were inverted and incubated at 25°C for 48 h or at 8°C for 5 days. 

Mer incubation, visible growth was ubserved ody on a portion of the radial streaks. 

The SGE template was used to measure the MIC where the growth to no-growth region 

occurred on the plate. The SGE template is shown in Figure 4. The results were 

recorded and entered into the computer software where the MIC for that particular 

antimicrobial agent was calculated. The software used a number of parameters; for 

example, medium thickness (4.6 mm) and incubation period (48 h). Each experiment 

was performed in triplicate. 

To detect the viable CFUml-' present in inocula the AutoplatedB 4000 was used. 

Cultures of each strain were spiral-plated, in triplicate, on MRS medium and incubated 

anaerobicaliy at 25°C for 48 h. The Petri dishes were then counted either by hand, or by 

using the elecuonic scanner with image anaiysis software program. This procedure will 

be discussed in more detail in the microbiology analysis section of this chapter. 

3.2-4-4. Agar and Antimrcrobial D fision Tests 

3.2.4.4.1. Aear Spot Test 

The agar spot test was carried OUI according to Speihaug and Harlônder (1989), 

and Barry (1986). This test was used to inÏtially determine bacterial susceptibility to 

antirnicrobid agents. 



SGE 
TEMPLATE 

Figure 4. Spiral gradient endpoint (SGE) template used to detemine the 
minimum inhibitory concentrations (MIC) o f  various antimicrobial agents against 
Lc. mesenteroides ssp. mesenteroides and Lb. suki (Spiral Biotech, Inc., 1993). 



Each Petri dish contained 25 ml of MRS medium supplemented with 2.5% NaCl 

and 100 ppm N W 2 ,  with or without the addition of an antimicrobial agent. The plates 

were dried for 2 h before the surface was inocdated with a 24 h old test microorganism. 

Surface inoculation was carried out by either spreading with a hockey stick (glass rod) or 

by the "lawn" method. The lawn method was performed using the Autoplate& 4000. 

Each inoculated Petri plate contained approximately log cFU.~L", at volumes of 100 and 

300 pl for the hockey stick method and 20 pl was used for the lawn method. Positive 

controls were Petri dishes inocutated the same way without antirnicrobials, and negative 

controls were without antimicrobials or bacteria Gust the test medium itself). All Petri 

dishes were then dried for 15 min at rwm temperature. 

The antimicrobial agents tested (Table 10) were made up in a series of test tubes, 

each containing a different concentration. Lauricidina and eugenol concentrations 

decreased by 100 ppm at each subsequent dihion while EDTA, disodium pyrophosphate 

and sodium phosphate tripoly concentrations were decreased by 1000 ppm. A blank 

(plain MRS broth), containing no antimicrobia1 agent, was also prepared for this test. 

The concentrated antimicrobial was thoroughly vortex-mixed before 5 pl aliquots were 

spotted ont0 the surface of the medium. Each spot was spaced approximately 2 cm apart 

per plate. Each experiment was camïed out in triplkate. Ethe antimicrobial was volatile, 

a thin (30 ml) 1.5% agar layer was carefuIIy poured on top to decrease the chances of the 

antimicrobial fiom being volatilised. The Petri dishes were incubated at 25°C for 24-48 h 

or 8°C for up to 7 days. A clear zone exrendhg lateraily Eom the border of the spot 

denoted inhibition. 



Table 10. Antimicrobial concentrations used atone, or in combination during agar spot 
tests with Le. mesenteroides ssp. mesenteroides and Lb. sakei at 25OC for 48 h or 
8OC for 7 days. 
Treatment ~auricidin~ Eugenol D i s o d i  EDTA~ Sodium 

2b O O O O O 
3 1 00-500e O O O O 
4 250' 100-1 OOOe O O O 
5 500' 100-1000" O O O 
6 O O 1000-1 0000' O O 
7 O O O O 1000-10000' 
8 O O O t 000-10000f O 

a negative control, uninoculated MRS broth + 2.5% NaCl + 100 pprn NaN& only. 
positive contrai, MRS broth + 2.5% NaCl + 100 ppm NaN02 inoculated with one of 

the target microorganisms. 

antimicrobial inwrporated into MRS medium before solidification. 
disodium ethylenediamineMmetatetate 
concentrations increased by intervals of tûü ppm. 
' concentrations increased by intervals of 1000 ppm. 



The s i x  of the zone of inhibition was proportional to the Iog of the concentration of the 

antirnicrobid. 

Severai alternative procedures were used during the course of these experiments. 

First, if a type of phosphate was tested, 1% (w/v) MES was incorporated into the MRS 

broth mixture as a buffering agent to maintain the pH at 6. Secondly, sometimes molten 

agar (0.5%) was mixed witft the volatile antimicrobial within the test tubes to help 

prevent the agent t?om dissipating into the air. Lastly, LauricidinB sometimes was 

incorporated into the MRS medium. 

3.2.4.4.2. WeIl Diffusion Test 

The weil diffusion test was also used to determine the inhibitory effects of 

antimicrobials against target organisms. This was doue by incorporating the volatile 

agents into agar and the mixtures were placed into wells. Results obtained can be similar 

to those of the agar spot test and in both techniques zones of inhibition were rneasued to 

detennine the inhibitory effect of an antimicrobial agent. 

Strains were grown anaerobicaily in MRS broth at 25°C for 24 h. The Petn dishes 

containeci 25 ml of MRS medium supplemented with 2.5% NaCl and 100 ppm N m .  

The test strain, with a final concentration of approximately t o6 C F U ~ ' ,  was 

incorporated into the agar medium mixture after being cooled to 47-WC and vortexed 

quickiy. The medium was then poured into Petri dishes and allowed to dry for 2 h. Wells 

were cut fiom the agar by using the larger hollow end of a stede pasteur pipette and 

applying a slight vacuum to remove the phg from the medium. A 15 211 amount of 0.5% 

plain molten agar was used to seai the bottom of the weU. 



-411 the antimicrobial solutions were filter stedised (using a syringe and a 0.45pm 

membrane filter), placed in separate test tubes and vortex-mixed before each use. A 

50 pl aliquot of concentrated antimicrobial solution was applied to every well at 

intervals of 100 ppm. Subsequently, 45 pl of 0.5% molten agar was quickly poured on 

top. This was done to delay vapourisation of volatile antimicrobials £tom the medium. 

Once al1 the wells were charged with antimicrobiais, 1.5% molten agar was used as an 

overlay to fil1 the wells and provide an additional barrier to delay vapourisation of 

volatile antimicrobials, and it also served to create an anaerobic environment dunng 

testing. Table 1 1 outlines the experimentai design used in the well diffusion test. 

Another well diffusion method was used to see if usefil results could be obtained 

by modiqing the previous procedure. Each Petri dish contained 25 ml of 1.5% agar 

(Noble) instead of MRS agar. Wells were made as indicated above which included use of 

15p1 of 1.5% agar (Nobel) to seal the bottom of the wells. in each well, 0-1000 ppm at 

intervais of 100 ppm AIT (Table 1 1) was added immediateIy following a combination of 

47-WC MRS agar supplemented with 2.5% NaCl and 100 ppm NaNol and 24 h target 

bacteria (approximately 106 C F U ~ ' ) .  An overlay of 1.5% agar (Noble) was then used, 

again to serve as an extra layer to prevent AiT fiom escaping into the air, and to provide 

an anaerobic environment. 

The Petri dishes were then incubated at 25°C for 24-48 h, or up to 7 days at 8 O C .  

Results were recorded when obse~ations of clear inhibition zones were made around the 

wells (Barry, 1986; Zhang, 1998). This test was c - e d  out in triplkate. Media without 

microorganisms and antimicrobids served as negative controls, while positive controls 

contained the target organism without the antimicrobiaIs. 



Table 11. Concentrations of allyl isothiocyanate (AQ 
used in well diffusion tests with Lc. mesenteroides ssp. 
mesenteroides and Lb. sakei at 2% for 48 h or 8OC for 
7 days. 
Treatment Number AIT 

" negative wntrol, uninouhted MRS agar + 2.5% 
NaCi + 100 ppm NaW2 onty. 

postive wntrol, MRS agar + 2.5% NaCl + 100 ppm 
NaN02 inoculated with one of the target 
microorganisms. 

concentrations increased by 100 ppm. 



3.2.4.4.3. Disc Assav Test 

The disc assay test was performed according to Acar and Goldstein (1986) and 

Barry (1986). This test is similar to the agar spot and well difision tests where the zones 

of inhibition by antimicrobials are determined. This test was used to determine the MIC 

of the test antimicrobials against the target organisms. 

Basicaily, 25 ml MRS agar medium supplemented with 2S% NaCl and 100 ppm 

NaNOz was tempered to 45-47°C, inoculated with the target organism at 10' C F U - ~ T '  

and poured into Petri dishes. Altematively, the inoculum was appiied using a hockey 

stick or by the lawn method (Autoplatefi 4000) using pre-poured solidified MRS agar. 

Antimicrobiais were aiso incorporated directly into the medium mixture to detemine the 

range of sensitivity to be examined in subsequent tests. 

Paper antibiotic test discs (6.35 mm BBL) were placed on top of the medium 

surface using sterile tweezers. The discs were arranged at least 15 mm from each other 

and 6om the edge of the plate. This prevented the zones of inhibition fiom overlapping 

one another. 

All combinations of antimicrobials were prepared in test tubes and vortex-mixed 

before each use. Concentrations of a11 antimicrobials prepared in test tubes increased by 

intervais of 100 ppm. Table 12 outlines the antimicrobiais used for this test. Using a 

pipette, 30 pl of the concentrated antimicrobial agent was dispenseci on top of the disc. 

For every plate, one disc containing MRS broth plus NaCl and NaNûz served as a 

negative control. The Petri dishes were then overlaid using 0.5% (wlv) molten agar to 

delay release of volatile antimicrobials 6om the mixture and to provide an anaerobic 



Table 12, Antlmicrobials used alone, or ln combinqtlon to detetmine the minimum Inhiblov concentrations in disc assay tests with 
Lc. masentemldes ssp. mesenteroides and Lb. sakei at 25OC for 48 h or 8 ' ~  for 7 days. - 
Treatment Eugenol Disodlum Potassium ~ l t a ~  Alta Maten Lauricidirln AIT' EDTA' Phosphate Phytic 
Nurnber (ppm) pyrophosphate lactale 2341 (ppm) ( P P ~ )  ( P P ~ )  ( P P ~ )  0lass acid 

;!O O O O O O O O O O O 
:3 500-1 000' 4000' 30000' O 5000' O O O O O 
1 4  100-1 000" O O O O 250' O 4000' O O 
.5 100-1 0008 O O O O 500' O 4000' O O 
19 400-1 000' O O O O O O O O O 
'7 400-1 000' 4000' O O O O O O O O 
18 400-1 000' 4000' 30000' O O O O O O O 
'3 400-1 000' 4000' O 5000' O O O O O O 
1 O 400-1 000' 4000' 30000' 5000' O O O O O O 
II 400-1 000' 4000' 40000' O O O O O O O 
12 400-1 000" 4000' O 10000' O O O O O O 
13 400-1 000' 4000' 40000' 10000' O O O O O O 
14 O 4000' O O O 1 00-5500a O O O O 
15 O 4000' O 5000' O O IOO-5500a O O O 
16 O 4000' 30000' 5000' O O 100-5500" O O O 

a concantrations were tested at 100ppm intervals. 
h allyl isothiocyanate. 
disotllurn ethylenediamlnetelra~etate~ 

d negative control, uninoculated M R S  agar + 2.5% NaCl + 100 ppm NaNO2 only. 
positive control, M R S  agar + 2.5% NaCl + 100 ppm NaN02 inoculated with one of the large1 microorganlsms. 

' entin~icroblal lncorporated lnto MRS medium mixture, otherwlse lhey were appiied to d isa on the agar surface, 





environment. It should be noted that the antirnicrobiafs with one concentration (Table 

12) were incorporated into the MRS medium, and antimicrobials with concentration 

ranges were placed ont0 the paper discs. The Petri dishes were then dried for 15 min 

prior to incubation at 25°C for 24-48 h or incubateci at 8°C for up to 7 days. The tests 

were carried out in triplicate and the target organisms were checked for concentration, 

viability and purity by plating on MRS agar using the Autoplate* 4000. 

Results were recorded where the zone of inhibition or no growth was observed 

around the discs. Zones were measured to the nearest millimetre (mm) with a d e r  from 

the edge of the disc to the outerrnost rim of the zone which exhibited a homogeneous and 

uniform zone of no growth. Since the disc assay involves the-dimensional diffision, 

the size of the zones is dependent upon the cumulative rates of diffusion as well as 

inhibitor potency (Acar and Goldstein, 1986). 

It was found during this work that using dark field illumination enhanced the 

ability to see the zones more clearly. As well, 1% MES was used when disodium 

pyrophosphate, EDTA, or phosphate glass were incorporated into the MRS medium. 

After several attempts were made, adding a &op (5 pl) of 0.5% molten agar to the 

underside of the disc helped to prevent the disc fiom lifting and moving away when the 

overlay was applied. 



Table 13. Antimicrobial concentrations used afone, or in combination in determining minimum 
inhibitory concentration (MC) in microtitre plate assays with Le. mesenferodes ssp. 
mesenteroides and Lb. sakei at 2S0C or 8OC fw 7 days. 

Treatment LauricidinK Disodium Propyiene Alta ~ a t e ~  Patassium 

2b O O O O O 

3" O O 50-1 OOOe O O 

4" 50-1 OOOe O O O O 

5C 50-1 OOOe O O 5000 O 
6' 50-1 OOOe 4000 O O O 
7C 50-1 OOOe O O O 30000 
8"l 50-1 OOOe 4000 O 5000 O 

9* 50-lOOOe 4000 O 5000 30000 

a negative control, uninoculated MRS broth + 2.5% NaCl + 100 ppm NaPl02 onCy. 

positive control, MRS broth + 2.5% NaCl + 100 ppm NaN02 inoculated with one of the target 
rnicroorganisms. 
" these treatment numlms w e  p r m  with and without the target microorganisms. 

tests w r e  in~ubaterlat25~C ar B°C for 4 days only. 

concentrations increased by 50 pprn. 



3 J . 4  5 Growth Inhibition Test 

The growth inhibition test was adapted Eom Blaszyk and Holley (1998) and 

Ouattara et al. (1997). This test was used to determine the MIC of individual and 

combinations of antimicrobiai agents(s) against test organisms. 

The experiments were performed in 96-well (U-shaped bottom) microtitration 

plates. The MRS broth was supplemented with 2.5% NaCl and 100 ppm NaN02, as well 

as combinations of antimicrobials incorporated into the broth (Table 13). Ail the 

combinations were prepared in individuai test tubes and vortex-mixed before each use. 

When disodium pyrophosphate was incorporated into the broth, 1% MES was added as a 

buffering agent to maintain the pH at 6. 

Antimicrobial concentrations were prepared in separate test tubes containing 

MRS broth supplemented with 2.5% NaCl and 100 ppm NaN02, with concentrations 

increasing by 50 ppm. Aiiquots of 200 pl of inoculated and uninoculated broths, with the 

various concentrations of antimicrobials, were distributed into the wells using a calibrated 

pipetter. The inocuiated broths contained approximately 106 ~~LJ.rn1-l of the target 

organism. Positive and negative conuols consisted of MRS broth, NaCl and NaNO2 with 

or without the bacteriai strain and were dispensed at the last column of every microtitre 

plate. The experiments were prepared in ulplicate with each concentration filling 4 wells 

per plate. Using a multi-dispensing pipetter, minerai oil(50 pl) was used to cover each 

well, to provide an anaerobic environment and to prevent volatile antimicrobials fiom 

dissipating into the air. The plates were incubated at 25'C or 8 O C  for up to 7 days on a 

rotary shaker. The plates were read at a single wavelength of 655 nm every 24 h using a 

microplate reader. 



During the course of testing several antirnicrobials, it was found that LauicidinQ 

tended to form white crystals at the bonom of some weIls at 8OC within 24 h, indicating 

that it may have precipitated during the course of incubation. Therefore, a study was 

carried out to determine the concentration of LauricidinQ at which crystals formed. 

Different concentrations of LauricidinB (I00-500 ppm) were combined with MRS 

medium, poured into Petri dishes, ailowed to soIidi@ and then incubated at 8°C for 24 h. 

Crystals that were visually observeci were recorded. 

3.2.5. Meat Model Systems (in vivoj 

3.2.5.1. Produci Preparation 

Batches of fiesh, commercially prepared regular bologna and chopped ham were 

obtained in fiom Maple Leaf Meats Winnipeg,, the day of manufacture and quickly stored 

at - 40°C to be used later in the production of sausages. 

The day prior to making sausages, hog casings were rinsed in distilled water and 

then allowed to soak overnight at 4 T  to remove the salt. Both types of meat were 

thawed in a 4°C cooler overnight. The next day, the batters were divided into two equai 

lots. One lot became the untreated batter, while the other became the treated batter. 

There were two sIightly different approaches in making the bologna and ham 

sausages, because at the b e g i ~ i n g  phosphates incorporated into the chopped ham by the 

manufacturer were not taken into account, as weII the first meat trial failed to inhibit both 

target organisms beyond 5 weeks. Therefore, in the first meat triai, the inhibitor 

treatments containeci 0.4% disodium pyrophosphate, which was added to both the 



bologna and ham sauçages. in the second triai no disodium pyrophosphate was added to 

the ham. Table 14 illustrates the experimentai treatments used in both meat trials. 

in the first meat trial, the untreated sausages were commercial meat batters stuffed 

into hog casings with or without inhibitor additions to both types of batter. In the second 

meat îriai, 0.4% disodium pyrophosphate was added only to the untreated bologna 

emulsion because the h m  already contained 0.25-0.35% commercially added phosphates 

(a mixture of 80:20 dibasic sodium phosphate and hexametaphosphate). Again, the 

untreated uninoculated and inoculated sausages served as negative and positive controls, 

respectively. Figure 5 shows how the meat trials were set up, and Table 14 describes in 

detail concentration of each antimicrobiai used. 

It was found that the commercial ham batter contained c2.5 cm whole pieces of 

meat; therefore, it was chopped for -5 min into smailer pieces using a bench top food 

chopper. Once pieces were <OS cm, the antimicrobials were added slowly and mixed 

thoroughly within the batter for approximately 2 min. The bologna mixture, on the other 

han4 was mixed in a hobart mixer along with the antimicrobials for approximately 2 min 

because the bologna emulsion was stEer than the ham and couid not be properly mixed 

in the chopper. The temperature of the batters was monitored during this step to ensure 

that it did not increase beyond 1O0C, because actinomysin is affected (Cassens, 1994). As 

the temperature increases, the actinomysin breaks down and eventually the emulsion 

stability is aBected producing a "soupy" like batch of meat which does not "set" during 

cooking. 



Table 14. Final concentrations (% wlw) of combined agents used to 
extend the shelf-life of cooked cured vacuum-packaged bologna and ham 
stored at 8OC. 
Arients Experimental Treatments 

Triat 1 

Alta Mat& 
Eugenol 
Potassium lactate 
Disodium pyrophosphate 

Bologna Ham 
0.5 O. 5 0.5 O. 5 

Trial 2 
8ofogna Ham 

Alta Mat& 1 1 1 1 
Eugenol 1 1 1 1 
Potassium lactate 3 3 
Disodium pyrophosphate 0.4 0.4 



Untreated inhibitor-treated 

Uninoculated inoculated Uninoculated Inoculated 

Figure 5. The standard plan of al1 meat trials conducted. 



As shown in Table 14, there were two different combinations of inhibitor-treated 

bologna and ham sausages made in the meat triais. in the first meat trial a combination 

that consisted of 0.5% (wlw) Aita Mat& and 400 ppm (w/w) eugenol was incorporated 

into both types of meat batters. The second combination consisted of 0.5% (wlw) Aita 

Mat&, 350 ppm (w/w) eugenol, 3% (w/w) potassium lactate and 0.4% (wlw) disodium 

pyrophosphate. During the second meat triai, the concentrations of inhibitors in the 

combinations were increased. The first combination consisted of 1% (wlw) Alta M a t a  

and 1000 ppm (wlw) eugenol. The second combination consisted of 1% (wlw) Alta 

Mate@, 1000 ppm (wlw) eugenol and 3% (wlw) potassium lactate. Disodium 

pyrophosphate (0.4% w/w) was only added to the bologna mixtures. 

The Aita Mate@ and eugenol combination was dissolved in 50 ml of distilled 

water. This facilitated even distribution of the antimicrobids in the meat mixture. For 

the second combination, Alta M a t a ,  eugenol and disodium pyrophosphate (in the case 

of bologna) were added directly to 50 ml of potassium lactate without fbrther dilution. 

M e r  each batch of meat was prepared, it was stuffed into sausage casings using a 

hand-cranked sausage stuffer and cIipped at approximately 15-30 cm lengths with metal 

clip rings. The preparation and stuffing of the batters were carried out in a CC 

environment to improve handling and prevent fat smearing ont0 the casings. Each 

sausage was then vacuum-packaged in a separate Winpak DeIi #1 high-02 banier bag 

beFore cwking. This step reduced the probability that eugenol, which is volatile, would 

escape into the air during cooking. 

Once made and vacuum-packaged, the sausages underwent a three step cooking 

process in jacketed s t e m  kettles. This ensured that the interna1 region of each sausage 



was properly cooked to a temperature of 69°C without destabilising the ernulsion. The 

temperature intervals used were those used by Maple Leaf Meats in thek coolring 

processes (52.S°C, 63 .W and 75°C). Each interval was timed for a penod of 20 min. 

After cwking, the sausages were held in a 4°C cooler for 0.5 h before being stored at 

-20°C. 

3.2.1 3. Preparation for Mear Trials 

Bologna and ham sausages, both untreated and treated, were thawed overnight at 

4°C and then cut into thick slices or "coins" using a sterile knife and sterile cutting board. 

The meat coins measured 29-3 1 mm in diameter, 12-14 mm in thickness with a surface 

area of approximately 28.7 cm2. Each coin weighed 10 g * 1 g. Five coins were 

prepared for each time interval; three coins were used for microbial analysis and two 

coins were used for colour measurement. Some untreated and treated coins were 

inoculated with Lc. mesenteroides ssp. mesenteroides and Lb. sakei. Both organisms 

were grown anaerobically in MRS broth at 25°C for 48 h before 0.5 ml of each organism 

was mixed together in 1 L of O. 1% peptone water. This ensured a combined 

concentration of 10' CFU-ml-' in the peptone water and lo3 C F U - C ~ - ~  on the meat 

surface. After soaking for 30 s the inoculated coins were removed from the solution 

using sterile tweezers and allowed to dry on sterile filter paper for 15 min in a laminar 

airflow hood before being packaged. As mentioned before, five coins were placed 

separately in Winpak Deli #1 bags for each time penod, vacuum-packaged (at -0.9 atm.) 

and stored at 8°C for later sampling. The sampling was conducted once weekly for 9 

weeks, or until spoilage (approximately107-109 C F U - C ~ - ~ )  had occurred. 



3.2.5.3. Sampling Sausage Coins 

Every week, three coins were removed from 8°C storage and analysed. Each coin 

was aseptically removed fiom the vacuum-package and was massaged in a Stomacher 

bag along with 90 ml sterile O. 1% peptone water for a penod of approxirnately 2 min. 

