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ABSTRACT 

IDENTIFICATION OF CONTAMINATION SOURCES OF BACILLUS CEMUS 

IN PASTEURIZED MILK 

Shirley Lin 
University of Guelph, 1997 

Advisor: 
Dr. M. W. Griffiths 

This research investigated the potentiai of Fourier transform infrared spectroscopy 

(FTIR) and the Microbial Identification System (MIDI) to rapidly ident0 Bacillus cerew 

and to trace the sources of B. cereus in pasteurized rnilk. Ten B. cereus strains tested 

produced identical characteristic infrared absorbance peak between wavenumbers 1738- 1740 

cm-' on brain heart infusion(BHI) and trypticase soy agar(TSA) by using FTIR. The specific 

infrared absorbance peak can be used to differentiate B. cereus from other bacteria. 

A total of 232 miUc samples and 122 environmental swabs were collected in two dairy 

plants between March and September 1996. The incidence and the average counts of B. 

cereus in the positive heat-treated raw rnilk, pasteurized milk and final products were over 

80% and 1.1 x 16 CFU/ml, respectively, after enrichment at 8 OC for 14 days. A total of 546 

B. cereus isolates from 183 milk samples and 3 environmental swabs were classified by their 

fatty acid profiles using MIDI. The results suggested that the B. cereus spores in raw milk 

were the major source of B. cereus in pasteurized rnilk and the post-pasteurization 

contamination from the dairy environment was possibly another minor source of B. cereus 

in pasteurized milk. 
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1.1. Taxonomy and characteristics of Bacillus species 

The genus of BaciIlus. established in 1872 by Ferdinand Cohn, belongs to the family 

BACIUACEAE (Claus and Berkeley, 1986). The charactenstics of species and strains in 

this genus are very varïabIe and they exhibit a wide range of growth properties, from 

psychrophilic to thermophilic and from acidophilic to alkaliphilic. The optimum growth 

temperature is from 30°C to 37°C for most Bacillus strains, from 45°C to 75°C for 

thermophilic strains and from -5°C to 2S°C for some psychrophilic strains (Gordon, 1989). 

Bacillus species can survive a wide range of pH conditions, Fom 2 to 1 1, and grow under 

either aerobic or facultatively anilerobic conditions (Claus and Berkeley, 1986). Their ability 

to form spores is one of the most important characteristics of membecs of the genus Bacillus 

(Gordon et al., 1973). 

Bacillus species can be divided into three broad groups based on the morphoIogy of 

the spore and sporangium swelling (Smith et al., 1952; Gordon et al., 1973). Group 1 mainly 

consists of B. cereus, B. mycoides, B. thunhgiensis and B. anthracis. This group produces 

central or terminally-sited ellipsoid or cyIindrical spores that do not distend the sporangia. 

The vegetative ce11 is s 1 pm long and Gram-positive (Krarner and Gilbert 1989; Turnbufl 

et al., 1990). B. cereus, B. mycoides. B. thuringiensis and B. anthracis together are usually 

refereed to as B. cereus group. Group 2 includes B. citculanr, B. macerans, B. polymyxa, B. 

popillae, B, larvae, B. lentimorbus, B. alvei, B. stearothemophilus and B. brevis. Members 

of this group are Gram-variabIe and have swollen sporangia with central or terminal ellipsoid 



spores. Group 3 is the most fastidious and the morphology is easier to distinguish from other 

Bacillus species. Their spores are located within swollen sporangia (Gordon, et al, 1973; 

Smith, et al, 1952; Turnbull and Krmer, 1991; Tumbull et al., 1990). 

B. cereus is the k s t  known species of the B. cereus group. it can grow over a 

temperature range from 5 to SOC, with an optimum around 28°C-35°C a pH range 5-9 and 

a water activity (aw) greater than 0.94 (Van Netten and Krarner, 1992). Differentiation of B. 

cereus from other species in the B. cereus group using biochemical and molecuiar 

characteristics is difficult. The fatty acid composition of B. cereus, B. mycoides and B. 

thuringiensis is similar and it can not be used to differentiate them (Vaisiinen et al., 1991). 

Serological smdies have indicated significant cross-agglutination between spore antigens of 

B. cereus, B. anthracis and B. rhuririgiensis (Noms and Wolf, 196 1; Krarner and Gilbert, 

1989) and between the flagella antigens of B. cereus and B. thuringiensis (Turnbull et al., 

1990). The close relationship between these species has also been emphasized by enzyme 

electrophoretic patterns and numerical phonetic analysis (Baptist et al., 1978; Priest, 1988; 

Zaher, et al., 1989; Carlson et al., 1994). Neither pulsed-field gel electrophoresis (PFGE) nor 

multi locus enzyme electrophoresis (MEE) analysis can distinguish between B. cereus and B. 

thuringiensis (CarIson et al., 1994). DNA-DNA hybridization studies suggest that 

considerable chromosomal similarity exists between B. anthracis and some non-anthrax 

Bacillus species (Somerville and Jones, 1972; Seki et al., 1978). Sequence analysis has shown 

that 94% of 16s rRNA gene sequences between B. anthracis sterne and B. cereus emetic 

strain NCTC 1143 are identical (Ash and Collins, 1992). Analysis of a 23s rRNA gene 

sequences derived from PCR amplification of chromosomal DNA of B. anthracis and an 



emetic strain of B. cereus have also indicated that they are almost identical (Ash et al-, 1991). 

Therefore, it has been proposed that B. mycoides, B. thuringiensis and B. anthracis are 

variants of B. cereus by some taxonornists since memkrs of B. cereus group are so closely 

related and are difficult to differentiate by their physiological properties (Sommerville and 

Jones, 1972; TurnbuIl and Krarner, 1991; Drobniewski, 1994). However, B. cereus, B. 

anthracis, B. mycoides and B. thuringiensis are stiI1 classified as distinct species because their 

pathogenicity to humans and animais and some phenotypic features are different from each 

other. 

B. cereus is actively motile, strongly haemolytic and does not produce rhizoid growth 

or endotoxin crystals. B. anthracis can be differentiated from the other species in the B. cereus 

group by its sensitivity to peniciliin and its lysis by a gamma bacteriophage. Furthemore, B. 

anthracis can also be differentiaied from B. cereus and B. thuringiensis by fatty acid anaiysis 

(Kaneda, 1967 & 1968; Lawrence et al., 199 1). B. mycoides shows mycoidal growth and weak 

motility, whereas B. cereus, B. thuringiensis, and B. anthracis do not produce mycoidal 

growth. The crystalline parasporal inclusion bodies and the insecticidal-endotoxins produced 

exclusively by B. thuringiensis cm be used to differentiate it from the other species in the B. 

cereus group. 

1.2. Pathogenicity of Bacillus species 

B. cereus and B. anthracis have long been considered as the most important 

pathogenic bacteria arnong Bacillus species. Other species, including B. thuringiensis, B. 

lichen~ormis and B. subtilis have also been recognized as pathogens in recent years due to 



increasing cases of related food-borne disease (Turnbull and Krarner, 1991; Drobniewski, 

1994; Jackson et al., 1995). 

1.2.1. Bacillus cereus 

B. cereus has been implicated or incrirninated to an increasing extent with food 

poisoning (toxin) and other human or animal infections, e.g., post-traumatic wound infections, 

ophthalmitis, septicaemia, bovine mastitis and bovine abortion (Tumbuii and Krarner, 199 1). 

Two different types of enterotoxins are produced by B. cereus: diarrhoeai toxin and emetic 

toxin (Melling et al., 1976). 

1.2.1.1. Diarrhoeai toxin 

The diarrhoeai enterotoxin is a heat-labile protein with a molecular mass of amund 50 

KD and an iso-electric point of 4.9. The toxin is produced at the late exponentiai growth phase 

of cells at an optimum temperature between 32 to 37OC (Gilbert, 1979; Adams and Moss, 

1995). The diarrhoeai toxin may possess muIticomponents or subunit structures. Thompson 

et al. (1984) found that the toxin consisted of three proteins with molecular weights of 43 KD, 

39KD and 38 KD, respectively. The largest and the smallest proteins had essentiaily no toxic 

activity. However, these three proteins are not always produced and the molecular weights 

Vary slightly when anaiysed using different experimentai methods. The enterotoxicity has 

been shown to be associated with a 45 KD protein determined by SDS gel electrophoresis 

(Shinagawa et al., 199 1). A more ment study bas revealed that the diarrhoeai toxin consists 

of three proteins with moIecular weights of 48,40 and 34 KD. Only the protein with the 



molecular weight of 40 K I 3  has been considered as enterotoxigenic (Granum et al., 1993). The 

diarrhoeal enterotoxin c m  be destroyed by normai cooking temperatures at 56°C for 5 

minutes orbe inactivated at pH value lower than 4 and higher than 1 1. The toxin can also be 

degraded by pepsin, trypsin and chymotrypsin (Kramer and Gilbert, 1989). 

The onset of illness caused by diarrhoeal toxin is about 8 to 16 hours after 

consumption of the food contarninated with B. cereus, and lasts for between 12 to 24 tiours. 

Symptoms inchde predominantly diarrhoea and abdominal pain and, occasionally, vorniting. 

The symptoms generally resernble those of Clostridium petfhingens. 

The enterotoxin has been studied extensively and a number of methods have ken  

developed for its detection. The first successfully used method for the study of B. cereus 

toxicology was the ligated rabbit ileal loop (RL) test (Krarner and Gilbert, 1989). Recently, 

a reversed passive latex agglutination irnrnunoassay (RPLA) (Griffith, 1990) and an enzyme- 

linked immunosorbent assay (ELISA)(Burrell et al., 1991) have become comrnerciaIIy 

available for detection of the enterotoxin. 

1.2.1.2. Emetic toxin 

The earliest documented emetic outbreak of the organism was in Great Bntain in 

197 1. However, the emetic toxin has not k e n  well characterized until recently. The toxin is 

produced at the late exponential or stationary growth phase of cells at the optimum 

temperature of 25 to 30°C (Adams and Moss, 1995). The emetic toxin is probably a peptide, 

tenned "cereulide" (Agata, et al., 1994). The molecular mass of this toxin is less than 10 KD. 

The cereulide is stable in the digestive tract and induces emesis (Shinagawa et al., 1994, 1996; 



Mikami et al., 1995). The toxin is highly heat-stable at 126°C for 90 minutes. The toxin also 

can withstand extremes of pH from 2 to 1 1 and the proteolytic enzymes trypsin and pepsin 

(Hughes et al., 1988; TurnbuIl et al., 1990). 