This produced a 10" dilution. Dilutions of lu3 and 10" were then made using 9 ml 

sterile O. 1% peptone water. The three dilutions were plated on pre-poured media üsing 

the Autoplatefi 4000 and incubateci at proper temperatures and conditions. Sampiing for 

microbiological content was performed using five different types of media. They were: 

M5, APT, SPC, VRBG and STAA. The main isolation and incubation conditions noted 

in section 3.3.3. contains information on the incubation temperatures and conditions used 

for this work. 

After incubation, bacterial colonies on Petri dishes were counted using the 

CASBA@ 4 computer system. The microbiology analysis section (3.2.5.7.) describes in 

detail the plating and counting procedures used. The results fiorn the microbiology 

analysis were converted fiom CFU-mf' to C R I . C ~ - ~  of coin surface by dividing 

~ m l - '  by a factor of 0.3 1922. The latter number was obtained by dividing the average 

surface area of a coin (28.73 cm2) by the volume of the first dilution (90 ml). 

3 .1  5.4. Vist~aI and Odtnu Analysis 

Every week each treatment was visually observed for: increase in dnp loss, colour 

change and loss of vacuum. As weil, each bag was opened quickly and carehlly srnelied 

for offiidours before microbiai analysis was carried out. Visuai observations and odour 

detection were noted and recorded. 



3.2.j.j .  Colorrr Derennination 

Colour determinations were made to detect changes that might have occurred 

when antimicrobials were added to bologna and h a .  sausages. Two coins were analysed 

for colour using the Miniscan spectrocolourimeter, wtu'ch was standardised using a white 

tile (L = 92.2, a = -1.0, b = 0.1). Coins were placed between two rectangular pieces of 

plexi-glas plate (10.2 cm x 12.7 cm x 75.4 cm) placed on top of a white cutting board. 

Three hunterlab values were measured on each side of the coins. Therefore, four sets of 

three values were obtained per treatrnent every week. The three values rneasured were: 

"L", which designates the lightness of the sample where 100 represents white and zero 

represents black; "a", which indicates redness when positive or greenness when negative; 

and 'Y, which indicates yellowness when positive or blueness when negative (Miniscan 

spectrocolourimeter manual; Porneranz and Meloan, 1994). 

3 .256 .  Determination ofpH and A ,  

The pH represents the acidity, or hydrogen ion exponent of an aqueous solution, 

in this case the meat solution (McQuanîe and Rock, 1987; Trolter and Scott, 1992). The 

pH was used to monitor the growth of LAB due to their production of lactic acid which, 

at peak bacterial numbers, could decrease the pH of the meat. The pH was measured 

after each coin was sarnpled per treatment per week at the IO*' dilution only. Before the 

pH was measured, the pH rneter was standardiseci using 4,7 and 10 standardised pH 

solutions (Troller and Scott, 1992). 

Water activity analyses were performed according to Troller and Christian (1978). 

A Decagon a, machine was first standardiied using two sohtions: distilled water 



(ap=l.O) and saturated potassium sulphate (K2S04) (aw=0.97). Both solutions were 

prepared a day earlier at room temperature (approximately 25OC) prior to being poured 

into plastic cups (4 cm x 1 cm) to standardise the machine. Samples of uninoculated 

sausages at room temperature were cut to fit the plastic cup diameter (4 cm) and only fil1 

half the height (0.5 cm). The samples were then placed in the machine, and the a, and 

temperature were measured and recorded. 

3.2.5 7. Microbiai Analvsis 

Microbial analyses of the sausage coins were conducted according to the spiral- 

plater system mmual and after Manninen et al. (1991). This semi-automated method has 

been found to be equivalent to the standard pour plate procedure for quantifihg the 1eveI 

of microorganisms in samples (Swanson et al., 1992). 

Microbial analysis involved placing a dilution of the sampie being spiral-plated 

(Autoplatefi 4000 model) ont0 selective or differential agar pre-poured in Petri dishes. 

A Petri plate was placed on a tumtable of the machine and a stylus tube pulled 250 pl of 

the sample Eom a 5 ml plastic beaker cup and dispensed 50 pl ont0 the surface of the 

medium in an Archimedes spiral pattern. During this process, the stylus was driven fiom 

the inner to outer most regions of the plate. Consequently, the amount of sample 

decreased as the spiral moved out towards the edge of the Petri dish. Each coin was 

plateci in triphate by this method. 

Once the inoculated agar was dried (approximateIyI5 min), plates were invertai 

and incubated at the desireci temperature, time and atmosphere. See Table 1 for complete 



details. Figure 6 shows what the surface of the medium would look like after it was 

spiral-plated and incubated for a period of time. 

M e r  incubation, Petri dishes were either counted by hand using a specially 

designed pie-shaped grid that relates volume to area (Figure 7), or by using an electronic 

scanner bed where the data was wllected by the computerised image aanalysis system 

known as CASBA@ 4. Counting the plate by hand using a pie-shaped grid was used for 

spiral plates that had well separateci colonies in the outer spirals. Counting began at the 

outer segment (number 8 on the grid) in either quadrant A or B (see Figure 7) until at 

least 20 colonies were coumed. It was important to continue to count to the end of the 

final segment. Once one segment was counted, the same segment on the opposite side of 

the plate (in the sarne Ietter sector as the first count) was counted. The number of 

counted colonies fiom both sides (should equal at least 40 unless counting entire plate) 

was divided by the volume constant found for the last segment counted (given in the 

Spiral Biotech manuai) and multiplied by 1000 to produce a ~FUrnl- '  value. For 

example, if for a lo4 sarnple dilution the total counts in opposite segments 8,9 and 10 for 

a 100 mm plate were 28 and 32, respectively, the CFU-~I - '  was calculated as follows: 

(28+32)/5.500pi x 1 O00 x 104m1= 1 .O9 x 10' C F U ~ ~ ' .  

As mentioned previously, five selective and differentid media were used for the 

microbiological analyses (M5, APT, VRBG, STAA and SPC). 



Figure 6. Visible growth of microorganisms after incubation by the spiral- 
plate method using Autoplatefi 4000 model, 



TOOmm Spiral Counting Grgd 
(Model SCGI 70 1 ) 

Figure 7. Pie-shaped grid used to count the number of microorganisms on 
a Petri dish by hand (Spiral Biotech, Inc., 1993). 



3.2.6. Statistical Analysis 

Data were anaiysed using JMP IN Statistical Discovery Software (version 3.2.1 

for Windows). Water activity (b) and colour test data were analysed using Tukey- 

Kramer Honestly Significant Difference test where more than one sample mean was 

compared (Steel et al., 199%). The differences between means for microbiology analysis 

of sampled coins and preliminary tests were maiysed using the Tukey-Kramer Difference 

test and Student's t statistic test where wo separate independent means were compared. 

The latter test is more sensitive than the Tukey-Kramer Difference test (Steel et al., 1997a 

and 1997b). The two multiple range comparison tests were used because MP iN 

Statistical Discovery Software was unable to analyse the data using Duncan's Multiple 

Range test. Both tests were used because each represented extreme ends of multiple 

range comparison tests, Duncan's test being in the middle. Therefore, if both the Tukey- 

Krmer Difference test and Student's t statistic test showed the same results, one can 

conclude that Duncan's test wouId aiso have yielded the same result if it had been used. 



CHAPTER 4 

ResuIts and Discussion 

4.1. Microorganism Identification Tests 

4.1.1. Morphology Test 

Morphology was verified under the Zeiss phase contrast microscope to support 

the identification of strains used both in preliminary tests and meat trials. Leiicotio.~roc 

meset~teroides ssp. mesenteroides ceils were coccoid in shape, either in pairs or chains. 

These results are the same as described by Garvie (1986). Lacrubacillus sukei was 

identified as straight rods with rounded ends, but at times was observed as slightly curved 

in shape. The cells occurred singly or in short chains and results matched the description 

by Kandler and Weiss (1986). Cells of Lb. airvatirs occurred as bent rods with rounded 

ends. They were usually observed in pairs or short chains. Again, the characteristics 

were in agreement with the description by Kandler and Weiss (1986). 

The five unknown microorganisms that were isolated from violet red bile glucose 

(VRBG) agar plates during meat trials were observed to be rod shaped cells that occurred 

singly or in pairs. Further tests were performed to help identify the unknown strains. 

4.1.2. Gram Test by KOH 

Gram test by KOH confirmed that Lc, mesenteroides ssp. mesenteroides, Lb. 

sakei and Lb. czirvaîtis were Gram-positive bactena since al1 three mains resulted in 

watery suspensions when 3% potassium hydroxide (KOH) was applied, The results 

correlated well with the findings reported by Gregersen (1978). 



The unknown strains observed during the meat trials produced a viscous thread- 

Iike slime that foltowed the loop indicating that al1 were Gram-negative bacteria. 

4.1.3. Gram Stain Test 

For this work, Lc. meseriteroides ssp. mesenteroides, Lb. s a k i  and Lb. cwvatirs 

remained dark purple in colour, which were clearly seen under the microscope, indicating 

dl t hree strains were Gram-positive bacteria. 

The unknown strains found during the meat trials appeared pink in colour under 

the microscope, indicating the strains were Gram-negative bacteria. 

4.1.4. Catatase Test 

Catalase test was primarily used dunng the meat trials and tested on streptomycin 

ttiallous acetate actidione (STAA) medium. In general, only Brochorhrix rhermosphcra 

grow on this selective medium, however, it was found during this work that both Lc. 

mesenteroides ssp. mesenteroides and Lb. snkei also grew. When 3% hydrogen peroxide 

(FI&) was applied to the colonies on STAA medium, only B. thennosphacia displayed 

gas bubbles indicating a positive reaction. The two lactic acid bacteria (LAB) strains 

used were catalase negative (absence of gas). 

4.1 S. MotiIity Test 

Ail unknown strains isolated kom the meat triais showed no motility, indicating 

that the strains may not possess flagella. 



4.1.6. API 20 E Test 

The results of the five MI 30 E tests indicated that the unknown strains were not 

tiom the same species, genus or family. One test yielded a poor fit with known 

biochemistry profiles and the identification was regarded as unreliabte, therefore, the 

results were inconclusive. The reniaining unknown mains resulted in a poor 

identification of Klebsiellapnet~moniae ozaenae; a good identification of genus Panrora 

Ispecies not identified); an acceptable identification of genus Citrobacier (species not 

identified); and a poor identification of Escherichia vtilneris. 

It shouId be noted that the percentage of quantification ofeach unknown organism 

has been derived by the APT 20 E product testing and therefore, may not be equivalent to 

or reflect conventional percentages. As well, substrate variations exist that can account 

for percentage differences. For example, the urease test found on API 20 E is a Ferguson 

formulation which is less sensitive than Christensen's formuiation that is used wide1y in 

existing macrotechniques (BioMérieux Vitek, 1996). Therefore, words such as poor, 

good, and acceptabte identifications are used instead of recording percentage of similarity 

when comparing unknown organisms to known standard organisms. 

4.l.d.I. Srcmmary 

All four API 20 E ssips did not result in exceNent identifications; therefore, al1 

unknown sb-ains were not 10W conclusiveIy identified. As one result indicated, an 

unknown organisrn was identified as Panruea. This is a new genus that has been 

identified since the last Bergey's Manual of Systernatic Bacteria was published in 1984. 

Panzoea is a Gram-negative, noncapsulated, nonsporing straight rod that is motiIe, 



however, its motility was not seen in the motility test. It is aIso oxidase-neytive and 

unable to p w  at 44°C. It is found in plants, se& and in soil, water, and human 

specimens. This genus has ody two species known to date, which are P. agglomermis 

and P. dispersa. The former included Enferubacter agglomerm, Enuiliia herbicofu, and 

E rnilletiae at one time (Jay, 1997). 

The tests were not repeated due to time constraints. However, if the MI 20 E 

experiments were repeated for al1 of the five unknown organisms differences could have 

been explored. Of al1 the 20 microtubes containing dehydrated substrates, 9 carbohydrate 

microtubes did not match the API 20 E profile recognition system completely; therefore, 

this resulted in unreliable identifications of the unknown strains. Utilisation of the 

carbohydrates produces acid and lowers the pH within the microtube allowing the colour 

indicator to change from biue to yellow. In most cases, this change in colour was not 

apparent and a Iight lime green colour prevailed even afier another 48 h incubation. 

[t was dificult to determine the identity of the unknown strains using only a few 

identification tests. More specific tests, for example ID 32 E from bioMérieux hc., could 

be done in order to better determine the identity of the unknown strains; unfortunately, 

tirne did not ailow for this. 

4.2. Individual Resistance Tests 

42.1 - Inhibitory Factor Study 

4.2.1.2. Eugenol and Liquid Smoke Rlone 

The results showed that the highest concewations of liquid smoke (1000 ppm 

(vlv)) and eugenol(I000 ppm (viv)) aione (Table 2) at 25°C were unable to prevent the 



growth of bacteria in the test tubes after 48 h. Therefore, this indicates that the test 

concentrations used, the antimicrobials were ineffective at inhibiting growth of dl three 

LAB strains at room temperature. The results are shown in Tables 15-17. It is interesting 

that Blaszyk and Holley (1998), in their experiments using microtitre plates, found that 

1000 ppm (v/v) eugenol was able to prevent growth of Lc. mesenteroides at 18OC. 

Differences in incubation temperatures may have resulted in the different conclusions 

between Blaszyk and Holley (1998) experiment (at 18OC) and the present study (at 25°C); 

the present study being at a temperature in the optimal temperature range for these LAB 

to have favourabie growth. They also found that Lc. mesenteroides was more sensitive to 

eugenol than Lb, s k i  and Lb. Ctrvatzrs. In their experiments 10.4% (wlv) sodium 

citrate was used as a chelator, which mriy have helped the inhibitoq effect to occur. 

However, when eugenol was used for the current work without any other additions, it was 

found to be unable to inhibit ail three LAB strains. 

4.2.1.2. Errgenol, Liqtiid Smoke and Horserudish Oil Alone or in Combination 

Each antimicrobial(1000 ppm (v/v) eugenol, 1000 ppm (vh) iiquid smoke, 130 

ppm (v/v) horseradish oil) was tested against al1 three microorganisms at room 

temperature at different times up to 72 h (Table 3). It was found that at 24 h al1 three 

antimicrobials, individually, were able to reduce Lc. mesenteroides ssp. mesenteorides 

growth compared to that of the control. However, these particular antimicrobial 

concentrations were unable to inhibit the growth of Lc. mesenteroides ssp. 



Table 15. Effed of various concentrations of liquid smoke 
and eugenol on Le. mesentemides ssp. mesenteroides at 
25OC. 

TreatmentfiÏme (hours) O hours 48 h m  
Control* 4.00 9.33 
700 pprn liquid smoke 
800 pprn liquid smoke 
900 pprn liquid srnoke 
1000 pprn liquid smoke 
700 pprn eugenol 
800 pprn eugenol 
900 pprn eugenol 
1 O00 ppm eugenol 4.00 9.14 
' control consisteci of MRS bmth and target organisrn. 



Table 16. Effect of various concentrations of liquid 
smoke and eugenol on Lb. sakei at 25'~.  

Log&FUlml 

TreatmenViÏme (hours) O hou6 48hms 
Controlg 4.00 8 .T  
700 ppm liquid smoke 4.00 8.56 
800 ppm liquid smoke 4.00 8.64 
900 ppm liquid smoke 4.00 8.62 
1 O00 ppm liquid smoke 4.00 8.82 
700 ppm eugenol 4.00 8.64 
800 ppm eugenol 4.00 8.69 
900 ppm eugenol 4.00 8.58 
1 O00 ppm eugenol 4.00 8.83 

control wnsisted of MRS broth and target organism. 



Table 17. Effed of various concentrations of liquid 
smoke and eugenof on Lb. curvatus at 29C. 

700 ppm liquid smoke 4.00 9.62 
800 pprn liquid smoke 4.00 9.53 
900 ppm liquid smoke 4.00 9.55 
1 O00 ppm liquid smoke 4.00 9.51 
700 ppm eugenol 4.00 9.29 
800 ppm eugenol 4.00 9.28 
900 ppm eugenol 4.00 9.33 
1000 ppm eugenol 4.00 9.22 

control consisted of MRS bmth and target organism. 



growth compared to that of the control. However, these partinilar antimicrobial 

concentrations were unable to inhibit the growth of Le. ntesenteroides ssp. mesenreroides 

after 48 h. For both L.b sakei and Lb. C I ~ J Q ~ I L S ,  the antimicrobial concentrations had no 

effect. The results are s h o w  in Tables 18-20. Overall the antimicrobials, at the specific 

concentration used were unable to inhibit the three target microorganisms. 

50th eugenol and horseradish oiI (Table 4) were tested alone or in combination 

against Le. mesmeroides ssp. mesenteroides for 15 days at 8 O C .  The various 

concentrations of eugenol and horseradish oil used were unable to substantially inhibit 

the growth of this microorganism. Tables 2 1 and 22, and Figures 8 and 9 denote the 

results. However, the combination of 1000 pprn (vlv) eugenol and 100 pprn (vh)  

horseradish oil was able to slightly reduce the growth of Le. mesenteroides ssp. 

mesenteroides, but did not limit growth enough to have application in rneat systems 

(Figure 9). 

Liquid smoke (750 and 1000 pprn (vlv)) and horseradish oiI (60,80 and IO0 pprn 

(vlv)) combinations (Table 5) were able to delay the growth of Lc. mesentrroides ssp. 

mrserrieroides at 8OC during the 15 day testing period. However, growth was hampered 

only when liquid smoke was used at higher concentrations, 750 pprn (v/v) and 1000 pprn 

@IV) when combined with horseradish oil (Figures 10-12). It was also interesting that 

neither liquid smoke (1000 pprn (vlv)) or horsetadish oil(60,80 and 100 pprn (v/v)) 

alone were unable to reduce the growth of the target organism until the two 

antimicrobials were combined with one anothet (Figures 13 and 8, respectively). 

Therefore it c m  be conctuded that a combination of liquid smoke and horseradish oil are 

more effective against Lc. mesenteroides ssp. mesenreroides than when used separately. 



Table 18. Effect of 1000 ppm (vk) eugenol, 120 ppm (vk) horseradish oil and 1000 ppm (vk) liquid 
smoke on Lc. mesenteroides ssp. mesenteroides at 25'C. 

Lo~ioCFUlrnl 

TreatmeMme (hours) O 6 12 24 48 72 
Control* 3.22 3.96 4.1 5 8.42 9.00 7.78 
1000 ppm eugenol 3.35 4.03 5.03 5.99 9.10 7.82 
1000 ppm liquid smoke 3.29 4.01 5.10 5.81 9.27 7.42 
120 ppm horseradish oil 3.32 3.69 3.93 6.61 9.09 8.56 
' control ceinsisted of MRS bmth and target ofganism. 



Table 19. Effed of 1000 ppm (vh) eugenol, 120 ppm (viv) horseradish oil and 1000 ppm (VA) Iiquid 
smoke on Lb. sakei at 2S°C. 

1000 ppm eugenol 2.45 3.76 4.31 5.48 8.26 8.08 
1000 pprn liquid smoke 2.62 3.82 4.12 6.08 8.41 8.12 
120 ppm horseradish oil 2.46 2.97 3.36 5.42 8.26 7.60 
' control consisteci of MRS bmth and target organism. 



Table 20. Effect of 1000 pprn (viv) eugenol. 120 pprn (vh) horseradish oil and 1000 pprn (vh) liquid 
srnoke on Lb. curvatus at 25%. 

Treatmenüïime (hours) O 6 t 2  24 48 72 
Control* 3.46 4.91 4.14 3.12 9.21 9.46 
1000 ppm eugenol 3.41 4.94 4.41 6.76 8.89 9.14 
1000 ppm liquid smoke 3.51 4.69 4.12 5.15 8.94 9.17 
120 ppm horseradish oil 3.52 3.64 3.68 3.67 7.30 7.30 

control wnsisted of MRS broth and target organism. 



Table 21. Effed of 500 pprn (vk) eugenol and severai concentrations of horseradish oil on Lc. mesenteroides 
ssp. mesenteroides at 8%. 

LogloCFUlml 

TreatmerrVDay(s) O 0.5 1 2 7 12 15 
Control* 3.35 4.47 6.19 5.20 7.37 8.92 8.93 
500 pprn eugenol + 60 pprn horseradish oil 3.38 4.24 5.12 5.49 8.10 9.47 8.72 
500 pprn eugenol + 80 pprn horseradish oil 3.39 4.21 4.73 5.33 7.59 8.80 8.70 
500 pprn eugenol + 100 pprn horseradish oil 3.33 4.22 4.83 5.53 7-10 8.29 8.42 
*control consisted of MRS broth and target organism. 



Table 22. Effed of 750 pprn (vh) eugenol and sevefal concentrations of horseradish oil on Lc. mesenteroides 
ssp. mesentemides at 8'C. 

LogtoCFUlml 

Treatment/Day(s) O 0.5 1 2 7 12 t5 
Control* 3.52 4.47 6.19 5.20 7.37 8.92 8.93 
750 pprn eugenol + 60 pprn horseradish oil 3.54 4.30 5.41 5.48 8.11 8.82 8.65 
750 pprn eugenol + 80 pprn horseradish oil 3.48 4.24 5.07 5.50 7.44 8.64 8.65 
750 pprn eugenol + 100 pprn horseradish oil 3.46 4.16 5.13 5.46 7.18 8.54 8.67 
'contml consisted of MRS broth and target organisrn. 
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Flgure 8: Effect of various concentratlans of horseradish oll on Lc. 
mesenteroides ssp. mesenteroides at 8%. 
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Figure 10: Effect of 600 ppm ( y l v )  llquid smoke and various concentrations of 
horseradish oil on La. nlesenteroides ssp. mesenteroldes at 8OC. 
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Figure 11 : Effect of 750 ppm ( v h )  liquid smoke and variqua 
concentrations of horseradlsh oll on Lc. mesenteroides ssp. 

mesentemides at 8OC. 
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Flgure 12: Effect of I O Q O  ppm (vhi) Ilquid smoke aod vatious 
Concentrations of horseyqdtsh 011 on Lc. mesentproid& sgp, 
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Figure 13: Effect of 1000 ppm (vlv) liquid smoke on Lc. mesenteroides 
ssp. mesenteroldes at 8OC. 
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4.2.1.3. Combinations of E~igenoi, Liquid Smoke, Horseradish Oil. Lm~ticidimB> and 

Poiyphoqdmic Acid 

The combination of eugenol, horseradish oil(6O to 100 ppm (vlv)), 250 ppm 

(wlv) LauricidinGO and 4000 ppm (vlv) polyphosphoric acid (Table 6) retarded the growth 

ofLc. mesenteroides ssp. mesenteroides compared to the control, which contained only 

the target organisms and no antimicrobials (Table 23). The delay in growth probably was 

due to polyphosphoric acid, since it has a pH 4 . 8  1 at 25OC when combined with MRS 

broth. The growth of the organism was either halted or slowed down tremendously in the 

presence of the acid. Since polyphosphoric acid had an extreme effect on Lc. 

mesenteroides ssp. mesenteroides the other antimicrobials most likely had no effect on 

the growth and consequently the outwme of the results. Unfortuantely, the pH was not 

measured during this experiment. 

Combinations of liquid smoke and horseradish oil alone or in combination 

suppiemented with 250 ppm (wlv) LauricidinQ and 4000 ppm (vlv) polyphosphoric acid 

(Table 7) were able to inhibit the growth of Lc. mesenteroides ssp. mesenteroides. These 

results are clearly shown in Figures 14-17. However, 1000 ppm (vlv) liquid smoke alone 

or combined with 250 ppm (wlv) LauricidinQ and 0.4% (vlv) polyphosphoric acid was 

unable to inhibit growth (Figure 17). ui fact, this combination ailowed a steady increase 

in growth of bacteria. This suggests that liquid smoke, when combined with the other 

agents was not as effective as horseradish oil in preventing the growth of Lc. 

mesenteroides ssp. mesenreroides. 



Table 23, Effecî of various concentrations of eugenol, horseradish oil, 250 pprn (whr) ~auric idin~ and 0.4% (vhr) 
polypliosphoric acid on Lc, mesenteroldes ssp. mesenteroides at 8 ' ~ .  

Log,,CFUlml 

60 ppm horseradish oil 
80 ppm horseradlsh oil 
100 pgrn horseradish 011 
500 pgm eugenol + 60 pprn horçeradish 011 
500 ppm eugenol + 80 pprn horseradish oll 
500 pprn eugenol + 100 pprn horseradlsh oll 
750 pDrn eugenol + 80 pprn horseradish oit 
750 pgrn eugenol + 80 pprn horseradish oil 
750 pgrn eugenol + 100 pprn horseradish oll 
i O00 pprn eugenol 
1000 (ppm eugenol + 60 pprn horseradish oil 
1000 m m  eunenol + 80 ppm horssradlsh oll 
1000 g;im euienol+ 100 bprn horsaradiçh oll 0.00 1.87 1.43 3.00 5.67 3.60 
*conlrol consisted of MRS broth and target organlsm. 









Figure 17: Effect of 4000 ppm (vlv) llquld smoke and horserqdish oil 
supplamented wlth 0.4% (vlv) polyphosphoric acld and 250 ppm (wlv) 

l.auricidine on Lc. mesenteroldes ssp. mesenteroides at 8 ' ~ .  
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4.2.1.4, Latrncidin@, disodiz~m pyrophosphate, potawium lactate and Alta@ 2341 Alone 

or in Combination 

The use of Lauricidina, disodium pyrophosphate, potassium lactate an Alta0 

2341 alone or in combination supplemented with 2.5% (wiv) NaCl and 100 pprn (wlv) 

NaNûz (Table 8) failed to inhibt both Lc. mesenteroides ssp. mesenteroides and Lb. sakei 

during the 14 day test period (Figures 18-25). It should be noted that both NaCl and 

NaNûz were added only to mimic the conditions found in cured meats. 

The pH declined steadily with time pH -6.4 to 4 . 5 .  The increase numbers of 

both target organisms can explain this phenomenon. As the target organisms grew, they 

produced lactic acid as a by-product, which in turn decreased the pH of the broth. This 

decline in pH allows L A .  to become dominant because most other spoilage organisms 

can not survive acidic environments. 

4.2.1.5. Simmury 

The inhibitory factor tests showed that combinations of antimicrobials mixed with 

polyphosphonc acid and Lauricidina were able to inhibit the growth of Lc. 

mrse~tteroicicrs ssp. mesenteroides at 8°C (Table 23 and Figures 14-17). The inability of 

Lc. mesenteroides ssp. mesenteroides to grow probably resulted fiom the addition of 

polyphosphonc acid, which dropped the pH of the MRS broth fiom pH 6.5 to pH 4.8. 

A more highly buffered system may have prevented the decrease in pH. 

Liquid smoke (750 pprn and 1000 ppm (vlv)) plus horseradish oil(60-100 ppm 

(v/v)) effectively inhibiteci Lc. mesenteroides ssp. mesenteroides when combined 

(Figures 11 and 12), but were not successful aione in delaying the growth of the target 
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Figure 19: Effect of 250 ppm (wlv) l.aurlcidinR and 0.4% (wlv) dlsodlum 
pyrophosphate alone and in comblnation against Lb. sakeï at 8OC. 
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Figure 20: Effect of 500 ppm (wlv) ~auricldin~ and 0.4% (wlv) dlsodiurn 
pyrophosphate alone and in combination against Lc. mesenteroides ssp. 

mesenteroides at 8OC. 
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Figure 21; Effect of 500 ppm (wlv) ~auricldin~ and 0.4% (wlv) dlsodium 
pyrophosphate alone and in combination against Lb. sakei at 8OC. 
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Figure 22: Effect of 3% (vlv) potassium lactate on Lc. mesentemides ssp. 
mesentemides at 8OC. 
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Figure 24: Effect of 0.5% (wlv) ~ l t a ~  2341 on Lc. mesenteroides ssp. 
mesenteroldes at 8OC, 
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organism (Figure 13 and 8, respectively). The possible explanation for the inability of 

liquid smoke to inhibit the target organisms is that perhaps that there was not a high 

enough concentration of isoeugenol and eugenol in Aro-Smoke P-50 and when added to 

the MRS broth, it was further diluted beIow the inhibitory threshold (Romm and Maurer, 

1997). It should be noted that MRS was reconstituted using distilled water and because 

of their limited solubility the isoeugenol and eugenol (both being oils on their own) 

inhibitory effects may have been hrther reduced (Wendofl and Wee, 1997). Perhaps, 

liquid smoke would be more successfiil in delaying the growth of target 

microorganism(s) if applied to a meat model system. Eugenoi, alone or as a component 

ofliquid smoke, reacts with the cellular membrane ofthe target organism and impairs 

both the ce11 membrane's tùnction and integrity (Raccach, 1984). A possible explanation 

for the inhibitory action of eugenol is that it inactivates enzymes ancilor genetic function 

within the ceII (Branen et al., 1980). This may in part explain the inhibitory action of 

liquid smoke towards microorganisms but other phenolic inhibitors are also present in 

commercial liquid smoke preparations. Researchers such as Faith et ai. (1992) and 

Messina et al. (1988) have found success with liquid smoke in controlling microbiai 

growth of L monocyrogents in meat model systerns. However, neither authors studied 

the mode of action of liquid smoke in their test products. The mechanism(s) by which 

AIT inhibits microorganisms are not well known. To date, there is no evidence of a 

single site of attack by AIT and therefore it has been described as a nonspecific inhibitor 

(Delaquis and Mazza, 1995). The literature States that AIT is known to react with free 

amino groups and disulfide bonds of proteins, and that it inhibits specific carriers in the 

electron transport chain and acts as an uncoupler of olcidative phosphorylation (Delaquis 



and Sholberg, 1997). With this in mind, honeradish oil could retard the growth of a 

broad range of microorganisms. Although both horseradish oil (AIT) and liquid smoke 

were unable to inhibit the target organism aione, their effectiveness together was 

promising. With liquid smoke disrupting the celi membrane and inactivating enzymes, 

and horseradish oil reacting with a number of nonspecific sites the possibility of their 

success together outweighed their ability to inhibit the microorganism alone. The idea of 

using two or more antimicrobial components was proposed by Kabara (1993). He stated 

that multiple effects of several naturai antimicrobiai agents could create an undesirable 

environment for a broad spectrum of rnicrorganisms, and these combinations were termed 

"preservative systems". This may explain the effectiveness of the combined horseradish 

oil and liquid smoke towards Le. mesenteroides ssp. ntesenteroides in the liquid medium. 

Horseradish oil alone (Tables 18-20) was not effective against any of the three 

LAB strains. Ward et al. (1998) also found that Lb. sakei was only weakly inhibited by 

horseradish distillate at the highest concentration tested on agar surfaces (20 000 nWL 

air). There are several possibilities why horseradish oil was not effective. For instance, 

Ohta et ai. (1995a and 1995b) found that AIT was readily broken down in aqueous 

solutions especially at high water content. This decomposition is through nucleophilic 

attack by water on the isothiocyanate goup of AIT in aqueous solution. These 

researchers aiso stated that high temperature affects the AIT decomposition greatIy in 

aqueous solutions. This was seen in the present tests where incubation was conducted at 

room temperature. For example, Table 18-20 show at 120 ppm (vh), horseradish oil was 

unable to inhibit Lc. mesenteroides ssp. mesenteroides, Lb. sakei and Lb. curvahls at 

25°C. Several researchers have pointed out that AIT is more effective in the vapour 



phase than in solution (Ward et al., 1998; Isshiki et al., 1992). Therefore, use of an 

aqueous system in the present study may have reduced the antimicrobial effectiveness of 

AIT. 

In general, Gram-positive bacteria are more sensitive to spices and spice oils than 

Gram-negative bacteria, with the LAB being the most resistant among Gram-positives 

(Shelef, 1983). Zaika et ai. (1983) stated that the mechanisms by which spices and spice 

oils inhibit microorganisms are unclear. They suggested that chemically unrelated spices 

and spice oils may have different mechanisms of inhibitory activity. For example, the 

inhibitory mechanisms for thyrne, oregano, rosemary and sage may in fact be similar, 

because the resistance developed by some LAB to one spice was followed by resistance 

to the other three. In another paper by Zaika (1988), she stated that the active 

components of spice antimicrobials are generally only slightly soluble in aqueous 

systems, such as liquid bacterial growth medium. This may have been true in the case of 

inhibitory factor study test where eugenol, tested alone, (Tables 15-30) was unable to 

inhibit the target microorganisms. It was anticipated that the extent of inhibition by oils, 

such as eugenol might be due to the presence of phenolic OH groups. Farag et ai. (1989) 

stated that the OH group is quite reactive and can form hydrogen bonds with active sites 

of target enzymes. Other researchers have mentioned this theory as well. For instance, 

Raccach (1984) believed that the phenolic antioxidants react with the cellular membrane 

damaging both the fûnctional capability and structure of the microorganism. 

BIaszyk and Holley(1998) used microtitre plates and found that 100 and 250 ppm 

monolaurin (Laurïcidin@) was able to strongly inhibit Lc. mesenteroides, but was unable 

to deIay the growth of both Lb. sakei and Lb. airvafus at T C  and 18°C. Other 



researchers have also stated that monolaurin (Launcidina) has the ability to delay growth 

of spoilage and pathogenic bacteria that are associated with food (Razavi-Rohani and 

Grifiths, 1994; Oh and Marshall, 1993, 1994 and 1995; Wang and Johnson, 1992; Baker 

et ai., 1982). Unfortunately in the inhibitory factor study tests, 250 ppm and 500 ppm 

(w/v) Launcidina alone were not abte substantiaily to delay the growth of Lc. 

mesenteroides ssp. mesenteorides and Lb. sakei at 8°C over a 14 day testing period 

(Figures 19-22). However, when 500 pprn (wlv) Launcidina was combined with 0.4% 

(wlv) disodium pyrophosphate (Figure 21) Lc. mesenteroides ssp. mesenteroides was 

inhibited until day 10 of incubation at 8°C. This result is in agreement with Razavi- 

Rohani and Griffiths (1994) where they found that monolaurin showed antibacterial 

activity against a variety of bacteria when combined with a chelating agent and incubated 

at 37 or 25°C for 24 h using a spiral gradient end point test. Kabara (1984b) found that 

500 ppm Launcidina had dramatic inhibitory effets with anaerobic bacteria when 

combined with sorbic acid (3: 1 ratio, respectiveiy). Baker et al. (1982) aiso found that 

250 ppm Lauricidina combined with 0.2% chic  acid or 0.2% ascorbic acid had a more 

prounounced effect upon microbiai development and the time required to reach microbial 

spoilage was extended by 5-8 days depending on the meat product. They concluded that 

the addition of citric acid or ascorbic acid is essentid to obtain significant effects with 

Launcidina to extend shelf-life of meats. Oh and Marshall (1992) reported that the M C  

of monolaurin (10 and 3 pg/rnl) decreased when the pH was reduced fiom 7.0 to 5.0, 

respectively, against L. monocyrogenes. It seems that monolaurin is more effective when 

coupled with either a chelating agent, an organic acid or by decreasing the pH of the test 

medium. Kabara (1993) stated that the preservation systems involving monolaurin 



(LauricidinQ) are more effective when combined with a food-grade phenolic andor 

chelator than aione. However, this effect was not found in the present study when 

disodium pyrophosphate, horseradish oil and liquid smoke were combined with 

Lauricidina. Perhaps the phenolics and chelators used in the present tests were not 

adequate and that different food-grade phenolic andior chelators combined with 

Lauricidina would result in more promising inhibition. 

Disodium pyrophosphate aione had no effect on Lc. mesenteroides ssp. 

meseriteroides, and Lb. sakei (Figures 19-22). This is unfortunate since other researchers 

have found that this phosphate (0.4%) was able to delay development of toxicity by 

Clostridizm bonrlim~m in peptone-yeast extract-giucose broth (Wagner and Busta, 1983). 

However, when disodium pyrophosphate was combined with Lauricidina, it enhanced 

the ability of LauricidinGB to inhibit Lc. mesenteroides ssp. meser1teroides until day 10 at 

8°C (Figure 21). Disodium pyrophosphate is a linear chain potyphosphate, and has strong 

metal chelating properties, which can retard the growth of microorganisms (Hargreaves et 

ai., 1972). 

Potassium lactate (3% (vlv)) was found to be ineffective against both Lc. 

mesenteroides ssp. mesenteroides and L. sakri (Figures 23 and 24) at 8°C over a 14 day 

testing period, even though it has been found effective in various meat triais. For 

example, it was found that 2 and 3% potassium lactate reduced psychrotrophic 

populations in pork sausage chubs up to 35 days of storage at refiigeration temperature 

(Bradford et ai., 1993b). Aiso it was shown that 2% potassium lactate had inhibitory 

effects against L. monocyrogenes &er 50 days in pork Iiver sausage stored at 5°C 



(Weaver and Shelef, 1993). Perhaps a higher concentration of potassium lactate (>3%) in 

the inhibitory factor tests may have resulted in a better inhibitory outcome. 

4.2.2. Spiral Gradient Endpoint (SGE) Antimicrobial Susceptibility Test 

Many combinations of antimicrobials were tested against Lc. meseri~eroidcs ssp. 

mesenteroides and Lb. sakei using the SGE test (Table 9). The results indicated that 4000 

pprn disodium pyrophosphate, 4000 pprn phosphate glass, 5000 pprn Alta@ 2341.5000 

pprn Alta Mate@, and 30 000 pprn potassium lactate, individuaily, dong with eugenol 

(500-1000 ppm) were unable to inhibit successfully either organism at 25°C (Table 24). 

However, at SOC, 5000 pprn Aita Mat& and 4000 pprn disodium pyrophosphate plus 

eugenol(500-1000 pprn) were able to strongiy inhibit both target microorganisms (Table 

35). On average eugenol alone at 25OC was unable to delay the growth of Lc. 

mesenteroides ssp. mrsenteroi&s and Lb. sakei until levels of 778 and 825 ppm, 

respectively were reached. However, approximately 534 pprn eugenol was able to 

substantially inhibit Lc. mesenteroicies ssp. mesenteroides and approximately 753 pprn 

inhibited Lb. sakei, respectively, at 8°C. During the course of the SGE testing, it was 

found that when more than one antimicrobial was combined, the inhibition increased. At 

both incubation tempemures, the most successfùl combinations against the target 

organisms were found when three or more antimicrobials were used (Tables 24 and 25). 



Table 74. Interaction af several anlimlcrobials to cause rpduclior) in the minimum inhibftgry concentration of euqenol against La 
m8~8)ltemld8~ ssp, mesenteroldes and Lb. sakei al 25'4. 

AilsK 3341 ' AItg ~ ~ a t b "  Phosphate Disodium ' . potasdurn ' EDTA ' Lc. mesentemides' ' L. sikel Eugenol 
(5090 ppm) ($000 ppw) glass pyrophosphate lactete (SOQ ppm) ssp. mesenleroldes MAC' 

Average - ( 4 0 ~ 0  P P ~ )  (4000 PPW) . (30 OQQ ppm) ( P P ~ )  
>? X X X 51 4 
X X X X 624 
X X 816 
)( X 876 
)( x x x da00 
l( X X X 1000 

X 778 
X 825 

X X 838 
X X 781 

X 5Pb 
X 790 

X 62 1 
X 819 

X X 77 1 
X X 805 

x x 80 1 
X X 948 

X X 775 
X X 890 

a mlnlinum activity concentration or MIC (minimum inhibitory concentration), determlned with the SGE program. 
b antirnicroblal applled within the MRS medium suppleme~ted with 2.5% NaCl + 100 ppm NaNQ. 



Table 35. Interaction of sever4 antlmicrobials to cause rgduction in the minimum inhibitory concentration of eugenoi agaiqst 
Lc. mosenterddes ssp, mesentercildes and Lb. sakel at 8%. 

-2341 ' Altq Maten Phosphqte Disodlurn Potassium EDTA Lç. mesenteroides L. sskei Eugenol 
(5000 ppm) (SOOd ppm) g l a s  pyrophosphate lactate (500 ppm) ssp. meSOf?t8roideS MACB Average 

- (4000 ppm) (4000 ppm) (30 000 ppm) ( P P ~ )  nF x x x 453 

X X 716 
" mlniinum activity concentration or MIC (minimum inhibitory concentration), detemined with the SGE program. 
b anti~icrobial appiied within the MRS medium supplemented with 2.5% NaCl + 100 ppm NaN02. 



In this series of experiments, it was found that when eugenol was used in a 

gradient from 500-1000 pprn in MRS agar, 4000 pprn phosphate glass and 5000 pprn 

Aita@ 2341 were less effective than 4000 pprn disodium pyrophosphate and 5000 pprn 

Alta Mat&. When 500 pprn EDTA was combined with 5000 pprn Aita@ 2341 and 30 

000 pprn potassium lactate, in the same eugenol gradient, no inhibitory efféct was 

observed against Lc. mesenteroides ssp. mesenteroides and Lb. sakei at either incubation 

temperature (Tables 24 and 25). 

It was dificult to assess the inhibitory effect of Lauricidina on Lc. meseriteroides 

ssp. mesenieroides ami Lb. sakei, because of problems associated with applying 

LauricidinB as a gradient ont0 MRS medium. Lauricidina crystallised (thick white 

viscous Iiquid) either in the stylus of the Autoplater@ 4000 or within 5 minutes when 

applied as a gradient on the medium. Therefore, questions arose as to whether proper 

concentrations were deposited evenly or whether Lauricidina was able to diffise into the 

MRS medium. It was concluded that a target range of 100-5500 pprn Launcidina could 

not be used with the Autoplate& 4000 under these conditions, and that another type of 

test(s) would have to be used to determine the effectiveness of Launcidina against both 

organisms. It is interesting to point out that Razavi-Rohani and Griffiths (1994) did not 

describe any problems with monolaurin in their experiments using the spiral-plater. Two 

reasons may explain this: 1) they used ethanol (unspecified amount) to dissolve 

monolaurin compared to propylene glycol (1% in total volume) which was used for this 

work, suggesting that perhaps propylene glycol afEected monolaurin solubility; and 2) the 

stock concentration of monolaurin used in Razavi-Rohani and Griffiths experiments rnay 

not have been as high as used in this work 



It should be noted that d e r  each incubation period, the plates were examined for 

eugenol odour. Each plate was opened and smelled quickly to determine if any traces of 

eugenol could be detected. No obvious odours were detected in Petri dishes containing 

spiral-plated eugenol with an agar overlay. Therefore, it was assumed that the eugenol 

did not volatilise into the air and cause alterations in the desired test concentrations. 

Some of the data generated through these experiments were used to choose 

combinations of inhibitors that had the most potential for suppressing the growth of both 

Lc. mese~iteroides ssp. mesenteroides and Lb. sakei in meat trials. The two most 

promising combinations of agents were 5000 pprn (wlv) Alta Mat&, 400 pprn (vlv) 

eugenol, 4000 pprn (wlv) disodiurn pyrophosphate; and 5000 pprn (wlv) Alta Mat&, 

30 000 pprn (vlv) potassium lactate, 350 pprn (vh) eugenol, 4000 pprn (wlv) disodium 

pyrophosphate. 

4.2.3. Agar and Antimicrobial Diffision Tests 

4.2.3.1. Agar Spot Test 

The agar spot tests (Table 10) yielded no inhibition of either Lc. mesenteroides 

ssp. mesenteroides and Lb. saki by the antimicrobials tested. Several attempts were 

made to decrease the concentration of agar in the medium, fkom 1.5% to OS%, in order to 

ailow the molecules of the antimicrobiai to difise through the matrix of the medium 

more easily. If the matrix of the medium is 'tight', this may prevent any inhibition fiom 

occurring, because the molecules of the antirnicrobial are unable to reach and delay the 

growth of the organism. 



Since eugenol is somewhat volatile, 1.5% agar was mixed with this agent before 

its application to the pre-poured agar surface in order to minimise this effect. However, 

this procedure still did not improve inhibition of target organisms. It was dificult at 

times to determine if any real inhibition had occmed, because the agar-antimicrobial 

concentrations lefi a spot where the antimicrobial was applied and the spots were of the 

same size throughout the test concentration range. Therefore, this indicated that it was 

probably due to the agar hardening d e r  being applied to the inoculated surface. 

The problems associated with some of the antimicrobial agents can be found in 

the inhibitory factor study summary (section 4.2.1.5.) or below. In this study, EDTA was 

ineffective against both target organisms. Perhaps this was because its antimicrobial 

activity was not as effective against Grampositive bactena compared to Gram-negative 

bacteria. The pnmary role of EDTA in this application was to combine with the cation 

bridge@) that hold the Iipopolysaccharide to the peptidoglycan layer in Gram-negative 

bacteria. Once the metal bridge is rernoved, the lipopolysaccharide layer is stripped off 

making Gram-negative bacteria more vulnerable to peptidoglycan disrupting agents. 

Since Gram-positive bacteria do not possess this outer membrane layer, the potential role 

of EDTA as an antimicrobial may not be important. 

Since EDTA is a chelator, it was used in these experiments as a substitute for 

disodium pyrophosphate. Gill(2000) reported that EDTA was able to inhibit both Gram- 

positive and negative organisms tested in his expenments with microtitre plates. 

Therefore, it was beiieved that EDTA might be more inhi'bitory towards the target 

organisms than disodium pyrophosphate. 



Sodium tripolyphosphate was also unable to inhibit the gowth of both Lc. 

mesenteroides ssp. meserrteroides and Lb. sakei According to the Merek Index (1976), it 

is used: in water sofiening, as a peptising agent, as an emulsifier and dispersing agent, 

and to preserve meat. However, other literature States that sodium tripolyphosphate has 

antimicrobial activity which is due to its ability to chelate cations essential for bacteria to 

grow (Shelef and Seiter, 1993). With this in mind, sodium tripolyphosphate was tested as 

a replacement for disodium pyrophosphate. 

4.2.3.2. Well Difilsian Test 

The well diffision test (Table Il) using aIIyl isothiocyanate (AIT) was not 

successfiil in determining the MICs for Lc. meseri~eroides ssp. mese~iteroides and Lb. 

saki. There were no inhibitory zones created fiom different concentrations of AIT in the 

wells at both 8OC and 25°C. Therefore, it was concluded that AIT, at the 500-1000 ppm 

range, was not sufficient to inhibit both target organkms at these incubation 

temperatures. Possible explanations for MT faiIing to inhibit the target organisms were 

presented in the inhibitory factor study summary (section 4.2.1 S.). 

Another expenment was conducted where the target microorganisrns were 

incorporated directly into the AIT test solutions befow being placed into wells. During 

the course of the incubation period, each well became just as cloudy as the control. This 

indicated that both Lc. mesenteroides ssp. memeroides and Lb. sakei were able to grow 

even at the highest concentration of AIT (1000 ppm) applied within the well. 