The emetic syndrome has a much shorter incubation @od (1-5 h) than that caused 

by diarrhoeal toxin (8-16 h) (Tumbull, et al., 1990; Drobniewski, 1993). The predominant 

syrnptoms are nausea, vorniting, abdominal, cramps and diarrhea, which are sirnilar to those 

of Staphylococcus aureus intoxication (Tumbull et al., 1990; Adams and Moss, 1995). 

The cereulide produces vacuoles in HEP-2 cells (human carcinoma of the larynx) and 

combination of the vacuolation factor assay with plasmid banding patterns may be a valuable 

tool for the epidemiological investigation of emetic syndrome outbreaks (Nishikawa, et al., 

1996). However, there is no commercial kit or rapid method available for detection of the 

emetic toxin. The only reliable assay is the monkey feeding test (Kramer and Gilbert, 1989; 

Melling and Capel, 1978; Turnbull, et al., 1990). 

Emetic and diarrhoeal B. cereus strains have sirnilar antibiotic sensitivi ties and fatty 

acid compositions (Raevuori et al., 1977). 

1.2.1.3. Non-gastrointestinal infections 

B. cereus infections have been documented since the beginning of this century and 

the incidence of non-food-poisoning-related opportunistic infections has increased recently, 

especially in neonates, intravenous drug users, organ transplant patients and immunologically 

compromised persons (Doyle et al., 1985; Drobniewski, 1993; Kramer and Gilbert, 1992). 

Local infections, respiratory infections, central nervous system infections, ophthalmitis and 



septicaemia caused by B. cereus have al1 been described (Johnson, 1984; Turnbuil and 

Kramer, 199 1; Drobniewski, 1993). These infections by B. cereus are associated with a 

variety of extracellular membrane-active enzymes which indude phospholipase C, cereolysin 

and a heat stable cytolysin (Sliman et al., 1987; Beecher and Macmillan, 1991; Granum, et 

al., 1993). The phospholipase C gene of B. cereus has been cloned and well characterized 

(Granum, 1994). The phospholipase C and sphingomyelinase function synergisticaily to 

exhibit cytolysis. The enzyme complex (cereolysin AB) rnight be responsible for necrotic and 

lethal toxin activities of B. cereus (Gilmore et al., 1989). Cereolysin is also known as 

haemolytic 1 or mouse lethai factor 1 (Beecher and Macmillan, 1991; Granum, 1994). 

1. 2. 2. Other Bacillus species 

B. anthracis is a well-characterized pathogen and anthrax has been a scourge of 

animals and humans throughout history (Tumbull and Krarner, 199 1). It caused worldwide 

mortaiity of herbivores for cattle, sheep, goats and horse before an effective vetennary vaccine 

became available in the late 1930s. The disease, anthrax, has been recognized as a zoonotic 

infection and humans aimost invariably contract anthrax directly or indirectly from infected 

animais. The symptoms are cutaneous lesions, intestinal infection and meningitis (Tumbull 

and Kramer, 1991; Ezzell and Wilhelmsen, 1993). However, the incidence of anthrax in both 

humans and animals has been very low through vaccination and improvements in animal 

husbandry over the past decades (Ezzell and Wilhelmsen, 1993). 

B. lichenfonnis, B. subtilis, B. pumilus and B. brevis have k e n  isolated from milk and 

milk products and identified as k ing  associated with human illness in ment  years (Tumbull 



and Krarner, 1991). Cases of B. lichenijonnis food poisoning present a ciinical picnire similar 

to the diarrhoeai syndrome caused by B. cereus. B- subtilis produces an acute-onset emetic 

syndrome (Krarner and Gilbert, 1989; Drobniewski, 1993). B. thuringiensis, B. popiiliae, B. 

sphaericus, B. larvae, and B. lentimorbus are considered as insect pathogens (Tumbull and 

Kramer, 1991). B. thuringiensis (BTj' is the most widely used and intensively studied 

microbial insecticide. Many in vivo and in vitro tests have been conducted to ensure the safety 

of spraying crop fields with these organisms, but ment observations indicate that both B. 

thuringiensis and B. sphaericus can cause human disease (Ray, 1991; Drobniewski, 1994). 

An outbreak of foodbome illness associated with B. thuringiensis has been reported and 

certain strains of B. thuringiensis have been found to produce a diarrhegenic enterotoxin 

sirnilar to that of B. cereus (Ray, 1991; Jackson et al., 1995; Mikarni, 1995). 

1.3. Importance of B. cereus in dairy products 

The presence of B. cereus in pasteurized milk and other dairy products is a major 

concern of the dairy industry since contamination of milk by this organism can lead to both 

spoilage and safety problem. Its spore-forming and psychrotrophic properties enable B. cereus 

to grow and produce toxins in pasteurized milk at refrigerator temperature (Wong et al., 

1988a; Chnstiansson et ai., 1989). 

1.3.1 Incidence of B. cereus in dairy products 

The incidence of B. cereus in dairy products is fairly high. Thirty-five percent of 

pasteurized milk, 63% of milk powder, 50% of infant food (based on milk) and 14% of ice- 



cream sarnples have been found to be contaminated with B. cereus, with the counts being 

from 0.3 to 800 CFUIg or ml (Ahmed et al., 1983; Wong, et al,, 1988a; Becker, et al., 1994). 

More recently, seventy-one percent of commercial pasteurized mik sarnples were reported 

to contain B. cereus after pre-incubation at 30°C for 6 hours (Te Giffel et al., 1996). A Iarge 

outbreak associated with pasteurized milk in the Netherlands involved 280 cases with 

patients' age ranging from 55 to 75. The count of B. cereus isolated from the miik was 4 x 1Id 

CFU/g (Van Netten et al., 1990). Another large outbreak of emetic B. cereus due to 

consumption of ultrahigh temperature (UHT) sterilized milk (120°C for 2 s) has also k e n  

reported in Japan in 199 1 (Shingawa, 1993). 

Bcsides causing foodborne iIlness, B. cereus is also responsible for the spoiIage of 

pasteurized milk and its products resulting in off-flaveurs, sweet curdling and bitty cream 

(Stone and Rowlands, 1952; Billing and Cuthbert, 1958; Overcast and Atmararn, 1974). The 

initial count of the organism in these products determine their keeping quality. In Sweden, a 

legai limit of B. cereus in milk at the best before day is lo3 CFUIml and the ultimate Iimit is 

IO4 CFU/ml. Therefore, monitoring and control of B. cereus is very important for the dairy 

industry from both public health and economic points of view. 

1.3.2. Sporulation of B. cereus 

B. cereus is a sporeforming bacteriurn. Spores are formed intra-cellularly in round, 

ovaI and occasionally cylindrical shapes at the end of exponential ce11 growth or when 

vegetative cells are transferred from a rich to a poor medium. The spores are designated as 

endospores. Sporulation is a multi-phasic, ordered, sequential process of spore formation, 



which results in the changes of cellular components such as DNA, membranes, peptidogiycan 

and dipicolinic acid (DPA). The characteristics of spores have k e n  well documented. The 

spores are highly refractive (Busta and Foegeding, 1986). Under the etectron microscope, a 

spore consists of a thin outer spore coat, a thick spore cortex and an inner spore membrane. 

The spores are more resistant to heat, desiccation, radiation, and chemicals than vegetative 

celis and can survive in a dormant state for long pet-iods in nature, up to centuries in some 

instances (Sneath, 1986; Doi and McGloughlin, 1992a). The mechanism of the resistance of 

spores is not fuIly understood since cytological composition and DPA content of most 

bacteriai spores are similar, but the levei of heat resistance of spores differs by as much as 

100,000 times. It has been shown that the D,,-value of B. cereus spores in phosphate buffer 

(pH 7.0) is variable within the range of 4.6 to 200 min (Dufrenne, et al., 1994). 

1.3.3. Germination of B. cereus spores 

Under suitable conditions, germination of B. cereus spores may take place within 

minutes. Germination is a process by which spores are activated into growing vegetative cells. 

The process usually involves several phases, ie., activation, triggering, initiation and 

outgrowth (Bergère, 1992). Activation means a treatrnent responsible for breaking dormancy 

and heat treatment at 70 - 80°C for 10 - 30 min is normaily employed. The triggering of 

germination involves the interaction of a specific compound, called geminant, within the 

spore that irreversibly comrnits the spore to lose its donnant properties. The initiation stage 

of germination involves metabolic reactions that occur as a result of the triggering reaction. 

Outgrowth is defined as the development of the new vegetative ce11 from the germinated 



spores and comprises synthesis of new macromolecules (RNA, proteins and DNA). The 

structurai, physiological and biochemicd changes of spores during germination mainly 

include the release of DPA and calcium, loss of refractivity or phase darkening, onset of stain 

ability, increase in permeability and Ioss of heat resistance (Claus and Berkeley, 1986; Bergère 

and Cerf, 1992). 

The rate and the extent of spore germination is dependent on strains, treatments, and 

environmentai factors. B. cereus spores can be ctassified into fast germinating and slow 

germinating spores. The slow germinating spores appear more heat-stable than fast 

germinating spores. The fast germinating spores, which mainly corne from soil, dung and 

fodder, can germinate at 20°C within 24 h and the slow germinating ones, which are largely 

from the dairy environment, usually do not germinate at 20°C within 24 h (Labots and Hup, 

1964). B. cereus spores are able to germinate without preliminary heat treatment, however, 

the rate of germination and the proportion of germinated spores are higher with heat 

treatment. Heat matment at 75°C for 5 min for heat-sensitive strains and at 80°C for 10 min 

for heat-stable ones has been found to be suficient to activate B. cereus spores to gerrninate 

(Stadhouders et al., 1980). The spore counts of three strains of B. cereus have been reported 

to decrease to the range of 18.75 to 86.25% of the origind population in the pasteurized milk 

following high temperature short time (HTST) treatment (at 74OC for 15s) (Griffiths and 

Phillips, 1990). The heat resistance of B. cereus spores is affected by milk fat concentration 

and is higher in high-fat dairy products such as double crearn (48% fat) (Champagne, et al., 

1994). Besides heat treahnent, various agents including L-alanine, inosine, adenosine, and 

combination of these are usually used to further stimulate the germination of B. cerew spores. 



L-alanine cornbined with heat shock has k e n  found to cause almost complete germination 

of spores (Bergère. 1992). Greater germination of B. cereus spores has been observed in 

pasteurized milk than in raw and ultra-high temperature (UHT) sterilized milk due to the 

production of a germinating initiatoc (mik constituents alone or produced due to the 

interaction between milk constituents and somatic cells) in the pasteurized milk (Bergère, 

1 992). 