4.2.3.3. D i x  Assay Test 

The disc assay tests (Table 12) failed to provide any help to determine which 

antimicrobial(s) alone or in combinations wouid delay the growth of both Le. 

mesenteroides ssp. mesenteroides and Lb. sakei. It was unfortunate that the disc assay 

tests did not provide any usefiil information since this test was carried out to confinn 

some of the findings found in the SGE tests. 

Severat alterations to the tests were performed with no success. For example, 

when eugenoi was applied to the disc, a drop of molten agar was applied as well. This 

helped to prevent ihe volatile eugenol fkom escaping into the air causing a lower 

concentration on the paper disc. Another attempt made was to combine the molten agar 

with eugenoi before application ont0 the paper disc. The last alternative was to dip the 

disc into the concentrated eugenol solution before placing the paper disc onto the 

medium, followed by an overlay of agar. None of these changes proved to be successful 

in attempting to determine the MIC of test antimicrobials. 

Several additional problems arose during the disc assay tests. One such problem 

occurred when several discs tended to lifi up and move when the agar was applied as an 

overlay. This caused results to be inaccurate, because once moved, the disc loses initial 

contact with the agar and the diffusion process is intempted (Acar and Goldstein, 1986). 

Therefore, to solve this problem, a drop of agar was placed on top of or slightly off to one 

side of the disc d e r  the antimicrobial was applied. This additionai drop of a g a  helped 

the dise to adhere to the medium. However, another problem resulted from this 

technique. There were consistent zones of approximately the sarne size around each disc 

caused by the &op ofagar. This happened even when the antimicrobial concentrations 



had changed fiom disc to disc. Therefore, this method was not helpful in determining the 

MIC of antimicrobials tested. 

It was disappointhg that Aita@ 2341 and Aita Mate@ were unable to delay the 

growth of both target organisms. There had been some success with Aita@ 2341 in 

extending shelf-life of cooked chicken and turkey breasts (Rozum and Maurer, 1997; 

Schlyter et ai., 1993, respectively). Rozum and Maurer (1997) reported that 0.75% and 

1% Aita@ 2341 provided greater inhibition of aerobic bacteria compared to lower 

concentrations (0.25 and 0.5%) or the control (untreated) in chicken breasts held at 

refiigerated temperatures, even after 5 weeks of storage. Schlyter et al. (1993) found that 

0.5-0.75% Alta@ 2341 combined with 0.5% diacetate in turkey breast slurries had an 

anti-listerial effect afler 7 days at 25°C. However, in this study, Aita@ 2341 failed to 

inhibit a cocktail of Lc. mesenteroides ssp. mesenteroides and Lb. sakei in both bologna 

and ham sausage sarnples. Since Aita Mate@ is a bacteriocin product, similar to Aita@ 

234 1, expectations were that it should have showed some success. 

Other possible explanations for the failure of the antimicrobials tested can be 

found in inhibitoty factor study summary (section 4.2.1 S.) and agar spot test discussion 

(section 4.2.3.1 .). 

42.3.4. Summary 

There are other possible reasons why the agar spot, well diffusion and disc assay 

tests were unsuccesstiil. Zaika (1988) pointed out thai the effect of antimicrobial activity 

of spices against microorganisms depends on a number of issues. For instance, she 

suggested that the sensitivity to a partiwIar antimicrobiai agent rnight be dependent upon 



the strain of microorganisms used. This is true since Gram-positive strains are more 

sensitive than Gram-negative strains, and LAB are the most resistant of al1 Gram-positive 

bacteria During a previous experiment involving meat fermentation, she noted that there 

were increased amounts of acid produced by LAB in the presence of spices, and that the 

effect increased with increasing spice concentrations (Zaika et al. 1978). She later 

discovered that the stimulatory factor of spices found in solvent-insoluble, acid-soluble 

fiactions was manganese, which is an element that is essential to LAB for growqh and 

subsequently production of lactic acid (Zaika and Kissinger, 1984). Therefore, some 

spices can serve as &strates for microbial growth andior biochemical activities of 

microorganisms instead of inhibiting them. For the well diffusion and agar spot tests, a 

chelator such as EDTA should have been incorporated with the antimicrobial agent(s) to 

chetate ions used for growth by the bacteria tested. However, when chelators were mixed 

with antimicrobial agents in the disc assay tests the combinations still failed to inhibit 

both Lc. mese)lteroides ssp. mesenteroides and Lb. sakei at 25°C and 8°C for 48 h and 7 

days, respectively. Barry (1986) has mentioned some problems associated with the disc 

assay test, which are described below. Zaika (1 988) has also pointed out that during 

incubation, loss of the inhibitory substance through evaporation may occur; therefore, 

allowing growth to take place. This may have happened to some extent when AIT was 

tested using the well diffusion test and eugenoI with the agar spot test, but agar overiays 

were used to reduce volatiiisation. 

A problem that can occur when using disc assay tests is that the inhibitory effect 

ofthe essential oil can be dependent on ds abiiity to diffuse through the agar medium 

(Zaika, 1988; Kabara, 1984; Davidson and Parish, 1989). It has  been suggested that the 



disc assay test should not be used alone in screening for antimicrobial activity since it 

provides fdse information for lipophilic ods, such as Lauricidina. The inhibitory 

activity is limited by the ability of the antimicrobial to move fiom the disc and 

subsequently delay growth of the target organisms (Kabara, 1984). 

In an interesting proposal made by Barry (1 986), it was suggested that when the 

antimicrobial agent is applied to the disc, the concentration of the antimicrobial should be 

50 times the volume capacity of the disc. Meaning that when a hown volume of an 

antimicrobiai agent is delivered to each disk, resulting disk potency is a fùnction of the 

retained volume as well as concentration of the antimicrobial agent used to load the disk. 

Thus, if normal disc capacity were 20pI, the starting concentration of the antimicrobial 

agent should be at least LOO0 ppm, This could have been taken into acwunt, but the 

upper limit of antimicrobial concentrations was oflen limited by sensory considerations. 

Barry (1986) also pointed out that the concentration ofboth the agar and the various ions 

within the medium should be taken into acwunt, and suggested testing the antimicrobids 

on several different types of media to detemine whether differences in zones of 

inhibition occur. 

In al1 three tests, the MRS medium may have pIayed a role in preventing the 

antimicrobial agents from affecting the target organisms. The MRS medium contains 

cations, such as magnesium, which are fiee to ionise and may not have been tùlly bound 

by added polyphosphates or other complexes. These fiee cations within the medium c m  

affect the activity of the antimicrobiai agent (Barry, 1986). 



4.2.4. Growth Inhibition Test 

The growth inhibition test was canied out using antimicrobials alone or in 

combination against both Lc. mesenteroides ssp. mesenteroides and Lb. sakei (Table 13). 

During each set of tests, both organisms were spiral-plated to determine their C F U ~ '  

within 48 h at 25°C. in al1 cases, both target organisms grew to 108 CFU-ml-', indicating 

that both organisms were viable (data not presented). 

Hall and Maurer (1986) found that propylene glycol inhibited C, botditmm at a 

concentration of 14.3% or greater. Propylene glycol was therefore tested to see if it was 

inhibitory against Lc. mesenteroides ssp. mesenteroides and Lb. saki since propylene 

glycol was used to dissolve LauricidinB in this work. The results indicated that over a 

range of 50-1000 ppm, propylene glycol had no effect on the growth of both target 

organisms at 8°C and 2S°C, because there was visual growth seen in each weli after 48 h 

at 8°C and after 12 h at 25°C (data not presented). Growth continued despite increased 

concentrations of propylene glycol. These results are in agreement with those of Wang 

and Johnson (1997) where O. 1°/o propylene glycol was not inhibitory against L. 

monocytogenes. Tkey also found that when 0.1 to 0.2% propylene glycol was combined 

with 50 pg/g monolaurin, the combination had an inhibitory effect on L. monocytogenes 

at 37°C for 6 days. 

in Our tests, Lauricidin@ alone allowed an increase in growth until the 4' day (96 

h) of incubation at 25"C, which was followed by a steady decrease in absorbance values 

of the test media by both target organisms (data not presented). At g°C, there was visua! 

growth of both organisms after the $ day of incubation (data not presented). Kabara 

(1984) stated that LauricidinB generalIy is more active at higher ratfier than Iower 



temperatures (exact temperatures not specified), howwer, this was not seen in this 

experimental triai. This rnay indicate that the test did not work properly. However, 

Wang and Johnson (1992) found that 10-20pg/ml monolaurin inactivated L. 

monocytogenes in skim milk at 4"C, but was Iess inhibitory at 23°C. The inability for 

Lauricidina to delay the growth of both Lc. mesenreroides ssp. mesenreroides and Lb. 

sakei in the present study is also comparative with results obtained by Oh and Marshall 

(1992). They also found that 1% stock solution of monolaurin was unable to inhibit four 

strains of L monocytogeries at 35°C for 24 h. However, they did discover that by 

lowering the pH of the test broth from pH 7.0 to 5.0, monolaurin showed inhibitory 

effects against the target strains. They reconfirmed this data in a report (Oh and 

Marshall, 1993) where 5-9 pgh l  rnonolaurin in tryptic soy broth with yeast extract, 

adjusted to pH 5.0,5.5, or 7.0, was inoculated with L. monocytogenes and found 

increased inhibitory effects with a decrease in pH. Perhaps lowering the pH of the broth 

in the present study may have helped to delay the growth of Lc. mesenteroides ssp. 

mesenteroides and Lb. sakei. 

Lauricidina combined with Alta Mat& at 8°C resulted in a continuous increase 

in absorbance of Lc. mesenteroides ssp. mesenteroides ttiroughout the test period, 

whereas, Lb. sakei increased in growth to day 5 and then began to decrease in absorbance 

values as the test penod wntinued (data not presented). However, visual growth at 8°C 

was seen oniy at the last day of testing (day 7) (data not presented). At 25"C, there was 

visual growth seen in al1 wells d e r  24 h, and after 48 h a white pellet (or thick white 

viscous liquid) was also clearly seen at the bottom of each well. These white pellets were 

seen only in uninoculated plates of buricidin@ plus Alta Mate@ after 48 h of incubation 



at 25°C. These white pellets were not similar to the growîh found previously in 

inoculated plates. It was suggested that pertiaps Lauricidin@, in the presence of Alta 

Mat&, precipitated out of the broth solution. 

Lauricidina plus disodium pyrophosphate at 80C yielded an increase in 

absorbance values of both target orgaMsms until the 4' day, which was followed by a 

decrease in absorbance values. At PC, there was no visual growth or cloudiness seen 

throughout the test period indicating that perhaps the growth was small and not as turbid 

compared to other combinations, and that it was pmbably due to the disodium 

pyrophosphate (data not presented). This combination was unable to prevent the growth 

of both Lc. mesenteroilies ssp. meserireroides and Lb. sakei at 2S°C. At 3S°C, there was 

visible growth after 12 h of incubation even though there was a steady decrease in 

absorbance values of both organisms (data not presented). This visual growth was 

probably a mixture of viable stationary phase and dead ceiIs, making the broth within the 

well appear to be cloudy. The failure of LauncidinQ3 combined with disodium 

pyrophosphate (a chelator) is discouraging since Razavi-Rohani and GriEths (1994), and 

Blaszyk and Holley (1998) both found that Lauricidina combined with chelators was 

able to inhibit a range of microorganisms at 25 and 37T, and 7 and 18"C, respectively. 

ï h e  combination of Lauricidin@ and potassium lactate resulted in a decrease in 

absorbance values for both organisms at 35°C (data not presented). At 8OC, there were 

continuous increases in absorbance values of both Lc. mesenteroides ssp. mesenteroides 

and L6, sakei during the test period, indicating that this combination did not delay the 

growth of both organisms (data not presented). 



The combination of LauncidinQ plus Aita Mat& plus disodium pyrophosphate 

resuited in increased absorbance values of both Lc. mesenteruides ssp. mesenteroides and 

Lb. sakei at 8°C (data not presented). This was not seen at 25"C, where there was a 

continuous decline in absorbance values of both target organisms (data not presented). 

However, there was visible growth within 24 h of inoculation by both target organisms at 

8°C and 25°C. Again, there were white pellets (or thick white viscous liquid) also visible 

at 25°C only, suggesting that at this temperature, Launcidina and Alta Mat& probably 

precipitated. This happened in the presence and absence of disodium pyrophosphate at 

25°C. There appears to be an interaction between Lauricidina and Alta Mat& that is 

wonh investigating. 

Data fiom the combination of LaurlcidinGD plus Aita Mate@ plus disodium 

pyrophosphate plus potassium lactate were similar to the above results. Both organisms 

yielded increased absorbance values at 8"C, but at 25°C the absorbance values decreased 

(data not presented). There was visible growth within 24 h of inoculâtion at both 

incubation temperatures. Again, white pellets (or thick white viscous liquid) were found 

at 25°C only. 

In surnrnary, it seems that LauricidinQ3 aione or in combination was not successfiI 

in delaying the growth of either Lc. mesenteroides ssp. mesenteroides or Lb. mkei at 8°C. 

Also, Lauricidinû3 and Aita Mat& may not be usefit1 at 25"C, since they interacted to 

fom a white insoluble materiai at the bottom of the microtitre plates. This indicated that 

perhaps either or both antirnicrobiais precipitated out of soIution, or that there was a 

chernical reaction taking place when the two antîmicrobials were combined. 



A study was carried out, at both incubation temperatures. to determine what 

concentration of Lauicidin@ (50-1000 ppm) caused white pellets to form in the presence 

of 0.5% Aita Mate@. At g°C, results indicated that crystai-like shapes (similar to snow 

flake appearance) were formed at 250 pprn Launcidina or higher but not at 50, 100, 150 

and 200 pprn (data not presented). At X°C,  no crystal-like shapes or pellets were formed 

at al1 (data not presented). It can be concluded that at 8 O C ,  LauricidinB precipitates out 

of the medium at 2250 pprn and may affect its ability to inhibit the target organisms. 

Therefore, 200 pprn LauricidinB or less should be used under these conditions. At 25"C, 

it was found that L&cidin@ up to 1000 pprn did not precipitate, but when this 

antimicrobial was combined with 0.5% Aita Mat&, precipitation occurred. 

4.3. Cooked Cured Meat Tests 

4.3.1. Visuai and Odour Analyses 

4.3.1.1. VisuaI Anaiysis 

Visual characteristics were naed of untreated and treated bologna and harn coins 

from al1 treatments. Untreated and treated bologna coins were pink in colour, and the 

emulsion was very homogenous. Untreated ham coins appeared to be light pink in colour 

with chunks of meat slightiy darker reddish colour, which was typical of commercial 

products. Treated h m  coins were aiso light pi& in colour, but there were no visible 

chunks of meat present. The treaîed ham emulsion was very homogenous in colour, 

similar to untreated and treated bologna emulsions. This was probably due to the ham 

emulsion being chopped and mixed with the antimicrobials pnor to being stuffed into 

casings, aithough there may have been some loss in colour of meat pieces which had been 



reduced in size. Al1 treated harn samples had the same appearance, therefore. it was 

diEcuIt to determine whether an antimicrobial or the extra mechanical treatment had 

changed the treated ham emulsions. 

M e n  both bologna and ham coins were vacuum-packaged in low-02 permeable 

bags, there was very little liquid surrounding the coins. This was taken to indicate that 

the protein binding ability of the rneat tissue was largely unaffected by the chemical and 

thermal treatments used to prepare samples for inoculation. 

43.1.2. Odow Analysis 

Odour was exarnined immediately d e r  each bag was opened for al1 bologna and 

harn treatments throughout the testing period. Appendices 5-8 display the results for al1 

untreated, treated, uninoculated and inoculated samples. A sour odour, loss of vacuum, 

or a combination of both tended to become noticeable amund the 3d week of storage. 

This usually happened with inoculated untreated and -treated bologna and ham coins. 

The development of off odour was due to growth of inoculated microflora in these 

treatments. Uninoculated untreated and -treated boIogna and ham coins tended to be kee 

fiom undesirable odour and loss of vacuum until the last week of testing. There was one 

exception to this observation. The treatment consisting of 500 ppm (wlw) Alta Mat& 

plus 350 ppm (wlw) eugenol plus 0.4% (wIw) disodium pyrophosphate plus 3% (wlw) 

potassium lactate at week 5 had lost its vacuum. This was probably due to the 

application of a poor heat seaI at vacuum-packaging since this problem did not occur with 

parailel samples analysed the following week. 



4.3.2. Colour Determination 

Results from combinations consisting of 0.5% (wlw) Alta Mat& plus 350 or 400 

ppm (wlw) eugenol plus 0.4% (wlw) disodium pyrophosphate plus 3% (wlw) potassium 

lactate are presented in Tables 26-29. ResuIts from combinations consisting of 1% (wlw) 

Alta Mat& plus 1000 ppm (wlw) eugenol plus 0.4% (w/w) disodium pyrophosphate 

with and without 3% (wlw) potassium lactate are found in Tables 30-33. 

Uninoculated untreated bologna was significantly lighter (increased '2" values) 

than uninoculated bologna treated with 0.5% (wlw) Aita Mat& plus 400 ppm (wlw) 

eugenol plus 0.4% (wlw) disodium pyrophosphate (Table 26). However, this was not 

found in inoculated untreated and treated bologna samples. Uninoculated ham samples 

treated with 0.5% (wlw) AIta Mat& plus 400 ppm (wlw) eugenol plus 0.4% (wlw) 

disodium pyrophosphate (Table 27) had significantiy increased '2" values and decreased 

"a" (redness) values compared with uninocuiated untreated ham. Also, it was found that 

there were significant increases in '2" vdues for inoculated treated ham samples 

compared to samples that were inoculated and untreated. 

Uninoculated h m  samples treated with 0.5% (wlw) AIta Mat& plus 350 ppm 

(wlw) eugenol plus 0.4% (wlw) disodium pyrophosphate plus 3% (w/w) potassium 

lactate were lighter and more bleached (decreased "a" d u e s )  compared to uninoculated 

untreated ham sampIes (Table 28). During the sarne testing period, inoculated treated 

ham samples were aiso significantly Iighter in coIour than the untreated inoculated ham 

samples. However, uninoculated and inoculated, untreaîed and treated bologna samples 

of the same combination were not found to be significantiy different in ail three hunterlab 

measurements (Table 29). 



As antimicrobial agents increased, it was found that untreated uninoculated and 

inoculated boiogna samples were sigruficantly increased in "IIb" (yellowness) d u e s  

compared to uninoculated and inocuIated bologna treated with 1% (w/w) Alta Mat& 

plus 1000 ppm (wiw) eugenol plus 0.4% (wiw) disodium pyrophosphate (Table 30). It 

was also interesting to find that ueated uninoculated and inoculated boIogna samples had 

significady higher "a" (redness) values compared to untreated uninoculated and 

inoculated samples. For ham treated with 1% (wlw) AIta M a t a  plus 1000 ppm (wlw) 

eugenol, the uninoculated and inocuIated samples were significantly lighter and were 

more red in colour compared to untreated uninoculated and inoculated ham samples 

(Table 3 1). 

Uninoculated boiogna formulated with 1% (w/w) Alta Mate@ plus 1000 ppm 

(wlw) eugeno1 plus 0.4% (w/w) disodium pyrophosphate plus 3% (w/w) potassium 

lactate had significant increased "a" values, and significant decreased '2" and '%" values 

compared to untreated uninoculated bologna samples (Table 32). Inocuiated untreated 

bologna samples were only significantiy different in '0" values when compared to 

inoculated treated boiogna. It was interesting to find that uninoculated and inoculated 

ham formulated with 1% (wlw) Alta Mat& plus LOO0 ppm (w/w) eugenol plus 3% 

[w/w) potassium lactate had significantiy increased '2" and "a" values compared to 

untreated uninoculated and inocdateci h m  samples (Tabte 33). As welI, inoculated 

unaeated h m  was significantly different for '4" d u e s  compared to inoculated treated 

ham. 

Given previous resuIts it was surprishg that there were no significant differences 

in any tiunterlab values when uninocdated and inocuIated bologna treated with 1% (wlw) 



Alta Mat& plus 1000 ppm (w/w) eugenol plus 0.4% (wlw) disodium pyrophosphate 

with or without 3% (w/w) potassium lactate were compared (Table 34). It was also noted 

for uninoculated ham treated with 1% (wfw) Alta Mat& plus LOO0 ppm (w/w) eugenol, 

the samples were slightly darker and more red in colour with the addition of 3% (wlw) 

potassium lactate compared to uninoculated ham samples without potassium lactate 

(Table 35). The same was m i e  for inoculated ham treatments, except that the ham was 

significantly darker with the addition of 3% potassium lactate. The darkening effect seen 

in ham samples was due to potassium Lactate. The inclusion of lactate in ham ueatments 

reduced the extent of colour lightening caused by Alta Mat& and eugenol (Table 3 1 ). 

Lamkey et al. (1991) found that sodium lactate did not affect the lean colour of retail 

fiesh pork sausage parties displayed in a retail case at 2 * 3°C for up to 45 days, but 

resulted in more rapid s u ~ a c e  discolouration. P ipent  instability may have ben, in part, 

due to oidative reactions induced during the extra chopping step givcn ail treated ham 

samples. As mentioned previousiy, ham samples were first fiozen at -20°C before the 

m a t  trials began, which may have had an impact on the cotour of the samples since 

cured meat products are susceptibie to oxidative and texturd changes under fiozen 

conditions (Cassens, 1994). 

Al1 colour resuIts mentioned differ fiom the hunterlab values obtained by 

Bradford et al. (1993a) where low-fat fiesh pork sausages stored at 5-TC for 12 d were 

not affected by the addition of 2% potassium Iactate. Bradford et al. ( t 993b) also found 

that 2% potassium lactate did not alter the colour of Iow-fat Eesh pork chubs stored at 5- 

7°C for up to 35 days. However, the authors did find that the addition of 3% potassium 

Iactate had an affect on "Ln and "&an values for the meat products. The present 



Tabte 26. Colour stabilWye of bologna fomulated with 0.5% (wlw) Alta ~ a t e ~  + 400 ppm (wtw) eugenol + 0.4% (wlw) 
dlsodlum pyrophosphate during siorage at 8OC under vacuum. 

untreatedb uninoculated Untreated inocu!atedc 
Week O 1 3 5 9 O 1 3 5 

Treated uninoculeted Treated lnoculated 
Week O 1 3 5 0 O 1 3 5 

L 50.3' 50.1' 51.2' 49.8' 50.1' 50.3 50.7 51.3 52.2 
a 7.8 8,4 8.7 8.7 8.9 7,9 8.7 8.9 8.9 
b 1 0,6 10.3 10.2 10.2 10.5 10.6 10.2 9.9 10+1 
a measured by a Miniscan specîrophotometer. 

corninercial formulation with no additions. 
a Inoct~lated with an equal mixture of Lb. sakel and Lc. mesenleroldes ssp. mesenteroides cells to yleld 3 log CFU.~~ . ' .  

n=4. 
values followed by a different superscript are signiflcantly dlfferent (alpha = 0.05). 



Table 27. Colour stabilitya of ham formulated with 0.5% (wiw) Alta ~ a t e ~  + 400 ppm (wM) eugenol + 0.4% (wiw) 
dlsodlurn pyrophosphate during storage at 8OC under vacuum. 

untreatedb uninoculated Untreated inoculatedC 
Week O 1 3 5 9 O 1 3 5 

Treated uninoculated Treated inoculated 
Week O 1 3 5 9 O 1 3 5 

b 8.1 7.7 6.9 7.3 7.5 8.0 7.2 7.0 7.3 
Z s u r e d  by a Minlscan spectrophotometer. 

commercial formulation with no additions. 
inoculated wlth an equal mixture of Lb. sakei and Lc. mesenteroides ssp. mesenteroides cells to yield 3 log C F U . ~ ~ ' ' .  

* n=4. 
0. O. h, k I. m values followed by a different superscript are signlficantly dlfferent (alpha = 0.05). 





Table 29. Colour stabilitya of bologna formulated with 0.5% (wiw) Alta ~ a t e ~  * 350 ppm (w/w) eugenol + 3% (wlw) 
potasijlum ladate * 0.4% ( w h )  dlsodlum pyrophosphate during storage at 8°C under vacuum. 

P. 

untreatsdb uninoculaled Untreated InoculatedG 
Week O 1 3 5 9 O 1 3 5 

- Treated unlnoculated 
Week O 1 3 5 9 

Trealed lnoculated 
O 1 3 5 

L 50.8 52.7 52.6 53.2 52.2 52.0 52.7 53,2 53.2 
a 7.8 8.3 8.3 8.2 7.8 8.2 8.2 8.4 8.5 
b 10.5 103 0.8 9 ,Q 10.4 10.2 10.1 9 3  9.9 
Trneasured by a Mlnlscan spectropholometer. 

commercial formulation with no addillons. 
Inoc.ulated wllh an equal mixium of Lb. sakel and Lc. mesenleroides ssp. mesenteroides cells to yield 3 log CFU.cm". 

d n=4, There were na signlflcant dlffemnces arnong values (alpha = 0.05). 



Table 30. Cotour stabiiitya of bologna fomulated with 1% (wiw) Alta hIateR + 1000 ppm (wh) 
eugenol * 0.4% (wlw) disodium pyrophosphate during storage at 8% under vacuum. 

untreatedb uninoculated 
Week O 1 2 3 4 5 6 7 

Treated uninoculated 
Week O 1 2 3 4 5 6 7 

Untreated inoculateda 
Week O 1 2 3 4 5 6 7 

Treated inocwlated 
Week O 1 2 3 4 5 6 7 

L 53.4 51.5 51 -1 51 -6 51 -9 51.3 51.8 52.4 
a 9Sm 9.2m 9.em 9.4m 9.4m 9.5'" 9.4m 9.2m 
b 9 . 9  9.6" 9 .7  9.6" 9 .4P 9 .4P 9 9  9.3p 
a measured by a Miniscan Spectrophotorneter. 
II wmrnerciaI formulation with no additions. 

n-4. 
inoculated with an equal mixture of ib. sakei and Lc. mesentemides ssp. mesentemides celk to 

yield 3 log CFU.~ - ' .  
' a " ' " ' values followed by a diierent superscript are significantiy different (alpha = 0.05). 



Table 31. Colourstabilitya of ham formulated with 1% (wh) Alta ~ a t e ~  + 1000 ppm (wiw) eugenol 
during storage at 8% under v a c m .  

untreatedD uninoculated 
Week O 1 2 3 4 5 6 7 

Treated uninoculated 
Wee k O 1 2 3 4 5 6 7 

Untreated inoculatedd 
Wee k O 1 2 3 4 5 6 7 

Treated inoculated 
Week O 1 2 3 4 5 6 7 

b 7.1' 6.9' 6.9' 6.9' 6.9' 6.9' 6.8' 6.4' 
a rneasured by a Miniscan Spectrophotometer. 
b commercial formufation with no addiüons. 

n=4. 
d inoculated with an equal mixture of Lb. sakeiand Lc. mesenteruides ssp. mesenteruides cells to 
yield 3 log C F U . ~ ~ - ~ .  

". ' m. ' ' values followed by a diierent superscript are significantly different (alpha = 0.05). 



Table 32. Colour stabilitya of bologna formulateci with 1% (wh)  Aita h4ateR + 1000 ppm (w/w) 
eugenol + 3% (w/w) potassium lactate + 0.4% (wh) disodium pyrophosphate during storage at 
8% under vacuum. 

untreatedD uninoculated 
Week O 1 2 3 4 5 6 7 9 

Treated uninoculated 
Week O 1 2 3 4 5 6 7 9 

Untreated inoculatedd 
Week O 1 2 3 4 5 6 7 9 

Treated inoculated 
Week O 1 2 3 4 5 6 7 9 

b 9.3' 9.4P 9SP 9.6' 9.5' 9.6' 9.3' 9.5' 9.4' 
a measured by a Miniscan Spectrophotometer. 
hcamrnercial formulation with no additions. 

n=4. 
inoculated with an ual mixture of Lb. sakei and Lc. mesenteroides ssp. mesentemides cells ep to yield 3 log CFU.an' . 

h.iC ' values foliowed by a different superscript are significanffy difïerent (alpha = 0.05). 



Table 33. ~o lour  stabilitya of ham formulated with 1% (wlw) Alta ~ a t e ~  + 1000 ppm (wfw) 
eugenol + 3% (wh)  potassium lactate durMg storage at 8% under vacuum. 

~ntreated' uninoculated 
Week O 1 2 3 4 5 6 7 9 

Treated uninoculated 
Week O 1 2 3 4 5 6 7 9 

Untreated inowlatedd 
Week O 1 2 3 4 5 6 7 9 

Treated inoculated 
Week O 1 2 3 4 5 6 7 9 

b 6.8' 6.7' 6.9' 6.9' 6.7' 7.0' 6.5' 6.9" 7.1" 
a measureâ by a Miniscan Spectmphotometer. 
b commercial fomulaüon with no Mitions. 
n=4- 

d inoculated mth an egual mixture of U. W e i  and Lc. mesentemides s p .  mesentemides oells 
to yield 3 log CFU-cm* . 
cg,n.ynp.r, *ru values followed by a d-fferent superscript are significanuy different (alpha = 0.05). 



Table 34. Colour rneasurernents of woked bologna fomulated with 1% (wk)  Alta ~ a t e '  + 1000 ppm 
(wh)  eugenot + 0.4% (wiw) disodium pyrophosphate wiih and without 3% (wlw) potassium ladate 
and stored at 8%. 

6olognaa-uninoculatecl Bolognaa-inoculated 

Week 
O 
1 
2 
3 
4 
5 
6 
7 

Week 
O 
1 
2 
3 
4 
5 
6 
7 
9 

a fomulated without 3% (wEW) potassium lactate. 
b fomulated with 3% (wh) potassium lactate. 



Table 35. Colour measurements of cooked ham fonulated with 1% (wiw) Aka ~a te '  + 1000 
Ppm (wh) eugenol Mfi and without 3% (wh) potassium ladate and stored at 8OC. 

Week 
O 
1 
2 
3 
4 
5 
6 
7 

Week 
O 
1 
2 
3 
4 
5 
6 
7 
9 

a fomulated witholrt 3% (wM) potassium ladate. 
formulated with 3% (wiw) potassium ladate. 
' values followed by different superscript are significantly different (alpha = 0.05). 



inoculated ham results obtained in Table 35 are in agreement with those of Bradford et al. 

(1993b) where 3% potassium lactate significantly darkened (decreased '2" values) and 

increased the redness ("a" values) of low-fat fresh pork chubs. The '%" (yellowness) 

values were unafrected by the presence of potassium lactate in both Bradford et al. 

(1993a and 1993b) results and in the present sîudy. 

4.3.3. Determination of pH and A, 

4.3.3.1. pH 

In the combinations tested in the present study, the pH of al1 uninoculated 

untreated and treated bologna and ham samples decreased very slowly compared to 

inoculated untreated and treated bologna and ham samples (appendices 9-16). The pH of 

the inoculated bologna and ham samples decreased as the shelf-life increased and was 

correlated with an increase in both Lc. mesenteroides ssp. mesenteroides and Lb. sakei 

numbers. Bradford et ai. (1993b) aiso found this to be true with their low-fat fiesh pork 

sausages chubs. Other researchers agree that in general L M  will decrease the pH of 

meat products as storage progresses (Borch et ai., 1996; Korkeala and Bjorkroth, 1997; 

von Holy et al., 199 1). 

The addition of 3% (wlw) potassium lactate heIped to delay the decline in pH of 

both bologna and ham samples forrnuIated with this antirnicrobial agent. This is in 

agreement with results found by Bradford et ai. (1993b) where the addition of potassium 

lactate delayed pH decline of low-fat fresh pork sausage chubs during refiigerated 

storage. They stated that the delay in pH decline may have been due to the inhibitory 

effects of potassium lactate on acid producing facultative anaerobes. 



4.3.3.2. A,  

Water activity is defined as the ratio of vapour pressure ofa solution to that of 

pure water at a specified temperature. It is important because it affects many food 

attributes and characteristics. For example, texture, non-enzymatic browning reactions, 

enzymatic activity, lipid oxidation and microbial growth are iduenced by the 

manipulation of a, Ievels (Troller and Scott, 1992). 

Both bologna and ham sausages were stored in a -20°C fkeezer. The sausages 

were left out at room temperature the previous night before being cut into -1 cm thick 

coins. Both bologna and ham coins ueated with 0.5% (wlw) Alta Mat& plus 350 or 400 

ppm (wlw) eugenol plus 0.4% (wlw) disodium pyrophosphate with and without 3% 

(wlw) potassium lactate were 20 weeks old. Bologna and ham coins treated with 1% 

(wlw) Alta Mat& plus 1000 pprn (wlw) eugenol plus 0.4% (wlw) disodium 

pyrophosphate (bologna only) with and without 3% (wlw) potassium lactate were 18 

weeks old. The Decagon a, machine reported both a, and the temperature readings of 

each sarnple coin. 

The untreated bologna had a significantly higher a, than bologna ueated with 

0.5% (wlw) Alta Mat& plus 400 ppm (wlw) eugenol plus 0.4% (wlw) disodium 

pyrophosphate (Table 36). However, untreated and treated harn did not show any 

significant ciifferences for the same treatment combination (Table 37). 

The a, of untreated ham was significantly higher than that of ham treated with 

0.5% (wlw) Alta Mat& ptus 350 ppm (wlw) eugenol plus 0.4% (wlw) disodium 

pyrophosphate plus 3% (w/w) potassium lactate (TabIe 38). This was also seen in 



Table 36. A,,, measurements of woked uninoculatecf bolognaa containing 0.5% (wM) 
Alta ~ a t e ~  plus 400 pprn (wiw) eugenol plus 0.4% (wh) disodium pyrophosphate and 
stored at -20°C. 

Boloana-untreated Boloana-treated 

Coin & reading Temperature CC) A,., reading Temperature CC) 
1 O.96lC 21.6 O.93ga 22.3 
2 0.961' 20.7 0.945' 21.9 
3 0.961' 21.3 0.948' 21.9 
4 O.96lC 20.7 0.944' 22.0 
5 0.949' 21 .O 0.944~ 22.3 
8 NR' NR 0.944' 22.3 

a samples were frozen afler preparaiion. thawed and left ovemight at room temperature 
before measurements were made. 
%ot recordeci; temperature reading was not within * ?.O, therefore not induded. 
' and values are significantly different (alpha = 0.05). 



Table 37. A, measurements of cooked uninoculated hama mrftaining 0.5% (wh) 
Alta hlateR plus 400 ppm (wlw) plus 0.4% (whv) disodiurn pymphosphate eugenol and 
stored at -20°C. 

Ham-untreated Ham-treated 

Coin A,,, reading Temperature CC) A, reading Temperature CC) 
1 0.948 21 -1 0.972 21.2 
2 0.965 21 -7 0.967 20.4 
3 0.965 20.9 0.967 20,4 
4 0.963 21 -5 0.972 21.2 
5 0.970 21.2 0.966 20.6 
6 N R ~  NR 0.971 20.8 

a samples were frozen after preparation. thawed and left out ovemight at mom temperature 
before measurements were made. 
b not recorded; temperature reading was not within k 1 .O. therefore not inciuded. 



untreated and treated bologna for the same treatment combination (Table 39). 

The a, of uninoculated ham containing 1% (wlw) Ata Mat& plus 1% (wlw) 

eugenol with and without 3% (wlw) potassium lactate found the a, of treated ham was 

significantly lower (Table 40). The a, of uninoculated bologna prepared with the sarne 

combinations also showed significant differences (Table 41). There are no published 

papers to date that indicate differences in a, results fiom use of the above combinations, 

however, Chen and Shelef (1992) found that 4% potassium lactate reduced the a, from 

0.986 to 0.957 of commercially sterile beef Weaver and Shelef (19%) aiso found this to 

be me, but their results indicated only a slight reduction in a, when 2 or 3% potassium 

lactate was added to pork liver sausages. 

4.3.4. Microbiai Analysis 

The combination consisting of 0.5% (wlw) Alta Mate@, 400 ppm (wlw) eugenol 

and 0.4% (wlw) disodium pyrophosphate (Tables 42-45) was unable to inhibit either Lc. 

mesenteroides ssp. mesenteroides and Lb, d e i  in ham or bologna. For both the 

untreated uninoculated bologna and ham samples, substantial adventitious bacterial 

growth occurred within three weeks which was earlier than expected. This may have 



Table 38. A, measurements of cooked uninoculated hama mntaining 0.5% ( w h )  
Aita ~ a t e ~  + 350 ppm (wM) eugenol + 0.4% (wtw) disodium pymphosphate + 3% (wk) 
potassium lactate and stored at -20'~. 

Ham-untreated Ham-treated 

Coin L reading Temperature CC) 
1 0.986' 21.7 

A, reading Temperature CC) 
0.974' 22.4 

a sarnples were frozen after preparation. îhawed and Ieft out ovemight at mom 
temperature before measuremenfs were made. 
b and ' values are significantly diierent (alpha = 0.05). 



Table 39. A, measurements of woked unhtxrlated bolognaa containing 0.5% (wh) 
Alta ~ a t e ~  + 350 ppm ( w h )  eugenol + 0.4% (wh)  disodium pymphosphate + 3% (wh)  
potassium ladate and stored at -20°C. 

Bologna-untreated Bologna-treated 

Co in A, reading Temperature CC) A, reading Temperature CC) - 
1 0.979~ 21 .O 0.9p 22.6 
2 0.985~ 20.7 0.972' 21 -8 
3 0.983~ 21.7 0.980' 22.0 
4 0.987~ 20.6 0.983' 22.4 
5 0.994' 20.7 0,985' 21 -3 
6 0.978' 20.7 0.9n" 21.6 

samples were fiozen after prepadon, thawed and i& ovemight at room 
temperature before meaçurementç were niade. 
b and " values are significantly &rent (alpha = 0.05). 



Table 40. Aw measyrements of cooked unlr(ocutated hama containing 1% (wiw) Alta ~ a t e ~  + 1000 ppm (wlw) 
eugenol with and without 3% (wM) potasslym ladate and stored al - 20"~ .  
P. 

 am-treatedD Ham-trealedc 

Coin AW Temperature 
-7 +#- CC) 

1 21 ,Q 
2 0.982' 22.3 
3 0.975' 21.3 
4 0.985' 21.1 
5 0.978' 21.1 
6 0,971' 22.1 

AW Tempe rature 

+g$-- 21.8 CC) 

0.974e 21.6 
0.982e 21.5 
0.96@ 21 -4 
0.966'' 21,7 
O.97Oe 21.7 

samples were frozen after preparation, thawed and lefî overnight at room temperature before measuremenls 
were made, 

harn without 3% (wiw) potassium lactate. 
a harn with 3% (wlw) potassium Lactate. 

and ' values are significantly differeni (alpha = 0.05). 



Table 41. A.,, measurements of cooked unirloculated bologna' conlainlng 1% (wh) Alta ~ a t e ~  + 1000 ppm (wh)  
eugenol + 0.4% (wlw) disodium pyrophosphate with and wlthout 3% (wh)  potassium ladate and stored at -20'~. - 

Bologna-treatedD Bologna-treatedc 

Coln 
-- 

1 

Temperature Aw Temperature 

2 0.986' 20.9 0.976' 21.6 
3 0,971~ 21.5 0.963' 21.1 
4 0,982' 20.9 0.977' 22.0 
5 0.972~ 21.7 0.965' 21.3 
6 -- 0.080~ 21.3 0.974e 21.2 

Average 0.977 21.3 0.970 21.4 
Bsamples were frozen afier preparaiion, thawed and left ovemight at room temperature before measurements 
were inade. 

bOl0~tla without 3% {wtw) potassium ladate. 
O bologna with 3% (wfw) potassium lactate. 

and ' values are signlficanlly dlfferent (alpha = 0.05). 



Table 42. Growth of bauterla In bologna fomiulated with 0.5% (wlw) Alta ~ a t e ~ p l u s  400 ppm (wlw) euganol and 0.4% (wlyv) 
disodium pyrophosphate followed by coohing, inouulatlon with or without Lb, sakei and Lc. mesenteroides ssp. 
mesenlemides and stored under vacuum at 8OC (untreated control, uqlnoculated and lnoculated). 

Untreated (control) 

Unlnoculated Inoculateda 
Media 
.. 

weeks of storage weeks of storage 
O 1 3 5 Q O 1 3 5 

SPC* NoQ 3.59" 6.50 7 .A2 4.54 2.95 7.05 6.66 7.03 
APT ND 3.49 6 -66 7.97 5.26 3.16 7-08 6.79 7.1 O 
M 5d ND 3.47 7.07 7.16 5.66 3.02 7.07 8.67 7.70 
STM' ND 3.50 7.06' 6.65' 5.72 ND 6.87 2.55 6.80 
VRBQ~' ND ND ND ND ND ND ND ND ND 

inoci~laléd by dlpping.in a mlidure bf /.b.'s8kel and Lc. mesenteroides ssp. mesenteroides at lo4 cells.cm'' prior to 
gficflcaglng, 

stan~lerd plqte count agar, spiral plaied, anaerobic, 2 5 ' ~  for 2 days. 
al1 purpose tween agar, spiral plated, anaerobic, 25% for 2 days. 

a M5 rigar, splral plated, anaerobic, 2 5 ' ~  for 2 days. 
B streptomycin thallous acetate actldlone agar, spiral plated, aerobic, 2 5 ' ~  for 2 days. 
' violet red blle glucose agar, spiral plated, aeroblc, 3 5 ' ~  for 1 day. 

nonri demonstrated. 
"loglo CFU.C~'*, trlplicate samples in duplicate. 
' reçut 1s indlcate Brochothrix was present. 



Table 43. Gyowth of baateria In bplogna fomulated wHh 0.5% (wiw) Alla ~ a t e ~  plus 400 ppm (wlw) eugenol and 0.4% (wlw) 
dlçodlum pyrophosphate followed by cooklng, iiiaculatlon wRh or WRhout Lb. sakei and Lc. masenteroides ssp. 
mesei?tsm/des and stored under vaçuum al 8OC (treated, unlnoculqted and inoculated). 

Unlnowlated lnoculabdb 
Media weeks of storage weeks of storage 

O 1 3 5 B O 1 3 5 
SPC"  ND^ ND ND 5.19' ND 3.05 7.06 7.09 6.90 
APP ND NO ND 5.40 ND 3.1 8 7.1 3 0.96 6.99 
M5" ND ND ND 6.56 ND 3.25 7.1 8 7.60 8.17 
STAA" ND ND ND 5.81' ND 3.7 1 6.83 6,88 6.71 
VRBGB ND ND ND ND ND ND ND ND ND 
~ i i e r c l i l  bol~ona fomulaied'wiih ~.S%'(whv) Alta hlaten plus 400 ppm (wfw) eugenol before cooking. 

Inociilated by dlpplng In a rniidure of Lb.sakel and Lc. mesentemides ssp. mesenteroides at 1 ~%ells.crn'~ prior Io 
gackaglno. 

slantlard plate caunl agar, splrat plated, anaerobk, 25DC for 2 days. 
al1 pirrpose tween agar, splral plated, anaeroblc, 2 5 ' ~  for 2 days. 
M5 rigar, spiral plated, anaerobk, 25% for 2 days. 

' streptomycln thallous acetate adkilone agar, spiral plaled, aeroblc, 25°C for 2 days. 
violet red bite glucose agar, spiral plated, aeroblc, 35OC for 1 day. 

"onrr demonstrated, 
' loglo C F U . ~ ~ ' ~ ,  trlpllcate samples in duplicata 
' resulls lndlcale Brochothrlx was presenl. 



Table 44. Growth of bacteria in ham f~rrnulated with 0.5% (wlw) Alta ~ a t e ~  plus 400 ppm (wiw) eugenol and 0.4% ( w h )  
disodiiim pyrophosphate followed by cooking, inoculation with or without Lb. sakei and Lc. mesenteroides ssp. 
meserrteroldes and stored under vacuum at 8OC (untreated control, uninocuiated and inoculated). 

Untreated (control) 

Uninoculated lnoculateda 
Media 
P., . . weeks of storage weeks of storage 

O 7 3 5 9 O 1 3 5 
SPC~ NDO 4.34" 4.23 4.14 3.67 3.04 6.70 8.49 6.42 
APT ND 4,11 336 4.03 3.50 3.38 6.09 8.46 6.43 
M sd ND 4,25 4.02 5.13 3.71 3.30 6.75 6.47 6.42 
STAA" ND 4.80 4.66' 4.20' ND 3.07 6.63 5.81 5.80 
VRBG.' ND ND NP ND ND ND ND ND ND 

Inociilated by dipping in a mixture of ib.sakel and Lc. mesentaroides ssp. mesenteroldes a l  I O 4  cells.crn-' prior to 
packagino, 

standard plate count agar, spiral plated, anaerobic, 25OC for 2 days. 
" al1 piirpose tween agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 

M5 61gar, spiral plated, anaerobic, 25OC for 2 days. 
* strepiomycin thallous acetata adidione agar, spiral plated, aerobic, 25°C for 2 days. 
'violet. red bile glucose agar, spiral plated, aeroblc, 3 5 ' ~  for 1 day. 

nonet demonstrated. 
loglc C F U . ~ ~ ' ~ ,  triplicate samples in duplicate. 
resul ls indicate Brothothrix was present. 



Tsble 46, Growlh of bacteria ln harn fomulated wlth 0.5% (wlW) Alta ~ a t e ~  plus 400 pprn (wlw) eugenol and 0.4% (wiw) 
disodium pyrophosphate followed by coohlng, with or without Lb. sahel and Lc. mesenteroldes ssp. mesenteroides and 
storecl under vacuum at 8OC (treated, unlnoculated and inoculated). 

Uninoculated lnoculatedb 
Media - weeks of çtorage weeks of storage 

O 1 3 6 9 O 1 3 5 
SPCO ND" ND 4.46' ND ND 3.01 7.14 7.1 5 7.07 
APT~ ND ND 4.00 ND ND 3.34 7.1 3 7.10 7.02 
M5' ND ND 3.81 ND ND 3.1 1 7.12 7,72 7.28 
STAA' ND ND ND ND ND 3.03 7.07 2.50 6.55 
VRBGP ND ND ND ND ND ND ND ND ND 
B m e r c i a t  bolgana formulated wilh 0.5% (wiw) Alta ~ a t e '  plus 400 pprn (whv) eugenol before cooking. 

inoculated by dipping in a miAure of Lb.sakei and Lc. mesenteroides ssp, mesenteroides at 10' cells.cm~* prior to 
packaging . 

standard plate count agar, spiral plated, anaerobb, 25% for 2 days. 
a11 purpose tween agar, spiral plated, anaeiobic, 25% for 2 days. 
' MS tlgar, spiral plated, anaerobic, 25% for 2 days. 
' streptomycln thallous acetate actidione agar, spiral plated, aeroblc, 25°C for 2 days. 
O violet red bile glucose agar, spiral plated, aerobic, 35OC for 1 day. 

nontt demonstrated. 
'  log,^ C F U . ~ ~ ' ~ ,  trlpllcate samples ln duplicale. 



been due to the use of a moderately abusive storage temperature or could have been 

related to the thermal process used for sausage preparation. 