The counts of B. cereus geminated from spores in pasteurized milk have been found 

to reach 1 to 7 x L06CFU / ml at 20°C for 24 hours and cause spoiiage of milk (off-flavour 

and sweet curdling) (Stadhouders, et al., 1980). Therefore, in order to effectively control the 

organism, germination and outgrowth of B. cereus spores in pasteurized milk must be 

prevented. An alternative strategy is to promote the germination of the spores before the 

pasteurization process and, consequently, vegetative cells germinated from the spores can be 

destroyed more easiIy by the pasteurization process. Since the D-values of B. cereus spores 

vary considerably @,, = 4.6 to 200 min, Dufrenne et al., 1994), at least a 4D reduction must 

be adopted for the pasteurization process to assure its adequacy (Ronner and Husmark, 1992). 

Several new methods, including high voltage pulsed elecuic field (HVPEF), 

ultraviolet light, and a combination of hydrogen peroxide and ultraviolet iight have been 

recently developed to destroy B. cereus spores, however they are not available for use in milk 

yet (Waites et al., 1988; Marquez et al., 1997). 

1.3.4. Adhesion of B. cereus spores 

Spores of B. cereus are very adhesive to surfaces of dairy equipment used in dairy 



plants. This may be another reason for their presence in pasteurïzed milk and contribute to the 

ditXculty encountered in controlling this organism. The strong adhesive capacity of spores is 

mainly due to three characteristics: 1) their relatively high hydrophobicity; 2) low spore 

surface charge; and 3) unique rnorphology (Ronner and Husmark, 1992). Spore adhesion is 

especially high on hydrophobic materials due to its relatively high hydrophobicity. The B. 

cereus spore population dong the process line of equipment from tanker to packaging (tanker- 

storage-pasteuriser-packaging) gradudy decreases since the hydrophobicity of these materials 

decreases. Current cleaning procedures (alkdi 1%; 7 min, 75"C+water+acid 0.8%; 4 min, 

70°C-water) result in only a 40% reduction of the spore counts dong the milk process Iine 

(Mosteller and Bishop, 1993). Therefore, the spores are apparently very dificult to detach 

from process lines with current cleaning procedures. A minimum of 15 min at 85°C for 

sanitizing miik pasteurization plants and 15 min at 140°C to 150°C for ultra-high temperature 

(UHT) plants are recommended by the International Dairy Federation (International Dairy 

Federation, 1980). 

1.3.5. Psychrotrophic characteristic of B. cereus 

Psychrotrophic strains of B. cereus were first isolated from milk in 1969 (Grosskopf 

and Harper, 1969). Psychrotrophic B. cereus strains can grow at commercial refrigeration 

temperatures (I 7°C). Fifty percent of the enterotoxigenic strains are able to grow at SOC, and 

86.6% at 7°C within 7 days (RusuI and Yaacob, 1995). Studies on psychrotrophic strains of 

B. cereus have indicated that the average generation time of these organisms in rnilk is 17 h 

at 6°C (Griffiths and Phillips, 1990). Most strains in milk can produce heat-resistant lipases 



and proteases w hich are associated with a variety of off-flavours as well as physical defects 

in rnilk (Coghill & Juffs, 1979; Ahmed et al., 1983 ; Gilliland et al., 1984) and produce toxins 

during growth at low temperature (6-10°C) (Wong, et al., 1988a & b; Griffiths, 1990). Toxin 

production is increased with increasing temperature from 6 to 21°C (Griffiths, 1990). Most 

psychrotrophs c m  be destroyed by pasteurization and normaüy will not be a serious problem 

(Gilliland et al., 1984). However, their extracellular enzymes (lipases and proteases) are, in 

most cases, heat-resistant and are not inactivated by the pasteurization process (Champagne 

et al., 1994). The presence of psychrotrophic B. cereus strains in pasteurized miIk may imply 

post-processing contamination or germination from spores (Gilliland et ai., 1984). 

1.4. Isolation and enumeration of B. cereus 

A standard plate counting method is usuaily used to enumerate the number of B. 

cereus in food and environmentai sarnples. In general, the direct plating technique gives better 

reproducibility than the most probable number (MPN) technique at both high and low levels 

of B. cerelu contamination (Lancette and Harmon, 1980). For direct plating, bIood agar is 

usually used for the isolation of large numbers of B. cereus from foodbome illness outbreaks. 

Other selective and various differentiai media are preferably used for the enumeration of B. 

cereus in the presence of high levels of other organisms in food, environmentai samples and 

faecal specimens. Donovan (1958) first developed a selective agar (citrate-egg yolk-lithium 

chloride-polymyxin B (CELP) agar for the enumeration of B. cereus endospores and 

vegetative cells in rnilk and on dairy equiprnent. Other selective media developed later include 

mannitol-egg yolk-polymyxin B (MYP) agar, KG (Kim and Goepfert) agar, polymyxin B- 



pymvate-egg yolk-mannitol-bromothyrnol blue agar (PEMBA) and polymyxin-pyruvate-egg 

yolk-mannitol-bromocresol purple agar (PEMPA). The rank order of the efficiency of 

isolation is PEMPhPEMBhMYP (Szabo et al., 1984). However, other research also 

reported that no significant ciifference existed between PEMBA, KG and MYP in the recovery 

of B. cereus from pasteurized milk and cream, and dried products such as rice, potato powder, 

beans, soup powders (Holbrook and Anderson, 1980; Harmon et al., 1984). in the selective 

and differential media, polymyxin is used as a selective agent and egg yolk and mannitol as 

differential agents. The principal diagnostic features of B. cereus are: 1) the charactenstic 

colonial appearance , such as irregular shape (crenate or fimbriate to slighdy rhizoid, rough 

in texture); 2) the production of a Iecithinase resulting in colonies surrounded by greyish 

zones of egg yolk precipitate and; 3) the inability of the organism to utilize mannitol. 

MYP is usually the medium of choice for the enurneration of B. cereus in foods in 

North Amenca and other ISO-affiliated (International Standards Organization) couniries, and 

also recommended by the international Commission on Microbiological Specifications for 

Foods (Anon. 1978) and the Association of Official Analytical Chemists (Lancette and 

Harmon, 1980). Mossel et al. (1967) first designed the mannitol egg yolk polymyxin agar 

(MYP) to isotate B. cereus from food. PEMBA is a widely used alternative, particularly in the 

UK (van Netten and Kramer, 1992). B. cereus produces typical crenated colonies, retaining 

the turquoise-blue of the pH indicator (bromothymol blue), surrounded by a zone of egg-yolk 

precipitation caused by lecithinase activity on PEMBA (Bouwer-Hertzberger, 1982; Adams 

and Moss, 1995). 

The most probable number (MPN) and preincubation techniques have been 



recommended for estimating low numbers of B. cerem in foods. Trypticase soy-polymyxin 

B (100 lU/ml) broth for MPN techniques is commonly used to enumerate the number of B. 

cereus (less than 10 CFLT/g) in foods or dehydrated starchy foods which are inappropriate for 

the plate count (Lancette and Hannon, 1980). Preincubation is often used to enumerate low 

numbers of B. cereus in milk. Preincubation of milk at 7°C for 10 days is usualIy required, 

especially for psychrotrophic B. cereus strains [Gilliland, et al., 1984). More rapid modified 

preincubation techniques, such as 25 h at 21°C, 6 h at 30°C or 24 h at 20°C for detecting B. 

cereus in milk have dso been developed (Stadhouders et al., 1980). 

1.5. Identification and classification of B. cereus using rapid methods 

Although B. cereus has been recognized as a cause of food poisoning for more than 

30 years, it is still dificult to control, especially in the dairy industry. Morphological, 

biochernicd, serological and toxigenic characteristics are commoniy used to identify and 

classi@ B. cereus. However, the conventional methods and procedures are time-consuming 

or require extended periods of incubation before final identification. Moreover, it is often 

difficdt to assign Bacillus species to their proper group on the basis of these properties done 

(Debuono, et al., 1988). Fourier Transform infrared Spectroscopy (FTIR) and fatty acid 

analysis of bacteria by gas liquid chromatography (GLC), ie., Microbial Identification System 

(MID[) can be used as simple, rapid and sensitive methods to identify and classi9 B. cereus 

in foods. 

1.5.1. Principle of Fourier transform infrared spectroscopy (FTIR) 

16 



The existence of infrared radiation was fmt  recognized in 1800 by Sir William 

Herscher. Infrared radiation is an invisible part of the electromagnetic spectrum between 

visible light and radio waves, Le., frequencies at 4000-500 cm-' (Cross, 1969, Fermo and 

Basile, 1978). The infrared spectnim of any compound expresses a unique 'Tingerprint" that 

enables IR-spectroscopy to be used for the identification of unknown samples in forensic 

medicine, the pharmaceutical industry, and microorganisms (Naumann et al., 1994). The use 

of IR- spectroscopy as a means of differentiating and identifying bacteria was extensively 

reported between 1950s and 1960s (Naumann, et al., 1991). The characteristics of IR spectra 

were summarized at that time as: (1) high reproducibility of IR spectra of intact bacteria 

provided that each sample preparation was controlled rigidly; (2) unique IR spectra for 

individual strains; (3) instrumental limitation with low resolution of Michelson 

interferometers and low sensitivity (Naumann, et al., 1991). Due to the limitation of IR- 

spectroscopy, the applications of the technique to identiQ microorganisms were not frequently 

reported in the late 1960s and eventually ended in the mid-1970s. However, sinct the advent 

of modem interferometric and Fourier-transforrn technique., there has been renewed interest 

in IR-spectroscopy for use in many fields of microbiological research. A Fourier transform 

cornes from a complex mathematicai computation named after the French mathematician and 

physicist, J. Fourier. A Fourier transform infrared spectrophotometer @l'IR) uses infrared 

light and interferorneter to yield a wedth of information regarding the vibrational and 

rotational motions of atoms and molecules in a substance. 

A FïR spectrophotometer mainly consists of infrared light, interterorneter, detector 

and computer system. Infrared light can travel through the optical system of the spectrometer 



and the interferorneter spiits the beam of light into two rays: one beam is reflected to a fixed 

mirror and the other beam goes through to a moving mirror. The two beams recombine at the 

bearn-spiitter and cause interference due to the path difference between the two mircors, which 

can be used to measure properties of a substance (Van de Voort and IsmaiI, 1991). 