The bologna and ham treated with 0.5% (wlw) Alta Mate@, 350 ppm (wlw) 

eugenol, 0.4% (wlw) disodium pyrophosphate and 3% (wlw) potassium lactate (Tables 

46-49) showed similar results. Therefore, it was concluded that neither combination was 

able to inhibit growth of inoculated Lc. mesenteroides ssp. mesenteroides and Lb. sakei, 

but they were able to extend the period that treated meats remained free of naturally 

occumng spoilage bacteria Treated uninoculated ham and bologna sausages had a shelf- 

life at 8°C >9 weeks, whereas untreated uninoculated products were usuaily spoiled by 5 

weeks. 

It should be noted that the inoculated untreated and treated bologna and ham 

samples from the two combinations above were spoiled at 5 weeks of storage and 

microbial analysis was halted. The uninoculated untreated and treated bologna and ham 

sausages continued to be analysed for microbial growth, because the samples did not 

spoil until after week 9. 

In bologna and ham, the combinations of 1% (wlw) Alta Mat& plus 1000 ppm 

(wlw) eugenol plus 0.4% (wlw) disodium pyrophosphate (in bologna oniy) with and 

without 3% (wlw) potassium lactate were unable to inhibit both Lc. mesenreroides ssp. 

mesenteroides and Lb. sakei. The results for both the treated bologna and ham samples 

showed a slight decrease in both organisms compared to the controls. However, both 

combinations (uninocuiated treated) were able to effectively inhibit the naturai microflora 

found in vacuum-packaged meat (Tables 50-65), because spoiiage did not occur until 

week 1 1 and 13. The uninoculated untreated and treated bologna and ham samples were 



Table 46. Gyowîh of bacteria in bologna fomulated with 0.5% (wM) Alta ~ a t 8  + 350 ppm (wh)  eugenol + 3% (wlw) 
potastiium Ifildate .t 0.4% (wM) disodium pyrophosphate followed by cooking, inocplation wlth or wiîhout Lb. sahel and Lc. 
meser~teroldes ssp. mesenteroides and stored under vacuum at &OC (untreated control, uninoculated and inoculated). 

Untreqted (control) 

Unlnoculated Inoculateda 
Media weeks of storage weeks of storage 

O 1 3 5 9 O 1 3 5 
SPC~ NDO 4.00" 5.59 7.71 3.84 2.74 6.84 6.98 7.02 
A P T  ND 3-78 5.31 8.26 4.84 2.96 7.22 7.40 7.06 
~5~ ND ND 5.83 8.24 5.09 2.84 7.12 7.71 7.83 
STAA' ND 4.1 1 4.55 9.70' 5.17' ND 7.1 1 5.02 6.93 
VRBG~' No ND ND 734 ND ND ND ND ND 
' l n d a t e d  'by dipping in a mixture of Lb.saHel and Lc. mesenteroides ssp. mesenteroides at 10' cells.cm-' prior to 
packaging, 

standard plate count agar, spiral plated, anaerobic, 25OC for 2 days. 
al1 piirpose tween agar, spiral plated, anaerobic, 25OC for 2 days. 

d M5 eigar, spiral plated, anaerobic, 2s0C for 2 days, 
' stref~lomy~ln thallous acetate adidlone agar, spiral plated, aerobic, 2 5 ' ~  for 2 days. 
'violet red bile glucose agar, spiral plated, aeroblc, 35OC for 1 day. 

nonri demonstrated. 
loglc C F U . ~ ~ ' ~ ,  triplicate samples In dupiicate. 

' resulls lndicate Brochothrix was present. 



Table 47. Growth of bacteria in bologna formulated with 0.5% (wlw) Alta ~ a t e ~  + 350 ppm (whv) eugenol + 3% (wlw) 
polasfiiurn ledate + 0.4% (wtw) disodium pyrophpsphaie followed by Cooking, with or without Lb. sakei and Lc. 
mf3~13iiterdd6~ ssp. mesenteroldes and stored under vacuum a1 8OC (lreated, uninoculated and inoculated). 

Unlnoculated lnoculatedb 
Media - weeks of siorage weeks of storage 

O 1 3 5 9 O 1 3 5 
SPC" ND" ND ND ND ND 3.01' 6.78 6.65 6.49 
APP ND ND ND ND ND 2.95 635 6.79 6.46 
M!je ND ND ND ND ND 2.99 6.83 7.03 6.70 
STAA' ND ND ND ND ND ND 6.76 4.93 5.79 
VRBGig ND ND ND ND ND ND ND ND ND 
a corninercisl bolgooa formulated with 0.5% (whvj Àttà a ale' + 350 ppm (wlw) eugenol + 3% (wlw) potassium lactate + 0.4% 
(wlw) dlsodium pyrophosphate before cooking, 

lnou~lated by dlppjng ln a mixture of Lb.sakei and Lc. mesenleroides ssp. mesenteroldes at lo4 cel~s.crn'~ prior 10 
gackaolng. 

standard plate count agar, spiral plated, anaerobic, 25OC for 2 days. 
a all purpose tween agar, splral plated, anaerobic, 25% for 2 days. 
a M5 cigar, splral plated, anaerobic, 2S°C for 2 days. 
' streptomycin thallous acetale actldlone agar, spiral plated, aerobic, 25OC for 2 days. 
O violet red blle glucose agar, spiral plated, aerobic, 35OC for 1 day. 

nonntt dernonstrated. 
I loglo C F U . ~ ~ ' ~ ,  triplicate samples In duplicate. 



Table 48. Growth of bacterla in hanl fom)ulaled wlth 0.5% (whv) Alta ~ a t e ~  + 350 ppm ( w h )  eugenol + 3% (wtw) 
potasirium lqctate + 0.4% (wlw) dlsodlum pyrophosphate followed by coqking, inoccilatlon wHh or wUhout LP. sakel and Lc. 
mesenteroldes ssp, mesenteroldes and stored under vaauum at 8OC (unlreated control, unlnoculated and inoculated). 

Untreated (control) 

Uninoculated 
Media weeks of storage 

O 1 3 5 9 
weeks of storage 

O 1 3 5 

a inociilated by dipping in a mlxlure of Lb.sakei and Lc. mesenteroides ssp. mesenteroides at 104 cel1s.cm.l prior to 
BackaQing. 

standard plate count agar, spiral plated, anaerobk, 2 5 ' ~  for 2 days. 
al1 piirpose tween agar, spiral plated, anaeroblc, 25OC for 2 days. 

d M5 cigar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 
' streptomycin thalious acetate actidione agar, spiral plated, aerobic, 25% for 2 days. 
' violei: red bile glucose agar, spiral plated, aerobic, 3 5 ' ~  for 1 day. 

noner demonstrated. 
loglc C F U . ~ ~ ' ~ ,  tripiicate samples in dupllcate. 



Table 49. Growth of bqcteria in hafq forrnulated with 0.5% (w&) Alta ~ a t e ~  + 350 ppm (wh) eugeriol+ 3% (yvriiv) 
potasfiium lactate + 0.4% (wlw) dlssdlum pyrophosphate followed by coqking, with or wph~ut Lb. sakei and Lc. 
meser~teroldes ssp. mesenteroides and stored under vacuum at 8°C (treated, uqinoculated and inoculated). 

Uninoculated lnoculatedb 
Media weeks of storage weeks of storage 

O 1 3 5 9 O 1 3 5 
SPCC ND" ND ND ND ND 2.83 6.60 6.89 7.35 
AP? ND ND 3.73' 3.73 ND 3.04 7.51 7.31 7.24 
Mtie ND ND ND ND ND 3.05 7.40 7.70 7.75 
STAA' ND ND ND ND ND ND 8.34 7.05' 6.81 
VRBG" ND ND ND ND ND ND ND ND ND 
acominercial ham f o ~ u l a l e d  with 0.5% (w/w) Alia MateK + 350 ppm (wh) eugenol + 3% (wlw) potassium lactate + 0.4% 
(wfw) disodium pyrophosphate before woking. 

Inociilated by dipplng in a mlxiure of Lb.sakel and Lc. mesenteroides ssp. mesertteroides at l o4  ce11s.cm'~ prior to 
packagln~. 

standard plate count agar, spiral ptated, anaerobic, 25°C for 2 days. 
all piirpose tween agar, spiral plated, anaerobic, 25°C for 2 days. 
M5 agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days, 

' streptomycin thallous acetate actidione agar, spiral plated, aerobic, 25OC for 2 days. 
O vlolet red bile glucose agar, spiral plated, aerobic, 35°C for 1 day. 

nonet demonstrated. 
1 loglo ~ f ~ . c r n * ~ ,  triplicate samples in dupllcate. 

' resutE indicate Brochothrix was present. 



Table 60. GroWh of bqcterla in b~logna fomulated with 1% hu'w) Alta M@ + t 000 PPV (wlw) eugenOl + 0.4% (w/w) 
dlsodlum pypRhosphate followec( by coohing, and stored under vacuum at 8 ' ~  (unlreated control, uninoculated). 

Media - weeks of dorage 
O 1 2 3 4 5 6 7 B 11 13 

SPCa  ND'^ ND ND ND ND ND ND ND ND 5.46" 7.31 
A P T ~  ND NO ND ND ND ND ND ND ND 5.3d' 7.26 
M5O ND ND ND ND ND ND ND ND ND 5-72" 6.45 
STAA ' NQ NP ND ND ND ND ND ND ND 5.40" ND 
VRBGie ND NP ND ND ND ND ND ND ND  ND^ ND 
%hard plate count agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 

al1 pirrpose tween agar, spiral plated, anaerobk, 25Oc for 2 days. 
O M5 Elgar, spiral plated, anaerobk, 25OC for 2 days. 
* strefitomycin thallous acetate actidlone agar, spiral plated, aeroblc 2 5 ' ~  for 2 days. 

violet blle red glucose agar, spiral plated, aerobic, 35% for 1 day. 
' none demonstratecl. 

loglL C F U , C ~ - ~ ,  trlpllcate samples in dupllcate. 
%=2, plated in trlplicate. 



Table 61. Growlh of bactgria in bologna formulated with 1% (why) A#a IMateR + 1000 ppw (wlw) eugenol + 0.4% 
(wM) dls~dlum pyrophosphate followed Oy cookipg, inoculation wlth Ui. sakel aqd Lc. mesentemides ssp. 
meset?teroIdes and stored under vacuum at 8'C (untreatpd, Inoc~l~ited). 

' ~ntreated'- inoçulateda 

Media weeks of storage 
O 1 2 3 4 5 6 7 9 

Inocttlated by dlpplng In a mixture of Lb. sakeiand Lc. mesentenildes ssp. mesenteroides at lo4  cells.cm" prior 
to pac;kaging. 

standard plate count agar, spiral plated, anaeroblc, 25% for 2 Qays. 
" al1 purpose tween agar, spiral plated, anaeroblc, 25% for 2 days. 

M5 rigar, splral plated, anaerobic, 2 5 ' ~  for 2 days. 
stre()tomycln thallous acetate actldione agar, spiral plated, aeroblc, 2 5 ' ~  for 2 days, 

' vlolel bile red glucose agar, splral plated, aeroblc, 3 5 ' ~  for 1 day. 
logl(, C F U , ~ ~ ' ~ ,  triplicete samples in duplicate. 
nono demonslrated. 



Table 62. Growth of bqcteria in bologna formulated w9h 1% (wlvy) Altq ~ a t e ~  + 1000 ppyii ( w h )  eugenol + 0.4% (wlw) dlsodlum 
pyrophosphate followed by cooking, and stored ynder vacuum al 8% (treated wntrol, uninoculated). 

Treateda (wntrol) - uninoculated 

Media weeks of storage 
O 1 2 3 4 5 6 7 9 11 13 

AP? ND ND ND ND ND ND ND ND ND ND' ND 
MS* ND ND ND ND ND ND ND ND ND N Dl ND 
STAAe ND ND ND ND ND ND ND ND ND ND' ND 
VRBG' ND ND ND ND ND ND ND ND ND ND' ND 
"merclal bolgona fomulated wilh 1% (wlw) Alta Maten + 1000 ppm (wlw) eugenol + 0.4% (whiv) disodium pyrophosphate 
beforri C O O ~ ~ ~ Q .  
b standard plate count agar, splral plated, anaerobic, 25OC for 2 days. 
al1 purpose tween agar, spiral plated, anaerobic, 2!i0c for 2 days. 
M5 rlgar, spiral plated, anaerobic, 25OC for 2 days, 
' ~ t r q ~ l ~ r n y ~ l n  thalious acetate aciidione agar, spiral plated, aerobic 25OC for 2 days. 
'violet bile red glucose agar, spiral plated, aerobic, 35OC for 1 day. 

nontf demonstrsted. 
tl logl(, C F U . ~ ~ ~ ~ ,  triplicate samples in duplicate. 

' n=2, plated in kiplicate. 



Table 03. Growth of bqctgria ir) bplogna formulated with 1% (wh)  Alla blateR + 1000 ppm (wlw) eugenol + 0.4% 
(wM) disodlum pyrophosphate followed by cooking, inoccilatlon with Lb. sahel and Le. mesenteroides ssp. 
mese~~teroldes and stored under vacuum at 8OC (treated, Inocul8ted). 

Media - weehs of storage 
O 1 2 3 4 5 ' 6  7 9 

SPCO 3.17" 5.91 6.83 6.36 6.79 6.39 6.51 6.25 6.18 
APT' 2.77 5.79 6.83 6.77 8,74 6.33 6.76 6.29 6.28 
M5" 2,62 5.01 6.85 6.69 6.77 6 -44 6.71 6.56 6.23 
STM' ND' 5.90 6.58 6.1 0 6.40 5.81 5.90 5.77 5.69 
VKBG" ND ND ND ND ND ND ND ND ND 

cornmerclal bolqona fomulated'with 1 % (wh) Alla Maten'+ 1000 ppm ( w h )  eugenol+ 0.4% (w/w) 
~isodlurn pyrophosphate before woking. 

inociilategl by dlpplng in a mixture of Lb. sahel and Lc, mesenteroldes ssp. mesentecoides at 104 c e l l s . ~ m ~ ~  prior 
to packaging. 

staniiard plate count agar, spiral plated, anaerobic, 25OC for 2 days. 
d al1 purpose tween agar, splral plated, anaerobic, 25% for 2 days. 

M5 rigar, splral plated, anaerobic, 25°C for 2 days. 
' slreptomycln thallous acelate actMione agar, spiral plated, aerobic, 25OC for 2 days. 
O violet blle red glucose agar, spiral plated, aerobic, 35OC for 1 day. 
"ogtc C F U . ~ ~ ' ~ ,  triplIcate samples in duplicate. 
' none demonstrated. 



Table 64. Growth of bacteria in ham fqm'tulated with 1% (wlw) Alfa ~ a f e ~  plus 1000 ppm ( w h )  eugenol foliowed by cooking, and çtored 
under vacuum at 8% (untrestad control, unlnoculated). 

Untreated (c~njroi) - uninocylated 

Media 
- ,  weeks of starage 

O 1 2 3 4 5 6 7 9 11 13 
SPC' N D'O ND ND ND ND ND ND ND ND >9.00n 7.84 
A P T ~  ND ND ND ND ND ND ND ND ND 19.00" 7.81 
M5' ND ND ND ND ND ND ND ND ND *9,0nn 7.87 
STM.' ND ND ND ND ND ND ND ND NO >0.00" ND 
VRBGP ND ND ND ND ND ND ND ND ND >9,00n ND 
"Staniiad plate count agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 
tl al1 piArpose twsen agar, spiral plated, anaembic, 25Oc for 2 days, 

M5 Elgar, spiral plated, anaembic, 25OC for 2 days. 
(' streptomycin thaltous acetate actidione agar, spiral plated, aerobic 25OC for 2 days. 
' vlolet bile red glucose agar, spiral plated, aerobic, 35OC for 1 day, 
' none demonstrated. 

logla C F U . ~ ~ ' ~ ,  triplicate sampies in duplicate, 
'' n=2, plated in triplicate. 



Table $6. Growth of bacteria In harq fqrmulated wllh 1% (whu) Alta ~ a t e ~  plus 1000 ppm (wiw) gugenol 
foll~wed by cooklng, Inoculation wilh Lb. sekel end Lc. mesenterpides ssp. mesenteraldes and stored under 
vacuum at 8'C (untreated, lnoculated). 

Untreated - inocdateda 

Medla weeks of storage 
O 1 2 3 4 5 6 7 9 

SPC" 3.33O 8.57 7,61 6.93 7.62 7.52 6.95 6.92 6.82 
APT 2.78 7.28 7.33 7.34 7.26 7.31 6.94 6,95 6.83 
~5~ 2.77 7.1 1 7.52 7.58 7.50 7.47 7.13 7.15 6.96 
STAA'  ND^ 7.18 7.25 7.25 7.10 7.07 6.72 6.77 6.62 
V R B ~  ND ND ND ND ND ND ND ND ND 

lnoculated by dipping in a mlxlure of Lb, sakei and Lc. mesenteroides ssp, mesenteroides at l o4  cells.cm-' prior 
Io packaglng , 

standard plate wunt agar, spiral plated, anaerobic, 25OC for 2 days, 
al1 purpose tween agar, splral piated, anaerobic, 2 5 ' ~  for 2 days. 
M5 Elgar, splral plated, anaerobk, 2 5 ' ~  for 2 days. 
' stre(1tornycin thatlous acetate actidione agar, spiral plated, aeroblc, 2 5 ' ~  for 2 days. 
' vlolel bile red glucose agar, splral plated, aerobic, 35OC for 1 day. 

logl(, C F U . C ~ - ~ ,  triplicate samples in duplicale. 
nonei demonslrated. 



Table 66. Growih of bqcteria in hgnl foriqulgted with 1% (wlw) Alta ~ a t @  plus IODO ppm (wlw) eugenol followed by cooking, and stored 
under vacuum at 8% (treated control, unlnoculated). 

Treated (control)' - uninoculated 

Media weeks of siorage 
O 1 2 3 4 5 6 7 9 11 13 

SPC~ Noa" ND ND ND ND ND ND ND ND ND' ND 
APTO ND ND ND ND ND ND ND ND ND N DI ND 
~5~ ND ND ND ND ND ND ND ND ND N Dl ND 
STAA' ND ND ND ND ND ND ND ND ND N DI ND 
VRBGI' ND ND ND ND ND ND ND ND ND ND' ND 
%i%imerclal ham fomulated with 1 % (wlw) Alta ~ a t e ~  plus 1000 ppm (wîw) eugenol before cooking. 
'>standard plate count agar, spiral plated, anaeroblc, 25OC for 2 days. 

al1 purpose tween agar, spiral plaled, anaerobic, 25Oc for 2 days. 
a M5 tigar, spiral plated, anaeroblc, 25% for 2 days. 
' streptomycin thallous acelate adidione agar, spiral plated, aerobic 25% for 2 days. 
'violet bile red glucose agar, spiral plated, aerobic, 35% for 1 day. 

nonit demonstrated, 
"ogl(, C F U . ~ ~ ' ~ ,  triplicate samples In duplicale. 
' n=2, plated in triplicate. 



Table 67. Growlh of bwteria in ham fomulated wlth 1% (wiw) Alta ~ a t e ~  plus 1000 ppm (wlw) eugenol followed 
by cooking, Inoculation wlîh Lb. sekel and Lc. mesenteroldes ssp. ines8nteroides and stored under vacuum at 8% 
(treatud, lyioculated). 

~reated' - inoculatedD 

Media. weeks of storage 
O 1 2 3 4 5 6 7 Q 

AP? 2.70 7.88 7.33 7.41 7.29 7.05 7.14 5.78 5.66 
M!je 2,62 7.49 7.49 7.61 7.43 7.09 6.97 5.80 5.52 
STAA' ND' 7.31 7.07 7.18 8.83 6.61 5.40 4.95 4.28 
VRB@ ND ND ND ND ND ND ND ND ND 
a m e r c l a l  ham fomutated wlth 1 % (wlw) Alta ~ a t e '  plus 1000 ppm (whiv) eugenol before cooking. 

inoctilated by dlpplng In a mixiure of îb. sakei and Lc, mesentemides ssp. mesenteroides at lo4  ce~ls,cm-~ prlor 
to packag ln0 , 
"standard plate count agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 

al1 purpose tween agar, spiral plated, anaerobic, 25% for 2 days. 
M5 tlgar, splral plated, anaerobic, 25% for 2 days. ' streptomycln thallous acetale actkiione agar, spiral plated, aerobic, 25OC for 2 days. 

O violet bile red ~lucose agar, spiral plated, aerobic, 35% for 1 day. 
logl(, C F U . ~ ~ ' ~ ,  triplicate samples in duplicate. 

I none dernonstraled. 





Table 69. Growth of bgaterla ln bologna formulated w m  1 % (wlvy) Alta ~ a t 8  + 1000 ppm (wlw) eugenol + 3% 
(wM) potassium lactate + 0.4% ( w k )  dlsodium pyrophosphale followed by cooking, inoculation with Lb. sakei 
and Li;. mesenteroicles ssp. mesenteroides and storec) under vacuum at aOc (untreated, inoculatecl). - , .  

Untreated - lnoculqteds 

Media - weeks of storage 
O 1 2 3 4 5 6 7 8 

S P C ~  2.41' 6.98 7.08 7.03 6.96 6.34 6.71 6.86 6.39 
APP 3.83 7-13 7.10 7.02 7.00 8.85 6.9% 7.04 8-89 
~5~ 2.73 7.22 7.15 7.00 7.05 6.86 6.90 6.91 6.70 
STAA' 2.41 7.10 6.87 6.88 6.71 P' 6.53 6.35 6.32 
VRBG;'  ND^ ND ND ND ND ND ND ND ND 
" inoculated by dipplng in a mixture of Lb. sakel and LC. mesenteroides ssp, mesenteroides at 104 cells.cm-' prlor 
p psc&aglng, 

standard plqte count agar, Spiral plated, anaeroblc, 25OC for 2 days. 
O al1 purpose tween agar, spiral plated, anaerobic, 25% for 2 days. 

~5 rigar, spiral plated, anaerobic, 25% for 2 days, 
str%(itomycin thal~ous acetate actidlone agar, spiral plated, aeroblc, 2 5 ' ~  for 2 days. 

' violet bue red glucose agar, spiral plated, aerobic, 35% for 1 day. 
loglc, C F U , ~ ~ ' ~ ,  triplicete samples in duplbate, 
nonit demonstrated. 

' STAA plates were improperly prepared and were no good afier incubation. 