Fluctuations in the intensity of the energy reaching the detector are digitized and an 

interferogram is produced. The interferogram is converted into a conventional spectrum by 

the use of a fast Fourier transform algorithm, which requires substantiai computing power: 

a computer is an integral component of FïIR instruments (van de Voort and Ismail, 199 1 ; 

Kumosinski and Farrell, Jr. 1993). The infrared absorbance spectrum is a graphic 

representation of a sample in ternis of the amount of light absorbed at various freqrrencies and 

the size and position of the peak to identiQ the composition of the sample. After background 

subtraction, the spectnim can be viewed as absorbance (the amount of R light absorbed) or 

transmittance (the arnount of IR light passed or reflected from the sample surface). The 

frequency or energy level of infrared absorptions can be expressed as wavenumbers (cm-' ) 

or wavelength (pm). 

FïIR is a nondestructive technique. Complicated and time-consurning procedures for 

decomposing cells into single chemicai or structurai components are avoided (Helm et al., 

1991b; Naumann et al., 1990). The technique essentiaily takes advantage of the spectral 

fingerprints of intact bacteria since the spectra result from the vibrationai and rotational 

features of al1 ce11 constituents (nucleic acids, protein, fatty acids, carbohydrates and other 

components). Therefore, the selectivity of the technique is very high, ailowing differentiation 

down to the strain and/or serogroup / serotype level (Helm, et al., 199 la & b). 



1.5.2. Principle of gas liquid chromatography (GE) 

Chromatography was invented by the Russian botanist, Tswett and he first separated 

plant pigments in 1903. Since then, many chromatographie techniques such as colurnn 

chromatography, paper chromatography, thin Iayer chrornatography and gas chromatography 

have been developed. Chromatography is based on certain physical properties of the 

individual substance and the separation of the volatilized components of the mixture is camed 

out by selective partitioning between solid and Iiquid phases (Mitruka, 1975). Al1 

chromatography systems basically consist of two phases, the stationary and the mobile phase. 

in conventional colurnn and thin-layer chromatography (TLC), the stationary phase is a solid 

adsorbent and the mobile phase is a liquid. However, in gas chromatography (GC), the 

stationary phase may be a solid adsorbent (gas-solid chrornatography) or an involatile liquid 

adsorbed on an inert support (gas-liquid chromatography). Gas-liquid chromatography (GLC) 

has had much greater application than gas solid chromatography. Gas liquid chromatography 

can be traced back to 1941. Martin and Synge (1941) first suggested using gas as the mobile 

or flowing phase in the column, and this was further developed by James and Martin in 1952 

(Mitruka 1975). 

The basic components of a GLC system are the injector, column, and detector, each 

of which has separate temperature controls. The injector is the location where the sarnple 

components are heated and thereby converted to the vapour state. The column is the "heart" 

of GLC since sarnples are introduced into the column in the vapour state and separated within 

the colurnn. The volatilized components of the mixture are distributed between the mobile and 

stationary phases, and the separation is carried out according to the relative affinity of the 



components for the liquid stationary phase coated on the inert support. The compound with 

the least affinity for the liquid phase will elute first from the column and the highest afEinity 

compound will be the last out of the column. The detector is located at the end of the colurnn. 

F l m e  ionization detectors (FID) are most widely used in GLC and have a high sensitivity (10- 

'' g/s) for essentially aü organic cornpounds (Mitnrka, 1975; Moss, et al., 1980; Moss, 1985). 

James and Martin (1952) first successfully used GLC to separate milligram quantities of long 

chah (C, - C,, ) saturated and unsaturated fatty acids by using silicone oil and stearic acid as 

the stationary phase and nitrogen as the mobile phase (Mitruka, 1975) 

The first commercial GLC instrument becarne available in 1955 and then many 

companies rapidly increased interest in GLC. The technique was initially used for the 

separation of volatile compounds, Le., alcohols, fatty acids and as an excellent method for 

separating compounds of low or  medium molecular weight. With the advent of chemical 

reagents for volatilization of large molecular weight compounds, the technique may 

quantitatively and qualitatively analyse almost al1 groups and sizes of biochemicals. in the Iate 

1950s gas chromatography was employed to detect and identify microorganisms and control 

the end products of fermentation processes. for example, alcohols, aldehydes, and volatile 

acids in the brewing industry (Jellum, 1975). In the mid 1 9 6 0 ~ ~  GLC was advanced to identifj 

microorganisms by three major approaches: (1) analysis of chemical components of 

microorganisms by pyrolysis or hydrolysis and extraction; (2) characterization of unique or 

specific metabolites in a growth environment; (3) analysis of degradation products of a 

metabolite (Mitruka, 1975; Lechevalier and Lechevalier, 1988). 

Abel et aL(1963) were the Eirst to present evidence that cellular fatty acid (CFA) 



analysis by GLC could identify bacteria (Welch, 1991). However, the technique was not used 

for identification of many microorganisms until open tubular capillary column were 

introduced (Moss, 198 1; Miller and Berger, 1985). The introduction of these columns was a 

major breakthrough for routine laboratory work and capillary injectors increased the 

reproducibility. Packed columns consist of an inert supporting surface such as silica or CeLite 

on which the liquid phase (carbowax, rnethyl silicone, etc.) is coated. Open tubular and fused- 

silica capillary columns have improved and extended GLC applications. Capillary columns 

(typically 25 or 50 m in Iength and with inner diameters of 0.2 or 0.35 mm) possess superior 

separation and resolution quaiities to packed colurnns (typicaily 2 rn in length and 2 to 4 mm 

inner diameter) and fused silica open tubular (HOT) colurnns can be coated with a stationary 

phase of either low or high polarity, having more flexibility and durability than glass 

capillaries. The colurnn aiso allows reproducible recovery of hydroxy fatty acids and can 

distinguish severai isomers of fatty acids with the same carbon chain length (Lambert and 

Moss, 1983). The accuracy, speed, sensitivity, and simplicity of GLC resulted in a major 

expansion of chromatography and therefore, GLC can be used for the analysis of rnicrobiai 

biochemistry and for differentiating microbiai species, or even strains within a species 

(07Donnell, 1985; Moss, 1995a & b; Haack, et al., 1994). 

Certain enzymes, DNA, membrane, lipopolysaccharides, carbohydrates, proteins, and 

fatty acids of bacteria are most often anaiysed to identify bacteria by GLC (O'Donnell, 1985). 

Fatty acid analysis by GLC seems to be one of the best methods. A fatty acid profile of 

bacterium is a very stable phenotypic expression of a bacterial genotype when the analysis 

conditions, from bacterial growth to the fatty acid extraction procedure, are rigorously 



controiied (Moss, 1981; Stayer and Davis, 1992; Wauihoz, et ai., 1995). Moreover, fatty acid 

metabolism is directed by chromosomal DNA and the presence of certain fatty acids in 

bacteria has been shown to correlate with chemotaxonomic characteristics (O'Domell, 1985; 

Mukwaga and WeIch, 1989; Moss, 199%). The patterns of fatty acids produce 'Yingerprints" 

of bacteria (Eerola et al., 1988; Sasser, 1990; Larsson et al., 199 1). Hence, GLC of cellular 

fatty acid (CFA) analysis has emerged as a method in bacterial taxonomy and also has been 

used for epidemiological typing of microorganisms (Mukwaya and Welch, 1989; Bimbaum 

et al., 1994). 

The Microbial Identification System (MIS) is the only comrnercially available GLC 

system dedicated to the identification of bacteria according to their fatty acid profiles and 

allows automated quantitative analysis of over 300 fatty acid methyl esters ranging in length 

from 9 to 20 carbons (Welch, 1991). The system was co-deveIoped by Hewlett-Packard Co. 

and Microbial ID. Inc., Newark, Del., and is now marketed by Microbial ID Inc. The original 

data base for identification of aerobic bacteria was developed and has been expanded to 

include 15 genera and 65 species or subspecies of the family Enterobacteriaceae; 45 

Pseudomonas species, subspecies or biovars; 18 Staphylococcus species or subspecies; 19 

Bacillus species; and 53 additional genera of aerobic bacteria containing 197 species, 

subspecies, or biovars; 32 species, subgroups, or complexes of mycobacteria; 3 1 genera of 

anaerobes containing 254 species, types or groups; and 23 genera of yeasts including 195 

species or subspecies. In addition, updated software libraries have subsequently been 

developed and are provided at no cost to users of the system (Stager and Davis, 1992; Stead 

et al., 1992; Stoakes et al., 1994). 



1.5.3. Characteristics of fatty acids of bacteria 

The chernical composition of microbial cells generally consists of protein, lipid, 

polysaccharides and water (Mirtnils, 1975; Ratiedge and Wilkinson, 1988 a & b). Fatty acids, 

arnino acids and carbohydrates are the major cellular constituents for study. Fatty acids have 

been predominantly used for diagnostic purposes since the derivatization procedures for 

arnino acids and carbohydrates are compticated and time-consuming at the present Ume and 

sometimes these derivatives are not chemically stable. The fatty acids of bacteria are found 

in the ce11 wail/ceU membrane fraction and are linked to other cellular components, of which 

gtycerol is the most common (O'Leary and Wilkinson, 1988; Lawrence et al., 1991). Fatty 

acids can be approximately classified into five major types as their methyl esters: (a) suaight 

chah saturated, (b) mono-unsaturated, (c) cyclopcopane, (d) methylbranched, and (e) hydroxy- 

substituted fatty acid methyl esters (FAMEs). The presence of iso- and anteiso-branched fatty 

acids and saturated straight chah of carbon atoms is often characteristic for Grarn-positive 

bactena, such as Bacillus species and Staphylococci. Cyclopropane type, monounsaturated 

and hydroxy FAMEs are usually characteristic of Grarn-negative bacteria, e.g., 

Campylobacter, Pseudomonas (Lechevalier and Lechevdier, 1988; Welch, 199 1). Fatty acids 

with chain lengths of 10-19 carbon atoms are synthesized by most bacteria, and the most 

prevalent fatty acids are those with C,, or C,, (O'Leary and Wilkinson, 1988; Lawrence et al., 

199 1). 