Table 60. Growth of bacteria in bologna forrnulated with 1% (wlw) Alla ~ a t e ~  plus 1000 ppm (wlw) eugenol + 3% (wh)  
potas:iiurn ladate + 0.4% (wiw) disodium pyrophosphate followed by cooking, and stored under vacuum at 8% (treated 
contrc4, uninoculaled). 
- 

Treated (c~ntrol)~ - uninoculaled 

Medl4 - weeks of storege 
O 1 2 3 4 5 6 7 9 11 13 

S P C ~   ND^" ND ND ND ND ND ND ND ND ND' ND 
APV ND ND ND ND ND ND ND ND ND ND' ND 
~5~ ND ND ND ND ND ND ND ND ND N D1 ND 
STM* ND ND ND ND ND ND ND ND ND ND' ND 
VRBG~' NO ND ND ND w ND ND ND ND ND' ND 
a m e r c l a l  bolgona fomulated with 1 % (wlw) Alta MateK plus 1000 ppm (wiw) eugenol + 0.4% (wlw) disodium 
pyrophosphate before cooklng. 

standard plale count agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 
al1 piirpose tween agar, splral plated, anaerobic, 25Oc for 2 days. 

d M5 cigar, splral plated, anaerobic, 25OC for 2 days. 
drefitomycln thallous acetate actidione agar, spiral plated, aerobic 25OC for 2 days. 

' violet bile red glucose agar, spiral plated, aerobic, 35% for 1 day. 
none demonstrated. 
logl~ CFU,C~-', trlpllcate samples in duplicate. 

' logIo C F U . ~ ~ ' ~ ,  dupllcate samples in triplicate. 



Table 61. Growth of beateria in bologna formulated with 1 % (wM) Alta Mate" plus 1000 ppm [wlw) eugenol + 3% 
(wM) potassium lactate + 0.4% (yviw) disodium pyrophosphate fotiowed Dy cooking, lnoçuistlon with Lb. sskei 
and CI:. rnesentemi@s sgp. mesenteroides and stoyed under vacuum al 8% (treated, inpcuiated). - 

Treateda - inocuiatedD 

Med h weeks of storaae 

APP 3.81 5,93 6.44 6.50 6.82 6.46 6.48 6.19 6.43 
M 5' 2.41 5.98 6.55 6.64 6.47 6.44 6.47 6.28 6.41 
STAA" 2,39 5.72 7.26 6.13 5.99 P' 5.71 5.34 5.59 
VRBOP ND' ND ND ND ND ND ND ND ND 
' com~nerc\al bolgona forrnulated with 1% ( w h )  Alta !Maten + 1000 ppm (wiw) eugenol + 0.4% (wM) disodium 
popliosphate + 3% (wiw) potasslum lactate before cooking, 

Inociilated by dipping in a mixlure of Lb. sakei and Lc. mesenteroides ssp. mesenteroides at lo4 ceil~.crn'~ prior 
io packaging. 
standard plate count agar, spiral plated, anaerobic, 25'~ for 2 days. 
ail piirpose tween agar, spiral plated, anaerobic, 25OC for 2 days. 
M5 ugar, spiral plated, anaerobic, 25'~ for 2 days. 

' streptomycin thallous acetate actldione agar, spiral plated, aerobic, 2 5 ' ~  for 2 days. 
violei bile red glucose agar, spiral plated, aerobic, 35OC for i day. 
logIo C F U , ~ ~ ' ~ ,  triplicate samples in duplicate, 

' none demonstrated. 
' STAA plates were improperly prepared and were no good afier incubalion. 



Table 62. Growth of baateria In h m  fomiulated with 1% (wlw) Alla Maten plus 1000 ppm ( w h )  eugenol followed by cooking, and stored 
under vaauum at 8% (untre~tad control, unlnoculaled). 

- .  
Untreeted (control) - uninoculated 

Media w 8 e k ~  of storaae 

APT'> ND ND ND ND ND ND ND ND ND 3.51n 6.98 
~ 5 '  ND ND ND ND ND ND ND ND ND 3.47n 7.22 
STAA' ND ND NP ND ND ND ND ND ND ND" ND 
VRBG? ND ND NP ND ND ND ND ND ND ND' ND 
B d a r c i  plate count agar,'spirai plated, anaerobic, 2 5 ' ~  for 2 days, 

al1 p~rpose tween agar, spiral plated, anaembic, 25Oc for 2 days. 
M5 rigar, spiral plated, anaerobic, 25°C for 2 days. 
' strqitomycln lhallous acetate adidione agar, spiml plated, aerobic 2 5 ' ~  for 2 days. 

vlolel bile red qlucose agar, splral plated, aeroblc, 35% for 1 dey. 
' none demonstrated, 

logi~ C F U , ~ ~ ' ~ ,  tripllcate samples in dupllcate. 
logle C F U . ~ ~ " ,  duplicale samples in tripllcate. 



Table 63. GlowUi of baotgrla in ham f o ~ u l a t e d  w b  1% Alta ~ a t e ~  plus 1000 ppm (wlw) eugenol followed b l  
csokirig, inoçulation with Lb. sakei qnd Lc. mesenteroldes ssp. mesenteroldes and stored under vaauum a@ 8 C 
(untreated, Inoculated). 

Untreated - hoculsteda 

Medla weeks of storaae 

AFP 3S6 7.20 7.37 7,4l 7.38 7.17 7.17 7.04 7.02 
~ 5 '  2.91 7.30 7.61 7.82 7.61 7.47 7.35 7.24 7.23 
STAAa 2.59 7.13 7.32 7.30 7.22 7.01 7.01 6.86 8.83 
VR BG~'  ND^ ND ND ND ND ND ND ND ND 

Ino&(ated by dlpplng in a mixiure of Lb. sakei and Lc. mesenteroides ssp. mesenteroides at 10' ce~ls.crn-~ prlor 
p packa~ing. 

standard plale count agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 
al! prirpose tween agar, spiral plated, anaerobic, 2 5 ' ~  for 2 days. 

* M5 tigar, spiral plated, anaerobic, @ O C  for 2 days. 
sireptomycln thallous acetate actidione aoar, spiral plated, aeroblc, 2 5 ' ~  for 2 days. 

'viole( bile red glucose agar, spiral plated, aerobic, 3 5 ' ~  for 1 day. 
@ logic, C F U , ~ ~ " ,  trlplicate samples in duplicate. 

nonti demonstrated, 



Table W. Growth of bqcteria in ham fomulated wiîh 1 % (wlw) Alta ~ a t e ~  plus 1000 ppm (wlw) eugenol+ 3% (wlw) potassium 
laclNi, foliowed by cookiqg and stored uqder vacuum at 8% (treated control, uninoculated). - 

~reatéd (contr01)~ - uninbculated 

Media - weeks of storage 
O 1 2 3 4 5 6 7 9 11 13 

SPC~  ND^" ND ND ND ND ND ND ND ND ND' ND 
A P ~  ND ND ND ND ND ND ND ND ND ND' ND 
~ 5 *  No ND ND ND ND ND ND ND ND ND' ND 
STMe ND ND ND ND ND ND ND ND ND ND' ND 
VRBG;' w ND NP ND ND ND NO ND ND ND' ND 
~ ~ e r c l ~ l  han) f~rn lu l~ted whh 1'% (w/w) Alla ~ a t e ~  plus 1000 pprn (wM) eugenol before cooking. 

standard plate count agar, spiral plated, anaeroblc, 25'C for 2 days. 
al1 purpose tween agar, spiral plated, anaerobic, 25Oc for 2 days. 
~5 Elgar, spiral plated, anaerobic, 25% for 2 days. 
' slreptomycln thaltous acetate actidione agar, spiral plaled, aerobic 25OC for 2 days. 
'violer bile red glucose agar, spiral plated, aeroblc, 35°C for 1 day. 
a nonci demondrated, 

 log,^ C F U , C ~ ~ ~ ,  tripllcate sarnples in duplicate. 
' loglo C F U , ~ ~ . ~ ,  duplicate samples in triplicate. 



Table ô6. Growth of baateria in han) foqulated whh 1% (wM) Atta ~ a t e ~  plus 1000 ppm (w/w) eugenol + 3% 
(wM) potassium lactate followed by cooking, lnoculstlon with Lb. sgkei and Lo. mesenieroides ssp. 
messr?teroldes and stored under vacuum at 8OC (lreated, Inoculqted). 

Media -- . . weeks of storage 
O 1 2 3 4 5 6 7 9 

SPCC 2.6an 7,01 6.98 7.47 6.72 6.01 6.38 4.30 6.15 
APTQ 3,65 7.09 7.48 7.21 6.69 6.86 6-53 6.26 6.1 5 
M5' 287 7.14 7.70 7.30 6.62 7.00 6.70 6.14 6.03 
STAA' 2,77 7.06 7.23 6,76 5.79 P' 5.88 5.43 4,92 
VRB@ ND' ND ND ND ND ND ND ND ND 

tiorninerbial ham f~mulated wlth 1% (wlw) Alta Maten plus 1000 ppm (whiv) eugenol before cooking. 
hociilated by dlpplng in a mixture of Lb. sakei and Lc. mesentefoldes ssp, mesenteroides at lo4 ce~ls ,cm~~ prior 

p packaglng. 
standard plqte count agar, spiral plated, anaeroblc, 25'~ for 2 days. 

* al1 piirpose Ween agar, spiral plated, anaerobic, 25OC for 2 days. 
M5 agar, spiral plated, anaeroblc, 25OC for 2 days. 

' streplomycln thallous acetate aclidlone agar, spiral plated, aeroblc, 25OC for 2 days. 
O violel bile red glucose agar, spiral plated, aeroblc, 35OC for 1 day. 

logIo C F U . C ~ - ~ ,  trlplicate samples in duplicale. 
' none demonstrated. 
STfW plates were improperly prepered and were no good affer incubation, 



analysed for microbial growth up to week 13, compared to the inoculated untreated and 

treated meats where sampling was halted after week 9. These results were similar to the 

previous combinations where Alta Mat& and eugenol were used at lower 

concentrations. 

it is disappointing that the antimicrobial agents chosen frorn prelirninary tests 

were unsuccessfùl in the present meat mode1 systems. To date there are no scientific 

pubiications on the inhibitory effects of Alta Mat&, and therefore comparisons with 

other research data are not possible. However, the manufacturer insists that Alta Mat& 

is a good antimicrobial agent and that it has worked successfùlly in their laboratones. 

Eugenol, alone and in combination with other antimicrobial agents, in test broth 

has shown some promise in its ability to delay the growth of spoilage microorganisms 

from the work of other researchers (Blaszyk and Holley, 1998). As well, published 

reports have shown that eugenol is effective in inhibiting a broad range of 

rnicroorganisms, both Gram-positive and Gram-negative bacteria in test agar and broths 

(Suresh et al., 1992; lay and Rivers, 1984; Moleyar and Narasimham, 1992; Shelef, 1983; 

Blaszyk and Holley, 1998). Therefore, it was discouraging to find that eugenol was 

unable to inhibit Lc. meseriteroides ssp. mesenteroides and Lb. sukei in bologna and ham 

sausages. 

Disodium pyrophosphate (0.4%) was unable to help inhibit both Lc 

mesenteroides ssp. mesenteroides and Lb. sakei in bologna and ham sausage samples. 

Phosphates in general have been fiequently used in the food industry as processing aids 

or additives, and have recently been evaluated for their antimicrobial properties due to 

their cheIating properties. Marcy et al. (1988) found that 0.4% disodium pyrophosphate 



decreased the viable number of several bacteria compared to the control in cooked 

vacuum-packaged pork sausages heId at refiigerated temperatures for 2 1 d. Differences 

of two log cycles for both the mesophilic and the facultative anaerobic bacteria were 

reported. 

Results of this study indicate that there was no increase in inhibition of Lc. 

mesenteroides ssp. mesenteroides or Lb. sakei with the addition of 3% potassium lactate. 

Therefore, the potassium lactate did not sufficiently delay the growth of either test 

organism. This was unfortunate since Bradford et al. (1993a and 1993b) found that the 

addition of 2% and 3% potassium lactate to typical fiesh pork sausage stored at 5-7'C 

resulted in reduced populations of psychrotrophs and coliforms. They concluded that the 

reduction in microbial numbers was probably due to one or both of two factors; 1) the 

ability of undissociated acids such as potassium Iactate to cross ceIl membranes, 

dissociate and acidifi the ceIl interior, and 2) lactates may reduce water activity which 

would resuIt in decreased microbial numbers. Weaver and Shelef (1993) also fond that 

numbers of L. monocyrogenes cells were suppressed in pork liver samples containing 2% 

and 3% potassium lactate that were held at 5°C for 50 d. 

It should be noted that results fiom bacterial analyses of meat samples were not 

andysed statisticaliy because the only differences between treatments were clear. These 

were with uninoculated treated and untreated meats near the end of storage periods where 

adventitious bactena grew in untreated products. 

It was interesting to monitor both Lc. mesenteroides ssp. mesenteroides and Lb. 

mkei throughout the meat trials on M5 media. Tt was found that both target organisrns 



were able to survive throughout the testing penod with Lb. sahi generally dominating 

throughout the meat trials (Tables 66-69). 



Tabkt W. Nurf~ûeP of Lb, sekel and Lc. mesentwoides ssp. mesenteroides grown on M5 platesb0 froq meat 
lomiilated with 0.5% (ww Alta ~ a t e ~  plus 490 ppm (wlw) eygenol plus 0.4% (wlw) disodlum pyrophosphate and 
stored at 8% for up to 5 weeks. 

- 
Bologna - untreated Bologna - treetèd 

Orgaiiism weeks of storage weeks of storage 
O 1 3 5 O 1 ' 3 '  5 

ib,  ~ i i ke i  3.15 N P ~  6.28 6.95 2.92 ND 6.65 6,85 
Lc. mesenteroldes 2.85 ND 8.28 6.85 2.85 ND 6.76 6.58 

Ham - untreaied Ham - treated 
vyeeks of storage weeks of storage 

O 1 3 5 b 1 3 5 
Lb. Siikûl 3.30 ND ND 5.94 3.08 ND 6.95 6,81 
Lc. mesenteroldes 2.88 - ND ND 6.05 2.88 ND 7.06 638 
a Logl4 C F U , C ~ ~ - ~ .  

plates lncubated al 25% for 2 days. 
a n=B. 
* the l3Xact proportion of each organism not determined, however, Lb. sakei domlnated. 



Tablit 67. Numbef of Lb. sakei and Lc. mesenteroides ssp. mesentmides grown on MS platesm from meat 
fomiilated with 0 3 %  ( w h )  Alta ~ a t e ~  plus 350 ppm (wtw) eugenol plus 0.4% (wlw) disodlum pyrophoaphate plus 
3% (w/w) potassium lactate and stored at 8OC for up to 5 weeks. 
- 

Bologna - untreated Bologna - treated 
Orga~ilsm weeks of storage weeks of storage 

O 1 3 5 O 1 3 '  5 
Lb. whei 2.60 f'Jpd 7.01 6.92 2.71 ).ID 6.41 6.11 
Lc. me~enteroidbs 2.50 ND 0.85 6.81 2.65 ND 6.28 6.11 

Ham - untreatgd Ham - ireated 
weeks of storage weeks of storage 

O 1 3 5 O 1 3 5 
Lb. s+jikei 2.92 ND 6.41 6.28 2.50 ND 7.17 8.98 
Lc. n~esenterQldes 2.81 
P. 

ND 6.41 6.38 2.58 ND 7.35 7.19 
logto CFU,C~' ,  

plates lncubated at 25"C for 2 deys. 
n=8, 

" lhe )exact proporlion of each organism no1 detenlned, however, Lb. sakei dominated. 



Tablia 88. N~mbef of Lb, sakei and Lc. mesenteroides ssp. mesenteroldes grown on M5 platesbD from meat 
formulated with 1 % (wM) Alla  ale^ plus 1000 ppm (MW) eugenol aod stored al 8 ' ~  for up ta 9 weeks. 

-. 
Bologna - untreated 

Organlsrn weeks of storage 
O 1 2 3 4 5 6 7 9 

Lb. sakei 2.76 NDe 7.24 7.06 7.01 7.17 6.85 6.81 6.65 
Lc. niesenferofdes 131 ND 8.41 6.41 6.41 6.28 6.50 6.28 6.1 1 

Bolognad - treated 
weeks of storage 

O 1 2 3 4 5 6 ' 7  8 
u. sahel 2.98 ~JD 8.81 8-58 6.65 6.28 6.85 6.50 6.1 1 
Lc. niesenieroides 1 .ll ND 8.1 1 6.11 6.1 1 5.81 5.81 5.81 5.81 

Ham - untreated 

- weeks of storage 
O 1 2 3 4 5 ' 6 '  ' 7  9 

Lb. sakei 2.71 ND 7.42 7.47 7.37 7.32 6.85 7.06 6.76 - . . 
Lc. niesenieroides 1 3 1  ND 8.85 6.92 6.88 6.82 6.65 6.50 6.50 

Ham - treated 
weeks of storage 

O 1 2 3 4 5 6 7 9 
Lb, sakei 2.58 ND 7.37 7.52 7.32 6.98 6.28 5.65 5.41 
Lc. niesenteroldes 1.81 ND 6.85 8.88 6,81 6.41 5.81 5,25 4.88 
' log,, C F U . ~ ~ . ~ .  

plat@s lncubated al 25'C for 2 days. 
O n=6. 
dforniulated wlth the addition of 0.4% (w/w) disodium pyrophosphate. 

the sxact proporilon of each organism no1 determined, however, Lb. sakel dominated. 



tabli! 69. Nuhbe? of Lb, sakei and Lc. mesenteroides ssp. mesentemides grswn on M5 platesLw from meqt 
fomiilated with 1 % (wlw) Alta ~ a t e '  plus 1000 ppm (w/w) eUgenOl plus 3% (W) potasdum lactete and stored at 
8°C for up t~ Q weeks, 

Qolo~na - yntreated 

Lb, 
Lc. 

Lb, 
Lc. 

Organlsm weeks of storage 
' O 1 2 3 4 5 .6 7 9 

weeks of storage 
O '  1 2 3 4 ' 5  '6  7 9 

Ham - untreated 

- weeks of storage 
0 1 2 3 4 5 8 " ' 7  9 '  

Lb, slikei 2:90 7.18 ' 7.47' 7.49 7.46 7.22 7-19 7,08 7.06 

Ham - treated 
weeks of storage 

O 1 2 3 4 5 6 7 9 
Lb. s,ik8/ 3.5 7.04 7.58 7.13 6.41 6.85 6.50 6.1 1 7.17 
Lc. nresenteroides 2.28 6.41 - 7.08 6.76 6.1 1 6.50 6.28 5.81 6.92 
IoQ,, C F U . ~ ~ ' ~ .  
platvs lncubated at 25% for 2 days. 
n=6 
forniulated wilh the addition of 0.4% (wlw) disodlum pyrophosphale, 
' the exacl proportion of each organism no1 delermined, however, L h  sekei domlnated. 



CBAPTER 5 

CONCLUSIONS AND RECOMMENDATiONS 

Initial trials with liquid smoke, horseradish oil, eugenol, potassium lactate, Aita@ 

2341, polyphosphoric acid and Lauricidina conducted in test tubes containhg MRS 

broth resulted in inhibition of both Lc. mesenteroides ssp. mesenteroides and Lb. saki .  It 

was concluded that the polyphosphoric acid with a pH 4 . 8 0  was responsibIe for the 

inhibition and that the other antimicrobials added had little or no effect on inhibition. 

Growth inhibition tests revealed that Lauricidin@ and AIta Mat& at W C  were 

not a compatible combination since white pellets (or viscous liquid) were produced at the 

bottom of the microtitre plate wells which probably affected antimicrobial activity. It 

was concluded that Alta Mat& and Lauricidind3 interacted to produce the insoluble 

material, but this has not been fùrther studied. 

Agar spot, well dimision, and disc assay tests failed to provide significant 

information on the antimicrobials tested. Problems ranged tiom the volatility of some 

antimicrobiai agents used to the inability of the antimicrobiais to diffise through the agar. 

These tests also failed to vaiidate results obtained fiom other such tests like spirai 

gradient endpoint (SGE) antimicrobial susceptibility and the broth tube tests. 

.htimicrobiai agents such as Lauricidin@, disodium pyrophosphate, Alta Mat&, 

Ahad3 2341, eugenol EDTA, phosphate glass, and potassium lactate were tested alone 

and in combination against Lc. mesenteroides ssp. mesenteroides and L h  sakei using the 

SGE antimicrobial susceptibility test at 8°C and 25°C. The tests were conducted on MRS 

agar suppiemented with 2.5% NaCl and 100 ppm NaNOz to rnirnic, a s  dose as possible, 



conditions in cured meats. The dominant antimicrobial agent that seemed to be most 

effective against the microorganisms was probably Alta M a t a .  However, preliminary 

tests were not done using Alta Mat& alone (in broth trials, other inhibitors used 

increased the effectiveness of Alta Mat&). Problems arose with the use of Launcidina 

during testing because it becarne insoluble (formed a thick white viscous liquid) either 

within the stylus of the spiral plater or on the MRS agar at 8°C. Therefore, further tests 

were halted due to inaccurate test results. Tt was conduded that Alta M a t a ,  eugenol, 

disodium pyrophosphate and potassium lactate were most effective against both 

organisms and were chosen for use in bologna and ham simples. 

The results in the meat triais reveaied that combinations of 0.5-1% (w/w) Alta 

Mat&, 350,400 and 1000 (wlw) ppm eugenol, 0.4% (wlw) disodium pyrophosphate and 

3% (wIw) potassium lactate did not inhibit the growth of inoculated Lc. mesenteroides 

ssp. mesenteroides and Lb. mkei. However, these combinations did inhibit the natural 

microflora present. It was difficult to determine whether eugenol was able to inhibit 

either Lc. mesenteroides ssp. mesenteroides or Lb. d e i  in meat trials because eugenol is 

somewhat volatile and could have volatilised during cooking. This was unlikely though, 

because meats were vacuum-packaged before cooking and there was no indication by 

smell that this happened. However, preliminary tests showed that eugenol was an 

effective antimicrobial agent and appeared to interact positively with Alta M a t a  against 

both Lc. mesenteroides ssp. mesenteroides and L6. snkei. 

When ham sausages were prepared, it was found, visually, that the colour of the 

emulsions was slightiy bleached when the antimicrobials were added and mixed 

thoroughly with batter, cooked and stored at 8°C. This may not be appeding to 



consumers since the treated ham was visually more homogenous in appearance, much 

Iike light coloured bologna. The extra manipulation during treatment addition tended to 

d u c e  the size and obscure the chunks of harn and veins of fat that are usuaIIy noticeable 

in chopped ham slices used for sandwich meat. It is Iikely that consumers wouid 

consider the appearance of treated ham less desirable. However, the addition of 

antimicrobials to bologna did not aiter the colour of the emulsion visually. M e n  the 

Miniscan spectrocolourimeter was used to determine colour accurately, it was found that 

there were significant differences in colour when both bologna and h m  samples were 

treated with the antirnicrobiais. As well, the addition of 3% (w/w) potassium lactate to 

bologna and hm samples treated with 1% (wlw) Alta Mat& plus 1000 ppm (wlw) 

eugenol caused the bologna samples to become slightly darker and ham samples to 

initially become lighter in colour compared to samples without any treatment. Upon 8OC 

storage, a bleaching effect occurred in ham treatments that may have been the remit of 

the extra chopping step used in preparation of the treated h m  samples, or it may have 

been due to addition of Alta Mate@ andior eugenol. 

Both pH and a, were studied during the course of this work. As expected the pH 

of inoculated untreated and treated bologna and ham sausage samples decreased due to 

the presence of both Le. mesenreroides ssp. mesenreroides and Lb. sakei. There was a 

very slow decline in pH of uninoculated untreated and treated sausage sarnples which 

was aiso expected since only the naturd microflora was present. The a, of ham was 

significantly lower when 3% (w/w) potassium lactate was added to sampIes with 

combinations involving Alta Mate@, eugenol, and disodium pyrophosphate. BoIogna a, 



was slightly lower with the addition of 3% (w/w) potassium lactate but the difference was 

not significant. 