The fatty acid composition of 19 Bacillus species has been studied and these 

organisms are classified into six groups (A-F) (Kaneda, 1967 & 1977). The composition of 



Bacillus species generally exhibits the most complexity in terms of branched-chain cellular 

fatty acid (CFA). An unusual richness in lipid chemistry is not surprising, since the genus 

Bacillus contains a diversity of species (including thennophiles, psychrophiles, acidophiles 

and alkaiophiles) (Kaneda, 1977; Welch, 199 1). Characteristics of fatty acids of Bacillus spp. 

are summarized as follows: 1) a marked predominance of branched-chain fatty acids (up to 

90% of the total, C, to C,,, iso and anteiso), 2) a high proportion (up to 60%) of the 

phospholipids as phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and 

diphosphatidylglycerol @PG) in most species; 3) unusual positionai isomers among the 

monoenoic acids; and 4) the production of extracellular amphophilic lipoconjugates with 

surfactant and antimicrobial activities maneda, 1977; O'Leary and Wilkinson, 1988; Welch, 

1991). 

Fatty acids are rarely found naturaily in the free form in the bacterial membrane. To 

determine total cellular fatty acids, the cells must be hydrolysed with acid or base, even 

though most lipids are removed by extraction with organic solvents, such as chlorofom, 

hydrocarbons, alcohols, ethers and esters (Moss, 199Sb). The hydrolysis procedure is criticd 

to the Final results, as acid hydrolysis destroys cyclopropane acids, and base hydroIysis fails 

to liberate or cleave d l  the arnide-linked hydroxy acids but does not destroy cydopropane 

acids (Lambert and Moss, 1983). The combination of base and acid (first base hydrolysis, then 

acid hydrolysis) is usehl to recover most of the fatty acids in bacteria. After treatrnent, the 

fatty acids are converted to methyl ester derivatives and then analysed by GLC (Welch, 199 1). 

Meanwhile, there is a large body of literature on physiologicai and environmental eEects on 

the fatty acid composition of bacteria including: 1) growth phase of bacteria; 2) growth 



medium; and 3) incubation temperature (Miiler and Berger, 1985; O'Leary and Wilkinson, 

1988). Therefore, it is important to establish a standardized procedure for bacterial fatty acid 

analysis. Currently, the rnost used procedure for fatty acid anaiysis of bacteria by GU3 is that 

descnbed by Miller and Berger (1985). The vaiue of data on cellular fatty acids for the 

identification and classification of rnicroorganisms is now finnly established (Welch, 199 1; 

Stager and Davis, i992). 



CECAPTER 2. IDENTIFICATION OF BACIUUS CEREUS USING FOURIER 

TRANSFURM WFRARED SPECTROSCOPY @TIR) 

ABSTRACT: B. cereus is widely distributed in food and has been recognized as an 

important foodborne microbiai pathogen. Traditionai detection methods are typically 

insensitive and time-consuming. The objective of this study was to evaiuate the potential of 

Fourier transfomi infrared spectroscopy (FïiR) for rapid identification of B. cereus isolates. 

Ten B. cereus group isolates (compnsing B. cereus, B. mycoides and B. thuringiensis strains), 

five other Bacillus species and five non-Bacillus were used. Two types of media, brain heart 

infusion (BH) and trypticase soy agar (TSA) were tested. The results indicated that ail B. 

cereus group isolates produced characteristic absorbance peaks between wavenumbers 1738- 

1740 cm-'. These peaks were not affected by the growth medium. Al1 the other bacteria tested 

did not show that peak &r growth on BHI or TSA. Thecefore, the specific absorbance peak 

can be used to differentiate B. cereus group from other bacteria species. 

2.1. INTRODUCTION 

B. cereus is widely distributed in rice, spices, meat, eggs and dairy products (Kramer 

and Gilbert 1989). As well as k i n g  a potential spoilage organism, it has been recognized as 

an important foodbome microbiai pathogen (Wong, et al. 1988b; Krarner and Gilbert 1989). 

The gastrointestinal diseases caused by B. cereus may occur more frequently in the future, 

with the increased percentage of elderly and immuno-compromised people in the population 

and the trend to consumption of refrigerated foods with extended shelf-Me. This latter trend 



is particularly evident in the dairy industry where psychrotrophic strains of B. cereus are 

cornrnonly isoIated h m  rnik and milk products (Meer et al. 199 1). This has created a need 

for rapid, sensitive and reliable methods to identiQ B. cereus. Traditional methods are 

typically time-consuming, requiring a week or even longer to get results (Wolcott 1991). Also, 

these methods are often incapable of discriminating between strains or between related 

species. 

Characterization of rnicroorganisms by physical techniques promises to be of great 

value. Several modem physicai methods, such as  gas chrornatography (GC), high performance 

liquid chromatography (KPLC), gel electrophoresis, flow cytometry, irnpedance 

measurements and rnicrocalorïmetry have been studied (Naumann et al., 1994), but few of 

these methods providc ail of the desired requirements, namely: 1) rapid and reliable 

identification of al1 pattiogenic bacteria; 2) simple and cheap operation; 3) identification down 

to the strain level; and 4) capable of automation (Giesbrecht et al. 1984; Naumann et al. 

1988). Fourier transform infrared spectroscopy (FI'IR) may be capable of fulfilling many of 

these conditions and might provide a future alternative to existing procedures for bacterial 

identification (Giesbrecht et al. 1984). 

Infrared spectroscopy (IR) has been developed and widely used in many disciplines. 

Since compounds having different structures do not have the same IR spectra, except for 

optical isomers (Cross 1969; Kumosinski and Farrell Jr, 1993), unique molecular fingerprints 

that can be easily distinguished from the absorption patterns produced by other molecules 

(Byler and Susi 1986; Helm et al. 1991a,b). Moreover, FTIR is a nondestructive technique 

and allows the rapid characterization of structural features of biological molecules and 



complex materials like bacteria Organisms cm be probed by FTIR in a single expriment 

using simple, uniform procedures that are applicable to al1 bacteria (Helm et al. 199 1a.b; 

Naumann et al. 199 1). 

When iTiR was used to investigate the characteristics of Bradyrhyzobium japonicum 

strains, it was concluded that FTIR could probe the structural changes resulting fiom growth 

on different media (&rouai et al. 1994). FTJR has also been used as an easy and safe method 

to type, identify and classi@ several bacteria, including Listeria (Holt et al. 1995), 

Staphylococcus, Clostridium, Streptococcus, Legionella and Escherichia coli (Naumann et 

al. 1994). 

The objectives of this snidy were 1) to evaiuate the potential of the FllR technique 

for classification and identification of bacterial species with specid reference to B. cereus 

isolates; 2) and to compare the effect of medium components on the expression of 

characteristic FTIR absorbance spectra of bacteria. 

2.2. MATERIALS AND METHODS 

2.2.1. Strains and growth conditions 

The bacterial strains used in this study were obtained from the culture colection of the 

Department of Food Science, University of Guelph (Table 1). 

To test the influence of the growth medium on the expression of absorption spectra, 

selected strains were grown on two different media: i) brain heart infusion @HI) agar and 



TabIe 1. Bacterial strains used and their major infrared absorbance peaks between 1800-1500 cm-' wave 

numbers after growth on TSA and BHI media 

Organisms Average wavenumber of peak (cm-')t 

grown on TSA grown on B M  

Peak1 Peak II Peak III Peak 1 PeakII Peak iIi 

B. cereus group 

Bacilfus cereus ATCC 7064 

B. mycoides ATCC 6462 

B. thuringiensis ATCC 10792 

B. cereus F&D3 1-1 

B. cereus RT1-D37-3 

B. cereus 48 10/72E (emetic) 

B. cereus Mp38 

B. cereus Mp4 1 

B. cereus Mp33 

B. cerem F53, ATCC 49064 (diarrhoeal) 

Otber BaciUus spp. 

B. lichenifomis ATCC 14580 

B. sphaericus ATCC 4525 

B. parrerrrii HRM 55 

B. psychrosaccharolyticus ATCC 23296 

B. pwnilur ATCC 72 

Otber geneca 

L monocyrogenes Scott A 382 

L &cris ATCC 1 1454 

Staphylococcus aurew ATCC 355556 

E, coli HB IO 1 

1739.9 

1739.9 

1739.8 

1739.9 

1739.9 

1739.9 

1739.9 

1739.9 

1738 

1738 

ND* 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND P seudomonas putida JA 1 1543.2 ND 1657.2 

t The wavenumber of peak was average of two times. ND*: peak not detected 



trypticase soy broth agar (TSA) (Difco Laboratories Inc,, Detroit, MI). Al1 strains were 

streaked onto agas piates using a four-quadrant streak pattern and incubated at 30°C for 24 

hours. 

2.2.2. SampIe preparation 

Late-exponential-phase cells (approx. 6û mg) were carefully removed with a platinum 

loop from confluent colonies in the third quadrant of the agar surface and suspended in 30 

pl sterile distilled water. An aliquot (25 pl) of the ce11 suspension was transferred to 3M 

disposable IR car& 62 and 61 (3M1 St Paul, MN), and then dried in a vacuum oven or at 

room temperature for at Least 20 - 30 min to form a transparent film suitable for absorbance 

FTlR measurements. On IR cards 62, spectra were recorded in the range of 4000-1300 cm" 

(wavenumbers) on an FTIR spectrophotometer (Bio-Rad FTS-40, Bio-Rad Laboratories, 

Mississauga, ON) equipped with an interna1 detector. One hundred scans were taken at a 

spectral resolution of 4 cm-'. The sensitivity factor of pick peaks was 10 and al1 sarnples were 

analysed in duplicate. Following the sarne procedure for sarnple preparation and analysis, IR 

cards 6 1 were used to examine components of bacteria between 3000 - 2800 cm-'. 

2.3. RESULTS 

When absorption spectra in the range of 3000 - 2800 cm-' were analysed for four 

different bacterial strains (B. cereus 48 10/ï3E, ATCC 49064, E. coli HB 10 1 and P. putida 

JAl), no patterns that would allow a distinction of B. cereus from other species were 

observed. However, results in the spectral range from 1800 - 1500 cm-' indicated that B. 



cereus group grown on TSA and BHI produceci characteristic infrared absorbance peaks in 

the area of 1700 cm-'. None of the other bacteria tested exhibited absorbance peaks at these 

wave nurnbers (Fig. 1 a & b). For further confirmation of the specific absorbance peak, 

additionai strains of the B. cereus group were tested on two types of media (TSA & Bm. 
The results indicated that ail strains of the B. cereus group maintained the absocbance peak 

around wave numbers 1700 cm-', regardless of growth media (Fig. 2 a & b). To confirm that 

this peak was unique to B. cereus group isolates. the pick peak feature of the 

spectrophotometer software was used with a sensitivity factor of ten and the exact location 

of the peaks determined. As shown in Table 1, a peak between wave numbers 1738 - 1740 

cm-' was detected for al1 B. cereus group isolates 

2.4. DISCUSSION 

Owing to the multitude of cellular components, broad and superimposed spectraI 

bands are observed within the infrared range (- 4,000 - 500 cm-' wavenumbers), but some 

spectral sub-ranges are dorninated by particular ce11 components. A preselection of spectral 

windows was done considering their specific information content and their discrimination 

power as follows: i) the window between 3000 and 2800 cm" wavenumbers (w,; the fatty 

acid region 1) is dorninated by the -CH, CH, and =CH stretching vibrations of the functional 

groups usually present in the fatty acid components of the ce11 membrane; ii) the window 

between 1800 and 1500 cm-' wavenumbers (W,; the amide region) consists mainly of protein 

and peptides. Spectral bands at 1700 - 1600 cm -' (amide I) and 1600 - 1500 cm-' (amide T[) 
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I L. monocytogenes 

1 B. cereus ATCC 7û64 

2000 1500 1 O00 
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Fig. 1 (A). Absorbance spectra between wavenumbers 2000-1000 cm-' of the bacterial 

cultures grown on Brain Heart Infusion agar at 30°C 
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Fig. 1 (B). Absorbante spectra between wavenumbers 2000-1000 cm-' of the bacterial 

cultures grown on Trypticase So y agar at 30°C 
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I B. cereus F6-03 1 -1 

I B. cereus Mp38 

I B. cereus Mp33 

B. cereus Mp41 

B. cereus F53 

1 B. cereus 481 W 2 E  

I B. cereus RT1-037-3 

B. mycoides ATCC 6462 

2000 1500 1 O00 

Wave number (cm -1) 

Fig. 2 (A). Absorbance spectra between wavenwnbers 2000-1000 cm-' of various isolates 

belonging to the B. c e r m  group gruwn on Brain Heart Infusion agar at 30°C 
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Fig. 1 (B). Absorbance spectra between wavenumbers 2000-1000 cm'' of various isolates 

belonging to the B. cerem group grown on Trypticase Soy agar at 30°C 



can be assigned to the Ca, C-N stretching and N-H bending vibrations of proteins; iii) the 

window between 1500 and 1200 cm'' wavenumbers (W,; the mixed region) contains 

information from proteins, fatty acids and phosphate-carrying compounds; iv) the window 

between 1200 and 900 cm-' wavenurnbers ( W,; the polysaccharide region) is dominated by 

the fingerprint-like absorption spectra of the carbohydrates present within the ce11 wail; and 

V) the window between 900 and 700 cm-' wavenumbers (W,; the true fingerprint) shows 

some remarkably specific spectral patterns (Naumann et al. 1990). 

IR cards 6 1 (3M, St Paul, MN) are recommended for evaluation of the fatty acid 

region I(3000 - 2800 cm-'), Type 62 IR car& (3M, St Paul, MN) are polyethylene and work 

especiaily well for substances requiring interpretation in the fingerprint region at wave 

numbers from 1800 to 400 cm", but they are not suitable for the aliphatic C-H stretching that 

occurs between 3000 to 2800 cm-'. 

Although fatty acid analysis has k e n  successfiilly used to type B. cereus isolates 

(Schraft et al. 1996), andysis of the fatty acid region 1 (3000 - 2800 cm-') did not allow 

differentiation of B. cereus from other bacteria. The amide region 1 ( 1700 - l6OO cm*') was 

more effective in this regard. Since the infrared absorbance peak at wavenumbers between 

1738 and 1740 cm" was present consistentIy whether B. cereus groups were grown on BHI 

media or TSA media, the peak might represent an important characteristic of B. cereus group 

isolates reiated to its protein content and be used to distinguish between the B. cereus group 

and other Bacillus spp., as well as other genera. Although ail B. cereus group isolates had 

similar absorbance spectra in the region of 1800 - 1500 cm-' wavenumbers, the detailed 

shapes, sizes and positions of their peaks were different. This may have potential for 



differentiating species within the B. cerem group, but many more isolates need to be 

anaiysed to confirm this. Media composition did not have any obvious influence on the 

characteristic absocbance peak. 

Results obtained from this study indicated that FllR spectroscopy is a usefd method 

to differentiate B. cereus group from other bacterial species. It is a simple. rapid and 

inexpensive alternative to traditional approaches. 



CaAPTER 3. IDENTIFICATION OF TAE SOURCES OF BACIUUS CEREUS 

IN PASTEURIZED MILK USING 

MICROBIAL IDENTIFICATION SYSTEM (MID9 

ABSTRACT: In order to determine the sources of Bacillus cereus in pasteurized 

milk, a total of 232 miIk sarnples fiom various sampling points of miik processing lines and 

122 environmental swabs were collected in two dairy plants between March and September 

1996. The incidence and distribution of B. cereus arnong milk sarnples and environmental 

swabs was investigated. A library of B. cereus fatty acid profiles, narned 'BCERMK', 

comprising 229 B. cereus isolates from rnilk sarnples and environmentai swabs was 

constnicted using a critical Eudidian distance of 6.0 units as the cut-off vaiue. A total of 546 

B. cereus isolates isolated h m  183 milk sarnples and 3 environmental swabs were classifed 

by MIDI. The relationship between B. cereus isolates isolated from the different sarnpling 

points dong the rnik processing Iines and the environmentai swabs was determined and the 

sources of B. cereus in pasteurized milk were identified. The results showed that the 

incidence of B. cereus vegetative cells in raw milk was low. However, the incidence and the 

average counts of B. cereus spores in the positive raw milk were very high and similar to 

those of B. cereus vegetative cells in pasteurized milk or final products after enrichment (> 

80% and 1.1 x LOS CFUjmi). The incidence and average count of both vegetative cells and 

spores of B. cereus in the environmental swabs was low. Analysis of cellular fatty acid 

composition of B. cereus using MlDI showed that most B. cereus isolates isolated from the 

pasteurized milk and finai products belonged to the same subgroups as the B. cereus strains 



genninated from the spores in raw milk. Furthemore, specific subgroups were found in 

pasteurized milk, different dajl plants and at dfierent sarnpling tirnes. The results suggested 

that B. cereus spores in raw milk were the major source of B. cereus in pasteurized milk and 

that post-pasteurization contamination dong the milk processing lines was possibly another 

minor source of B. cereus in pasteurized milk. 

3.1. INTRODUCTION 

The presence of B. cereus in pasteurized milk is a major concern for the dairy 

industry since the organisrn is associated with milk defects such as off-flavours, sweet 

curdling and bitty cream and aIso causes outbreaks of food poisoning (Overcast and 

Atmaram, 1974; Johnson, 1984; Christiansson et al., 1989). B. cereus in pasteurized milk 

may originate from spores that are present in the raw milk and germinate after the 

pasteurization process or from the dairy environment (GriRths, 1992; Crielly et al,, 1994; 

Davies, 1975; Coghill, 1982). Resutts from the different labs were not consistent, probably 

due to the different sources of raw milk, dairy plant environment and experimental 

procedures used in their studies. Coghill (1982) found that themoduric psychrotrophic 

bacteria could enter pasteurized products as post-heat treatment contaminam, and Iarge 

numbers of B. cereus spores in pasteurized milk were derived from the dairy (Davies, 1975). 

On the other hand, Griffith (1992) suggested that raw milk was the main source of 

psychrotrophic Bacilliis species in pasteurized milk. Crielly et al. (1994) supported the 

contention that post-pasteurization contamination may not be the main source of B. cereus 



in pasteurized milk However, Little information is available about the relative contribution 

made by each source. Furthemore, little research has been conducted in milk samples 

collected from the processing lines (from the raw m i k  in the truck to the final products in 

bags or cartons). 

Many traditional and advanced microbiological identification techniques, such as 

numericd phenotypic anaiysis, phage typing, measurement of minimum growth temperature, 

plasrnid typing and restriction fragment length polymorphisrns of PCR products (RFLP-PCR) 

have been applied to identiQ and type the sources of B. cereus in dairy products (Vaisiinen 

et al., 199 1; Ternstram et al., 1993, Te Giffel et al., 1996; Schraft et al., 1996). Conventional 

phenotypic methods often lack discriminatory power and results are not reproducible. 

Genotypic rnethods offer greater discriminatory power, but they are very expensive and 

labour-intensive. The gas-liquid chromatographic anaiysis of cellular fatty acids of bacteria 

is a relatively easy and simple typing methoci and has highly discriminatory properties up to 

the species as well as strain level (Tomabene, 1985; Eerola and Lehtonen, 1988; Huys, et al., 

1994 ). Fatty acid anaiysis has been successfully applied for epidemiologicai typing of 

microorganisms, e.g., B. cereus, Staphylococci, Listera and Pseudomorias (Schraft et al., 

1996; Mukwaya and Welch, 1989; Geoffrey and David, 1989; Ninet, et al., 1992; Bimbaum 

et al., 1994; Wauthoz et al., 1995). 

The objectives of this research were 1) to determine the incidence and distribution 

of B. cereus among sampling points of rnilk processing lines and environmental swabs; 2) 

to analyse the fatty acid composition of B. cereus isolates isolated from dairy plants; 3) to 

establish a specific library of fatty acid profiles of B. cerew isolates from dairy plants; 4) to 



identiQ the sources of B. cereus in pasteurized milk using the rnimbial identification system 

(MIDr). 

3.2. MATERIALS AND METBODS 

3.2.1. Sample collection 

The number of milk samples obtained from each sampling point dong the milk 

processing Iines and environmental swabs in plant 1 and plant II is listed in Table 2. Milk 

samples of about 200 ml each were removed asepticaily into sterile bottles from various 

sampling points, including raw rnilk in trucks (Truck), tanks (RT), balance tanks (ProHTST), 

pasteurized mik in high temperature short time pipes (HTST), holding tanks (PT) and filler 

pipes (Filler). Final products CF) were collected in 125 rnI, 500 ml, 1 L, 2 L cartons or 1 L 

pIastic bags. The milk samples were taken at hourly intervals three to five times during each 

sampling day and collected in March, April, May and September for plant I and in July, 

August and September for plant II. 