Visual and odow analyses were aiso canied out at each week during the shelf-life 

period. It was concluded the samples did not differ fiom week to week visualIy, 

however, the odour increased as the storage interval increased and was probably related 

to the increased levels of Lc. mesenteroides ssp. mesenteroides and Lb. saki (or spoilage 

organisms). 

Throughout the meat trials, both Lc. mesenteroides ssp. mesenteroides and Lb. 

d e i  found in the bologna and ham sarnples were plated on M5 medium. Both Lc. 

mesenteroides ssp. mesenteroides and Lb. sakei contributeci to spoilage, with Lb. d e i  

being the dominant microorganism in combinations consisting of 1% (wlw) AIta Mate@, 

1000 ppm (wlw) eugenol, 0.4% (wlw) disodium pyrophosphate and 3% (wlw) potassium 

lactate. in samples treated with 0.5% (wlw) Alta M a t a ,  350 or 400 ppm (wlw) eugenol, 

0.4% (wlw) disodium pyrophosphate and 3% (wlw) potassium lactate Lb. sakei was not 

dways the dominant rnicroorganism. 

Recommendations for further research based on results from this study include: 

Apply antimicrobial agent(s) to an edible gel or coatings, or embed into packaging 

fiim which may provide barrierhurdles to reduce the incidence of pathogenic or 

spoilage bacteria on surfaces of both raw and cooked meat products. 

Explore other antimicrobiai agents such as chitin, chitosan and their derivatives in: 

preliminary tests; edible films and coatings; meat mode1 system(s). 



Apply volatile antimicrobial(s) to a "soaK' pad that is located between the oxygen 

banier film and the raw meat product to limit the surface bacteria and to prolong the 

shelf-life of these products. 

Explore other possibilities in testing LauricidinB plus other lipophilic natural 

antimicrobial plant extracts and spice oils in preliminary tests that would be 

applicable in meat model systems. 

Explore the possibility of treating m a t  products with bacteriocins that have an impact 

on spoilage microorganisms, especially lactabacilii. 

Explore the idea of combining naturai antimicrobials and thermal treatments 

(performed after packaging) that would be applicable in meat model systems. 
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Appendices 



Appendix 1. Chemicals 

Chernicals Manufacturers 
BBL - Becton Dickinson and Co., Trypticase peptone 
Cockeysville, MD 

Yeast extract 

Agar granulated 

Tween 80 (polysorbate 80 USP) 

Fructose (CSHI2o6) 

D-(+)-g lucose (C& ,O6) 

Potassium dihydrogen phosphate 
(KH2PO4) 

Dipotassium hydrogen phosphate 
(K2HP04) (dibasic) 

Magnesium sulphate 
(MgS04.7H20) 

Manganese sulfate (MnSO,. H20) 

Sodium hydroxide (NaOH) 

Hydrogen peroxide (3% U.S.P.) 
(H202) 

Sodium chloride (NaCI) 

Sodium nitrite (NaN02) 

Sigma-Aldrich Canada, Oakville, ON 

BBL - Becton Dickinson and Co., 
Cockeysville, MD 

Fisher Scientific Canada Inc., Nepean, ON 

Mallinckrodt Specialty Chemicals Co., 
Paris, KT 

Sigma-Aldrich Canada, Oakville, ON 

Mallinckrodt Specialty Chemicals Co., 
Paris, KT 

Mallinckrodt Specialty Chemicals Co., 
Paris. KT 

Mallinckrodt Specialty Chemicals, Co., 
Paris, KT 

Mallinckrodt Specialty Chemicals, Co., 
Paris, KT 

Mallinckrodt Specialty Chemicals, Co., 
Paris, KT 

Life Brand - Extra Foods Grocery, Winnipeg, 
MB 

Sigma-Aldrich Canada, Oakville, ON 

J. T. Baker Chemical Co., Phillipsburg, NJ 

P hytic acid Sigma-Aldrich Canada, Oakville, ON 



Appendix 1. Chernicals (continued) 

Chernicals Manufadurers 
L-cysteine hydrochloide Sigma-Aldrich Canada, Oakville, ON 

Whey protein (Lot # R0031) Inovatech, Winnipeg, MB 

Calcium pantothenate Sigma-Aldrich Canada, Oakville, ON 
(Cl 8H32CaN2010) 

Bromcresol gfeen sodium Sigma-Aldrich Canada, Oakville, ON 
ACS reagent 
( G l  Wr405SNa) 

Light mineral oil (Paraffin oil, light) Mallinckrodt Specialty Chemicals, Co., 
Paris. K 

Disodium ethylenediamintetracetate Fisher Scientific Canada Inc., Nepeean, ON 
(EDTA) (Nâ2ClaH1408N2.2H20) 

Morpholinoethane sulphonic acid 
(MES enzyme grade) 

Disodium pyrophosphate, 
practical grade (Na2H2P207) 

Sodium tripolyphosphate 
(N~P3010) 

Allyl isothiocyanate (95%) 
(H2C=CHCH2NCS) 

Propylene glycol, USPF CC 

Phosphate glass, pradical grade 

Fisher Scientific Canada Inc., Nepean, ON 

Sigma-Aldrich Canada, Oakville, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Sigma-Aldrich Canada, Oakville, ON 

Sigma-Aldrich Canada, Oakville, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Sigma-Aldrich Canada, Oakville, ON 



Appendix 1. Chemicals (confinued) 

C hemicals Manufacturers 
Cycloheximide from Sigma-Aldrich Canada, Oakviile, ON 
Streptomyces gnseus 
( C 1 5 ~ ~ ~ 0 4 )  

Potassium phosphate (KH2P04) 
(monobasic-anhydrous) 

Thallium (1) acetate 
(TIC2H302) 

Streptomycin sulfate 

0-pantothenic acid hemicalcium 
(CgHlgN05. 112Ca) 

Glycerol ACS reagent 

Tryptone peptone 

~auricidin~ (Lot no. 71 1 12) 

~ l t a ~  2341 (code 45-046) 

Alta ~ a t e ~  (manuf. Date 10 Jun 99) 

Potassium lactate (85% vlv) 

Poiyphosphoric acid (H3P04) 

Aro-smoke P-50 liquid smoke 

Potassium hydroxide (KOH) 

Immersion oil 

Sigma-Aldrich Canada, Oakville, ON 

Sigma-Aldrich Canada, Oakville, ON 

Sigma-Aldrich Canada, Oakville, ON 

Sigma-Aldrich Canada, Oakville, ON 

Sigma-Aldrich Canada, Oakville, ON 

Difw Laboratories, Detroit, MI 

Technology Exchange, Inc., Galena, IL 

Rector Foods Ltd., Mississauga, ON 

Rector Foods Ltd., Mississauga, ON 

Canada Compound Western Ltd., 
Winnipeg, MB 

Sigma-Aldrich Canada, Oakville, ON 

Red Arrow Products Company, Inc., 
Manitowc, WI 

Mallinckrodt Specialty Chemicals Co., 
Paris, KT 

Fisher Scienftific Canada Inc., Nepean, ON 

Ethanol(95%) Commercial Alcohois Inc., Toronto, ON 



Appendix 2. Media and reagents 

Medidreagents Manufacturers/References 
Lactobacilli MRS broth (dehydrated) Oifw Laboratories, Detroit, MI 

All purpose M e n  broth (APT) BBL - Becton Dickinson and Co., 
CockeysviIle, MD 

All purpose b e n  agar (APT) BEL - Becton Dickinson and Co., 
Cockeysville, MD 

M5 agar Zuniga et al., 1993 

Standard methods agar (WC) BBL - Becton Dickinson and Co., 
Cockeysville, MD 

Violet red bile agar (VRB) BEL - Becton Dickinson and Co., 
Cockeysville, MD 

Streptornycin thallous acetate GiIl and Greer, 1993 
actidione agar (STAA) 

Agar granutated BBL - Becton Dickinson and Co., 
Cockeysville, MD 



Appendix 3. Supplies and instruments 

Supplieslinstniments Manufacturers 
Seward medical stomacher bags Seward laboratory, London, UK 
(1 77x304 mm) and Stomacher 
lab-blender (model 400) 

pH Accumet Basic Microprocessor 
pH/mVi C meter 

0.05-1 0, 0.1-1 0, 1-1 00, and 
100-1 000 ul Eppendorf reference 
pipetters and pipette tips 

Vortex Genie-2 mixer 

BBL GasPak CO2 atmosphere 
anaerobic system (including jars, 
disposable GasPak Plus envelops 
with palladium catalyst and 
disposable anaerobic indicators) 

Quebec dark-field colony counter 

Microscope slides and wver giass 

API 20 E System kit 

Deli #l high-O2 barrier pouches 
(polyvinylediene chloride (PVDC)) 
(25 x 35 cm) 

Bizerba vacuum packager 
(model GM 2002) 

Zeiss universai research 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Becton Dickinson and Co., Cockeysville, MD 

American Optical Scientific Instrument 
Division, BuffaIo, NY 

Fisher Scientific Canada Inc., Nepean, ON 

bioMerieux Vitek, Inc., Hazelwood, MO 

Winpak Inc., Winnipeg, MB 

Bizerba Canada, Inc., Mississauga, ON 

Car1 Zeiss lnc., Oberkochen, Germany 
microscope (model 0-7082) 



Appendix 3. Supplies and instruments (mntinued) 

Supplieslinstruments Manufacturers 
96-wll Falcon 3072 Microtest III Becton Dickinson and Co., Lincoin Park, NJ 
tissue culture plates 

Test tubes (20x125 mm) 

Cotton swa b applicators 

Petri Dishes 
(1 00x1 5 mm and 150x1 5 mm) 

Autoclave Bags 
(8x1 2 cm and 12x24 cm) 

BBL-Blank sterile discs 
(6.35 mm in diameter) 

Small latex NDPR texture gloves 

WVR polystyrene beaker cups 
(5 ml) 

Sterile indicator tape (314x500) 

Magna nylon membrane filters 
(25 mm with 0.22 um pore size) 

Larninar flow hood 
(model W6MW97T) 

1 Occ. Syringe 

Corning hot plate stirrer 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

W R  Scientific of Canada Ltd., London, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Fisher Scientific Canada Inc., Nepean, ON 

Canadian Cabinets Company, Ltd., 
Nepean, ON 

Becton Dickinson and Co., Lincoin Park, NJ 

Fisher Scientific Canada Inc., Nepean, ON 
(model PC-351) 



Appendix 3. Supplies and instruments {continued) 

Supplies/instruments Manufacturers 
Anaerobic incubator chamber National Appticance Co., Portland, Oregon 
(model 3640-6) with CO2 
gas and mixture of WeIders Supplies Ltd., Winnipeg, MB 
30:70 CO2 and N, gas 

Rotary shaker 
(model OS31 ) 

Fermentation Design Inc., Allentown, PA 

New Brunswick scientific rotary New Brunswick Scientific, 
shaker New Brunswick, N. J. 
(madel G-33) 

Hog rings (318") Canada Compound Western Ltd., Winnipeg, 
ME 

Student grade Whatman filter paper Fisher Scientific Canada Inc., Nepean, ON 
(12.5 cm) 

Miniscan spectrocolourimeter 
(model MS-4500L) 
with plexy glass plates 

Hobart mixer (model A-200) 

Groen steam kettles 
(models D-10 and D-30) 

Sausage stufFer (9 litre) 
(model FD. 29A 38) 

Liquid petrolaturn spray ( 

Hunter Associates Lab Inc., Reston, Virginia 

The Hobart Manufacturing Co., Troy, OH 

Groen Division Corporation, 
Elk Grove Villagn, IL 

F. Dick Grnbh, Germany 

) The Haynes Manufacturing Co., 
Cleveland, OH 

 uto op la te? 4000, mmputer system Spiral Biotech, Inn, Bethesda, MD 
with scanner and CASBA 4 software 



Appendix 3. Supplies and instruments (continued) 

Supplieslinstruments Manufacturers 
Microwell titre plate reader Bio-Rad Laboratories, Hercules, CA 
(model 450) and software (version 
4.2, single wave length at 655 nm) 

Food chopper (model 841 42) 

Casing clipper 

Dry-type bacteriological wuntertop 
incubator (model 1 OOA) 

CO2 countertop incubator 
(model 3029) 

Screw cap tubes 

Pasteur pipettes 

Decagon Aw machine (model CX-1) 
with plastic sample wps 

Brinkmann multichannel 
transferpette pipetter (5-200 ui) 

JMP start statistics software 

Chopped ham and bologna meat 

Hog casings (28-30 mm) 

Kim wipes 

Twist stopper (model M668) 

Food Cutter, Don Mills, ON 

Republic Fastener Products Corp. 

Blue M Electric Co., Blue Island, IL 

Forma Scientific, Marietta, OH 

Fisher Scientific Canada, Nepean, ON 

WVR Scientific of Canada Ltd., London, ON 

Decagon Devices Inc., Pullman, WA 

Fisher Scientific Canada, Nepean, ON 

SAS Institute Inc., Belmont, CA 

Maple teaf Meats Winnipeg Ltd., Winnipeg, 
MB 

Canada Compound Western Ltd., Winnipeg, 
MB 

Fisher Scientific Canada, Nepean, ON 

Fisher Scientific Canada, Nepean, ON 

Vaw-guard filters Fisher Scientific Canada, Neapean, ON 



Appendix 4. Standard procedures for LAI3 strain maintenance (Adopted from G. E. 
Millard, Centre for Food & Animal Research, Agriculture and Agri-Food Canada, 
Ottawa). 

1. Grow culture 24-48 hr. using MRS broth anaerobicalIy at 25°C. 

2. Streak for purity. Examine for morphology, Gram reaction (3% KOH), catalase (3% 
H202). Re-isolate bac k to broth for a second period of growth. 

3. Centrifuge the second culture. 

4. Decant the supernatant and resuspend the pellet in 1.5 mi fresh broth. 

5. Add 0.75 ml filter sterilized giycerol(50% v/v) and mix thoroughly. 

6. Add 0.3 ml of the fina1 suspension to each of six labelled cryogenic vials. 

7. Freeze at -85OC. 

8. Check resuscitation of one vid afler more than 3 0  days storage, and if successtùl 
store remaining vials in coded containers at -85°C indefinitely. 



Appendk 5. Odour developrnent of bologna and harn samples with and without 0.5% (wlw) 
Ana ~ a t e ~  + 400 ppm ( w h )  eugenol + 0.4% (wM) disodium pyrophosphate during storage at 8°C. 

TreatmentMleek(s) O 1 3 5 9 
Bologna-untreated-uninoculated 
Bologna-untreated-inoculated NIA 
Bologna-treated-uninoculated 
Bologna-treated-inoculated x" NIA 
Ham-untreated-uninoculated 
Ham-untreated-inoculated NIA 
Ham-treated-uninoculated 
Ham-treated-inoculated X N A  
X Sour odour present upon opening bag. 
a vacuum lost within bag prior to opening. 
NIA not available; inoculated sarnples were spoiled at week 5, therefore. the bags were not 
analysed for odour. 



Appendix 6. Odour development of botogna and ham samples with and without 0.5% (wh) 
Alta hlateR + 350 ppm (wh) eugenol + 0.4% (whv) disodium pyrophosphate + 3% (wh) potassium 
lactate during storage at 8OC. 

a NIA 
a 

a NIA 
a 

Ham-treated-inoculated x" NIA 
X sour odour present upon opening bag. 

vacuum lost within bag prior to opening. 
NIA not available; inoculated samples were spoiled at week 5, therefore, the bags were not 
analysed for odour. 





Appendix 8. Odour development of bologna and ham samples with and without 1% (wlw) Alta ~ a t e '  + 
1000 ppm (wh) eugenol + 0.4% (wh) dlsodium pyrophosphate + 3% (w/w) potassium lactate during 

q XE X X' Xe XE NIA NIA 
X 

X X" X Xn X' X' N/A NIA 

Ham-treated-inoculated X XE XE XE X' NIA N/A 
X Sour odour present upon opening bag. 

- ~ 

vacuum tost within beg prior to opening. 
NIA not available; inoculated stimples were spoiled at week 9, thetefore, the bags were not analysed for 
odour. 



Appendix 9. Changes in bologna pH following formulation with 0.5% (wlw) 
Alta ~ a t e ~  + 400 ppm ( w h )  eugenol + 0.4% ( w h )  disodium pyrophosphate 
during storage at 8OC under vacuum. 

Bologna 
Week O 1 3 5 9 

Treatment 
Controle un-inoc. 6 . ~ 8 ~  6.38 6.53 6.27 5.51 
Control i n ~ c . ~  6.31 5.78 5.43 5.38 
Treated un-inoc. 6.30 6.37 6.52 6.52 6.37 
Treated inoc. 6.31 5.86 4.78 4.53 
a commercial formulation with no additions. 

n=2. 
inoculated with an equal mixture of Lb. sakei and Lc. mesenteroides ssp. 
mesenteruides cells to yield 3 log C F U . C ~ - ~ .  



Appendix 10. Changes in ham pH following formulation with 0.5% (wfw) 
ARa hlateR + 400 ppm (wh) eugenol + 0.4% (wtw) disodium pyrophosphate 
during storage at a°C under vacuum. 

Ham 
Week O 1 3 5 9 

Treatment 
Controla un-inoc. 6.50~ 6.53 6.65 6.63 6.46 
Control 6.46 6.23 5.77 5.54 
Treated un-inoc. 6.49 6.49 6.57 6.58 6.44 
Treaied inoc. 6.44 5.75 4.98 4.98 
" commercial formulation with no additions. 

n=2. 
inoculated with an equal mixture of Lb. sakei and Le. mesenferoides ssp. 
mesenieroides cells to yield 3 log CFU.C~**. 



Appendix 11. Changes in bologna pH follom'ng formufation with 0.5% ( w h )  
Alta ~ a t e ~  + 350 ppm (wlw) eugenol + 3% (wh) potassium lactate + 0.4% 
(wiw) disadium pyrophosphate during storage at a°C under vacuum. 

Bolog na 
Week O 1 3 5 9 

Treatment 
Controf un-inoc. 6.32' 6.62 6.54 6.43 6.35 
Control inocc 6.36 5.88 5.37 5.1 1 
Treated un-inoc. 6.11 6.30 6.29 6 .26 6.24 
Treated inoc. 6.15 6.18 5.13 5.06 

commercial formulation with no additions. 
b n=2. 

imlated wiîh an equal mixture of Lb. sakei and Le. mesenteroides ssp. 
mesentemides cells to yield 3 log CFU.C~-'. 



Appendix 12. Changes in ham pH following formulation with 0.5% ( w h )  
Alta IMateR + 350 ppm (wiw) eugenol + 3% (wlw) potassium lactate + 0.4% 
(wh) disodium pyrophosphate during storage at 8 ' ~  under vacuum. 

Ham 
Week O 1 3 5 9 

Treatrnent 
Control" un-inoc. 6.5gb 6.75 6.47 6.1 7 6.1 1 
Control inoc.' 6.60 6.44 5.77 5.49 
Treated un-inoc. 6.53 6.67 6.60 6.53 6.44 
Treated inoc. 6.51 6.21 5.17 5.05 
" commercial formulation with no additions. 

n=2. 
' inoculated with an equal mixture of Lb. sakei and Lc. mesenteroides ssp. 

mesenteroides cells to yield 3 log CFU.C~-'. 



Apptindix 13. Changes In bologna pH following forrriulalion with 1% (wlw) altarnateR + 1000 ppm (wiw) eugenol .t 0.4% (w/w) dlsodlum 
pyrophosphate during storage at B*C undar vacuum. 

-, , 
Bologne 

Weelr O 1 2 3 4 5 6 7 9 il 13 

Treatment 
7. 

Contiol uninoc. 6.64" 6.55 8.51 6.44 6.45 6.40 6.45 6.46 6.47 6.42' 6.41 
~ o n t i o l  lnoceb 6.65 6.28 5.26 5.09 4.73 4.44 4.45 4.65 4.46 
Treated unlnoc, 6,31 6.14 6.27 6.23 6.24 6.21 6.19 6.24 6.20 0.25' 8 .26 
Treated Inoc. - 6,32 6.20 5.73 4.82 4.69 4.50 4.34 4.38 4.24 
" n=3, 

inoc;ulated with an equal mlxlure of Lb. sahei and Lc. mesenteroides cells !O yleld 3 log CFU .cm", 
O n=2, 



Appsndiw 14. Changes ln hem pH following formulatlon with 1% (wiw) altamateR + 1000 ppm (wlw) eugenol during storage at a°C under vacuum. 

- Ham 
Wet?l~ O 1 2 3 4 5 6 7 9 11 13 

Treal ment - 
~onti'ol' uninoc. 6.6gb 6.60 6.58 6.51 6.52 6.48 6.41 6.47 6.47 6 .06~  6.06 
Control inoc? 6.73 6.1 7 5.09 5.00 5.17 4.97 4.98 4.97 4.93 
Trealed uninoc. 6.72 6.60 6.59 6.52 6.52 6.47 6.44 6.49 6.46 6.52d 650 
Trealed inoc, -, 6.71 6.51 6.21 6.00 6.06 5.43 4-88 4.49 4.30 
a corrimercial formulalion with no additions, 

n=3, 
O inoculated with an equal mixture of Lb. sakei and Lc. mesenteroides cells to yield 3 log CFU.C~-'. 

n=2, 



Appendix 16. Changes in b0f0gna pH following formulation wlth 1 % (wiw) Alta ~ a t e ~  + 1000 ppm (wiw) eugenol + 3% (wtw) potassium lactate + 
0.4% (wM) dlsodlum pyrophosphate during storage at 8OC under vacuum. 

Treatment - 
Control unlnoc. 6.40" 6.47 8.48 6.46 6-39 6.38 6.53 6.47 6.43 8.43' 6 -42 
~ontrol inocTb 6.48 6.15 5.28 4.87 4.95 4.69 4,75 4.88 4,58 
Treated unlnuc. 6.22 6.20 6.17 6.19 6.17 6.18 6.21 6.19 6.23 6.24' 6 -22 
Treat,ed Inoc. - 6.14 6.15 5.97 5.56 5.09 5.09 5.04 4.95 4.97 
' n=3. 

inoculeted wlth an equal mixture of Lb. sakei and Lc. mesenteroides ssp. mesenteroides cells to yield 3 log CFU.C~~* .  
n=2 



Appendix 16. Changes in hem pH following formulation wlth 1% ( w h )  Alta ~ a t e ~  + 1000 ppm (wiw) eugenol + 3% (wlw) potassium lactate 
during storage at 8OC under vacuum. 

-. Ham 
Week. O 1 2 3 4 5 6 7 9 11 13 

Contwl Inoc.' 634  5.90 5.03 5.04 4.99 4.99 5.00 4.95 5.07 
Treatisd uninoc. 6.53 6.53 6.52 6.50 6.46 6.46 6.48 6.45 6,5 6.521~ 6-52 
Treatisd inoc. - 6.52 6.47 6.13 6.07 5.78 5.34 5.02 4.76 4.72 
@ commercial formulation with no additions. 

nr3. 
O inoculated with an equal mixture of Lb. sahei and Lc. mesenteroides ssp. mesenferoldes cells to yield 3 log CFU.C~'* .  

n=2. 