Environmental swabs were collected before the start of the milk processing. In plant 

1, the environmental swabs were aseptically collected fiom the filler surfaces in March, April 

and September and suspended in 10 ml brain heart infusion broth. in plant II, the 

environmental swabs were asepticaily taken from the surface of frarne, floor, pouch track, 

carton track, case track, bowl, package exterior, lines' extenor, cold plates, drain, cream 

cooler, silo apron, air eliminator, mix area, blender, hose interior, floor fridge, benches in lab, 

hall way walls and mandrels in July and August and suspended in 10 mi sterile saline 



Table 2. The number of rnilk sarnples from each sampling point of the milk processing 

lines and environmental swabs in plant 1 and plant II 

Sampling The number of samples 

locations -i. Plant 1 Plant II Total 
~p 

Truck 

RT 

ProHTST 

HTST 

ET 

Filler 

F 

Swab 

TotaI 
t Truck, RT, ProHTST, HTST, PT, Filler, F and swab indicate milk sarnples from truck, raw 

milk tanks, balance tanks (before high temperature short t h e  (HTST), HTST pipes, 

pasteurizer tanks, fillers, final products and environmental swabs respectively. 



solution (0.85 9%). 

3.2.2. Preparation of mik samples and environmental swabs 

Each raw milk sample from trucks, RTs and ProHTST was aseptically divided into 

two bottles. One bottle was for the B. cereus vegetative ce11 test and the other one was for 

the spore test. The raw milk sarnples for a spore test were treated and held at 75°C for 20 min 

in a water-bath (Labline, inc., Chicago) and designated as heat-ueated milk. 

Ten ml brain heart infusion (BHI) broth was added to each tube of environmental 

swabs and mixed well by vortexing for 2 min. The BHI broth of a swab tube was further split 

into 2 tubes. The test for B. cereus vegetative cells and spores in the environmental swabs 

was carried out as described for those of the raw milk above. 

3.2.3. Enumeration and collection of B. cereus isolated from milk sarnples and environmental 

swabs 

Counts of B. cereus vegetative cells in raw milk and environmental swabs were 

determined after enrichment at 8°C for 3 days (raw mik) and 14 days (environmental swabs) 

whereas the counts of B. cereus vegetative cells in heat-treated rnilk, heat-treated 

environmental swabs (measuring the B. cereus spores in raw milk and environmental swabs) 

and pasteurized rnilk were determined after ennchment at 8OC for 14 days. 

Samples (O. 1 ml) of raw milk, heat-treated milk, pasteurized milk, final product and 

BHI broth of environmental swabs were surface-plated in duplicate on polyrnyxin, egg yolk, 

mannitol, bromothyrnol blue agar (PEMBA, Oxoid) using a sterile glass spreading rod 



or samples were diluted with Butterfi~elds' phosphate buffer and surface plated in duplicate 

on PEMBA agar using a spiral plater (Spiral Systems, Inc.). The PEMBA plates were 

incubated at 30°C for 24 to 48 h and the counts of B, cereus were enumerated- 

Three to five typical B. cereus colonies which were turquoise blue and crenate in 

shape or mycoidal and surrounded by a zone of egg-yolk precipitation on the media were 

picked from 1 to 2 plates ofeach sample and inoculated on Brain Heart Infusion (BHI, Difco) 

agar. The BHI plates were incubated at 30°C for 24 h to obtain a pure culture for further 

confirmation by Gram stain and cataiase reaction. Sterile cryogenic viais (2 ml) containing 

0.8 ml BHI broth were inoculated with one colony From each pure culture and incubated at 

30°C for 24 hrs. Another 0.8 ml medium containing glycerol(lO% VN), peptone (1% WN) 

and MgSO, (5% VN) was added to the vials and the vids were stored at -20°C. A total of 

587 presumptive isolates were collected. 

3.2.4. Analysis of fatty acids profiles of B. cereus isolates using MIDI 

Preparation of the samples and analysis of fatty acid profiles of B. cerew isolates 

were carried out as descnbed in Microbial Identification System Operating Manual Version 

4, 1993 (MIDI operation manuai version 4, 1993). 

3.2.4.1. Preparation of fatty acid methyl esters (FAMES) 

The preparation procedure included streaking plates, harvesting cells, saponification, 

methylation. extraction and base wash. 

Streaking plates: Each B. cereus isolate from a 2 ml cryogenic via1 was streaked on 



trypticase soy agar (TSA) plates in a 4-quadrant dilution by a wire loop with flame 

sterilization. The plates were incubated at 28 I [ O C  for 24 I 2 h and a well-isolated B. cereus 

colony from the TSA plate was subcultured on two to three TSA plates at the same 

incubation conditions. Cells from the second subculture plates were harvested for further 

analysis. 

Harvesting cells: Cells of B. cereus (5h1 mg fresh weight) were harvested from 

confluent growth in the third quadrant using a 4 mm disposable loop and transferred into a 

test tube. 

Saponification: One ml of saponification reagent (strong methanolic base used to 

liberate the fatty acids h m  the cellular lipids of ceIls and convert the fatty acids to sodium 

salts) was added to the culture tube. The tubes were vortexed for 5 to 10 sec and placed into 

a boiIing water bath (Model 184, Precision Scientific bcorporated) at 100°C for 5 min. Each 

tube was then vortexed for 5-10 seconds, returned to the water bath at 100°C for an 

additional 25 min and then removed €rom the boifing water after a total of 30 minutes of 

saponification at 100°C. 

Methylation: To each tube, 2 ml of methylation reagent was added to convert fatty 

acid sodium salts to fatty acid methyl esters, which increased the volatility of the fatty acids 

for the GU3 analysis. After vortexing for 5-10 seconds, ail tubes were placed in a circulating 

water bath (M20 Lauda) at 80°C for 10 min and then cooled in cold tap water. The step had 

to be carried out carefufly since excess time or temperature of heating could degrade 

cyclopropane compounds and alter fatty acid profiles. 

Extraction: an extraction solvent of hexand MT3E (1.25 ml) was added to each tube 



and the tubes were placed in a laboratory rotator (HematoIogy/Chemistry mixer, Fisher 

Scientific) and rnixed end-over-end for 10 min, In this step, fatty acid methyl esters were 

extracted from the acidic aqueous phase to the upper organic phase. The acidic aqueous 

phase was removed using a clean Pasteur pipette. 

Base wash: Three ml of base solution was added to each tube and the tubes were 

rotated end-over-end for 5 minutes. The mild base solution was used to remove free fatty 

acids and residual reagents fiom the organic extract since they c m  damage the 

chromatographic system and produce tailing of peaks or cause loss of the hydroxy fatty acid 

methyl esters. Only two thirds of the organic extract in the upper phase of a tube was 

rernoved using a clean Pasteur pipette for each sarnple and transferred to a clean sample viai. 

3.2.4.2. Microbial Identification System 

The syringe was prewashed twice with extraction solvent (hexane/MTBE) and twice 

with the sample before injection of each sample. Calibration standards including (MIDI) rnix 

1, a blank control of extraction solvent, and a positive control of Stenotrophomonas 

maltophilia ATCC 13637 were analysed in each batch of the sample. Calibration standard 

(MIDI) rnix 1 was reanalysed again at every 1 1 th injection. 

The Microbial Identification System (MIS) consists of a chrornatographic unit and 

a cornputer system. The MIS chromatographic unit comprises a Gas Chromatograph (Hewlett 

Packard 5890 series II), an Automatic Sampler (Hewlett Packard 7673) with the controller 

and communications Module (HP l8594B), Injector Module (HP l8593B), tray Module (HP 

l8596B) and integrator (Hewlett Packward 3365 ChemStation software). Hydrogen was used 



as a carrier gas (30 mVrnin FiD, 55 Wmin split vent, 5 mVmin septum purge), nitrogen (30 

d r n i n  FID, 40 d m i n  trap purge) as auxiliary gas of air (400 d m i n  FID). 2 pl of fatty acid 

methyl ester (FAME) preparation was injected into the colurnn with 1: 100 split injection into 

a splitless-type column Liner. The GLC was equipped with a 25 m fused silica capillary 

colurnn lined with 5% methyl phenyl silicone (Ultra 2, HP 19091 B-102) to separate the fatty 

acid rnethyi esters as they passed through the colurnn to the flame ionization detector (FID). 

The FID burned the carbon in each ester creating a signal that was plotted in the 

ChernStation. The pIotted signal, called the chromatogram, was followed by an Area Percent 

Report, tisting retention tirnes and area percentages for each peak in the chromatogram. The 

fatty acid profile was then cornpared to a library of reference organisms stored in the 

cornputer to determine the identity of the unknown microorganisrns. The column temperature 

was increased by S°C/min from 170°C to 270°C. The injector temperature was 250°C and 

detector temperature was 300°C. 

The system of Hewlett-Packard Vectra V U ,  486 CPU was automated with Hewlett- 

Packard 3365 gas chromatography ChernStation Software, a Microsoft Windows based 

program. The software allowed two-dimensional principal component plots and cluster 

analysis dendrograrns to be obtained. 

3.2.5. Identification and further confirmation of B. cereus isolates 

The identity of the presumptive B. cereus isolates initially idmtified by Gram stain 

and catalase reaction was searched in a MIDI standard library (TSBA library) by comparing 

their fatty acid composition to the mean fatty acid composition of the isolates used to create 



the library entry. If the search resulted in more than one possible match, the suggested 

identities were iisted in decreasing similarity index values. The similaricy index of the MIS 

is a numerical value which expresses how closely the fatty acid compositions of the test B. 

cereus isolate compared to those which are listed in the MIS standard library. It is 

recommended by MIDI that isoIates with a similarity index (SI) of 0.500 or higher and with 

a separation of 0.100 between the first and second choice were considered a good Iibrary 

cornparison. If the SI was between 0.300 and 0.500 and well separated from the second 

choice (> 0.100 separation), it would also be a good match. Values lower than 0.300 

suggested that the tested isolates or species did not eKist in the database, but it indicated that 

the tested species rnight be closely related to the species of the library. Isolates with a SI of 

0.300 or higher of only one choice were aiso considered as good tibrary cornparisons (MIDI 

operating manuai version 4, 1993). An SI of 0.3000 was used as cutoff value without 

consideration of separation of the second choice to identiQ the B. cereus isolates in this 

s tudy. 

3.2.6. Construction of the 'BCERMK' library 

The MIDI standard library is good for identification of bacteria, and dendrogram 

analysis is one of most useful methods to analyse the relationship among small and medium 

numbers of organisms (MIDI operating manual version 4, 1993). The dendrogram analysis 

has been used successfully to find the relationship among Pseudomonas cepacia isolates 

obtained from different sources (Mukwaya and Welch, 1989). To avoid analysing the large 

number of B. cereus isolates and Iosing the resolution of dendrogram, representative B. 



cereus isolates coilected from each sampiing month were chosen for the library consûuction. 

Seven to fourteen different subgroups of aü B. cereus isolates from plant 1 and plant II were 

obtained in a monthiy dendrogram when the Euclidian distance of 6.0 units was used as a 

cutoff value. The B. cereus isolates used for the construction of the library were obtained 

from each subgroup at each sampling point for each month. Al1 isolates were sampled to 

establish the library if the number of B. cereus isolates isolated from a sampling point was 

less than three in a subgroup. Three to five B. cereus isolates were taken from each subgroup 

of monthly cluster analysis if the number of isolates from a sampling point was more than 

five in a subgroup. The library was constructed based on the fatty acid profiles of a total of 

229 B. cereus isolates (120 isolates from plant 1 and 109 isolates from plant II) obtained from 

each sampling point dong the milk processing lines and environmentai swabs in two dairy 

plants. The B. cereus isolates used to establish the Iibrary are shown in Table 3. The standard 

values used to establish the 'BCERMK' library were sirnilar to those of the MIDI standard 

library. The critical distance of 6 ED unis was used as a cut-off value to allocate B. cereus 

isolates in this study. It is recomrnended by MIDI that any isolates joining at less than 6.0 ED 

were considered to be the same biotypes whereas isolates joining at more than 6.0 ED were 

assigned to different biotypes. The library was named as 'BCERMK', standing for B. cereus 

in milk. The relationships of the FAME profiles of the B. cereus isolates to each other were 

depicted in a dendrogram according to an unweighted pair matching method (UPGMA) using 

arithmetic averages (Romesburg, 1984; Kotilainen et al., 199 1; Birnbaum et al., 1994). 



Table 3. The number of B. cereus isolates from the miik samples of each sarnpling 

point of the milk processing lines and environmental swabs in plant 1 and plant II 

used for the construction of 'BCERMK' library 

Sarnpling The number of B. cereus isolates 

locations t Plant 1 Plant II To ta1 

Truck 3 2 5 

HTST 

PT 

F 

S wab 

Total 120 109 229 
t notations are the same as in Table 2. 



3.2.7. Allocation of B. cereus isolates to the 'BCERMK' library 

A total of 546 B. cereus isolates from each sampling point along the milk processing 

lines and environmentai swabs in two dairy plants were allocaced into the 'BCERMK' 

library. The SI of r 0.3000 was used as a cntical vaiue to classi@ the B. cereus 

isolates into different groups of the 'BCERMK' library. 

3.2.8. Allocation of B. cereus isolates to the 'MI' library 

A data library previously established (Schraft et al., 1996) consisted of 137 'Bacillus 

cereus' isolates obtained from various sources and had 1 1 subgroups, ie,, Mi 1, Mi 2, Mi 3, 

Mi 4, Mi 5, Mi 6, Mi 7, Mi 8, Mi 9, Mi 10, Mi 11. This library was narned 'MI' and used to 

allocate 546 B. cereus isolates from each sampIing point dong the milk-processing Iines and 

environmental swabs in two dairy plants. The SI of 2 0.3000 was used as a critical value to 

classify the B. cereus isolates into different groups of the 'MI' library. 

3.3. RESULTS 

3.3.1. Incidence and distribution of B. cereus arnong milk sarnples and environmental swabs 

The incidence and distribution patterns of B. cereus among the sampling points along 

the milk processing lines and environmental swabs in the two dairy plants are summarized 

in Table 4. The incidence of B. cereus vegetative cells in raw milk sarnples (trucks, RTs and 

ProHTSTs) was low. Positive sarnples were less than 10% and the average counts of positive 

sarnples were less than 50 CFUIml after enrichment at 8°C for 3 days in 



Table 4. The incidence and the average counts of B. cereus in milk samples from each 

sampling point of the rnilk processing lines and environmental swabs in plant 1 and 

plant II after enrichment at 8OC for 14 days 

Samples locations 7 The positive percentage and average counts 

Plant 1 Plant II 

% CFU/rnl % m / m 1  

Raw Milk $ 

Heat-treated milk: 

RT 

ProHTST 

Pasteurized rnilk: 

HTST 

PT 

Final products: 

F 

Environmental swab 

Swab 

Heat-treated swab 

ND* 

t notations are the sarne as in Table 2; 

$ The average counts of vegetative B. cereus in raw milk was estimated after enrichment at 

8 O C  for 3 days; 

ND* = not detected at the sensitivity of 10 CFU/rnl. 



both plant 1 and Il. However, the incidence of B. cereus spores in raw milk samples as 

measured by the B. cereus vegetative cetls in heat-treated milk was very high. Mare chan 

80% of heat-treated m i k  samples were found to contain B. cereus and the average counts in 

positive samples were more than 1 . 1  x l d  CFLTlml after enrichment at 8°C for 14 days in 

both plant 1 and plant II (Table 4). 

The incidence of B. cereus in pasteurized milk sarnples (HTSTs and PTs) and final 

products was sirnilar to that in heat-treated raw milk. Seventy-six to ninety-four percent of 

the pasteurized mik samptes were contarninated with B. cereus and the average counts of 

positive sarnples reached up to 3.7 x 105 CFUlmI after enrichment at 8°C for 14 days in milk 

Fom both plant 1 and plant II. More than 90% of the linal products contained B. cereus and 

the average counts reached 5.5 x 106 CFU/rnl for plant 1 and 5.0 x IO6 CFUlrnl for plant II 

after enrichment at 8°C for 14 days (Table 4). 

None of the environmental swabs obtained from either dairy plant contained B. 

cereus vegetative celIs after enrichment at 8°C for 14 days. The counts of B. cereus in heat- 

treated environmental swabs were aIso low. However, five percent of the heat-treated 

environmental swabs from plant 1 were positive for B. cereus. The average count of B. cereus 

in these swabs was 30 CFüIml after enrichment at 8°C for 14 days (Table 4). 

3.3.2. Identification and further confirmation of B. cereus isolates 

The reproducibility of each sampfe run was determined by repeated analyses of the 

FAME profiles of Stenorrophomonar maltophilia ATCC 13637. The mean ED from 15 runs 

was 0.95 units with a minimum 0.26 and maximum 2.28. The change in ED was less than 



2.5 ED for this suain through the entire expriment, and therefore the reproducibility was 

high and the instrument was stable. 

A total of 587 presumptive B. cereus isolates initially identified by Gram stain and 

catalase reaction were further tested by the MIDI standard iibrary. The results showed 343 

B, cerelis isolates with a similarity index (SI) above 0.5000,203 B. cereus isolates with SI 

between 0.5000 and 0.3000, and 41 B. cereus isolates with SI below 0.300. A total of 539 

B. cereus isolates from rnik sarnples in plant 1 and plant II and a total of 7 B. cereus isoIates 

from the environmental swabs in plant 1 with similarity index r 0.3000 were used for further 

studies. The number of B. cereus isolates obtained from each sarnpling point arnong the milk 

processing lines and environmental swabs is summarized in Table 5, 

3.3.3. Characteristics of the cellular fatty acid composition of B. cereus isolates in each 

subgroup of the 'BCERMK'library 

The 'BCERMK' library constmcted with 229 B. cereus isolates consisted of 18 

different subgroups (A-R). The relationship of the FAME profiles of these 229 isolates to 

each other are depicted by the dendrogram show in Fig. 3. Based on the principle of cluster 

anaiysis, highly related isolates are clustered at relatively short distances from the origin on 

the dendmgram whereas less closely related isolates join at progressively greater distances. 

As a result, al1 isolates can be displayed graphically in a tree diagram that depicts the 

retatedness of pairs of entries expressed in Euclidian distances (ED). 

The characteristics of the cellular fatty acid composition of B. cereus isolates in each 

subgroup of the 'BCERMK' library is shown in Table 6. Under the standardized growth 



Table 5 .  The number of B. cereits isolates and samples from each sampling point of the milk processing lines and 

environmental swabs in plant I and 11 

Sampling The number of B. cereus isolates and samplcs 

locationsj- Plant 1 Plant II Total 

Isolates Samplcs Isolates Samples Isolates Samples 

Truck 8 3 10 3 18 6 

HTST 46 16 4 1 14 87 30 

Filler 3 1 27 10 30 I l  

Swab 7 3 O O 7 3 

Total 312 110 234 76 546 186 
t notations are the same as in Table 2. 





Table 6. Main fatty acid composition of B. cereus isolates in each subgroup of the 'BCERMK' library 

sub- NO. of % mean I SD (Standard Deviation) 

group isohtcs i- 12:O a- 13:O i- 13:O i-  14:O 14:O i- 15:O a- 1 5 0  i- 16:O 



Table 6. Main fatty acid composition of B. cereus isolates in each subgroup of the 'BCERMK' library 

Sub- No. of % mean 1 S D  (Standard Deviation) 

group isolatcs i -  1 2:O a- 13:O i- 13:O i- 14:O 14:O i-  15:O a- 150 i- 16:O 

Range 0.42-1.68 0.90- 1.87 7.61-13.66 3.30-5.54 2.16-4.47 20.4 1-32.64 2.24-4.67 5.26-8.65 



Table 6. Main fatty acid composition of B. cererrs isolates in each subgroup of the 'BCERMK' library (continued) 

~ u b -  No. of % mean + SD (Standard Deviation) 

goup isolaies 16: 1 w7c 16: 1 w I l  c 16:O i- 17:O i-17:l wlOc a-17:O summed 4 % 

A 3 2.23I0.38 4.15I0.82 15.38I0.62 7.84I0.94 5.75I0.50 1.13I0.74 6.35I0.3 1 98.93 

B 34 2,08I0,20 2.69I0.48 1 1.6611.89 10.23I0.68 6.98I0.92 2.26I0,37 6,92I0,62 94.89 

C 43 2.16I0.19 2.644.45 9.90I1. 10 10.1911 .O1 9.00I0.89 1.62&.36 6.93I0.54 95.46 



Table 6. Main fatty acid composition of B. cereus isolates in each subgroup of the 'BCERMK' library (continued) 

Sub- No. of % mean I SD (Standard Deviation) 

group isolates 16: 1 w7c 16: 1 w 1 1 c 16:O i- 17:O i-17:l wlOc a-17:O summed 4 % 

Range 0.74-3.42 0.26-4.15 4.60-15.38 5.44-10.37 2.87-1 1.27 0.46-2.26 5.02- 10.94 89.74-98.93 

* : these fatty acids were not used in the library search. 



conditions, B. cereus isolates of each cluster in the 'BCERMK' Library displayed 

quaiitatively similar fatty acid profiles. Fatty acids common to ail of the isolates were 10- 

methyldecanoic acid (i- 12:0), lû-methyldodemnoic acid (a- l3:O), 1 1-methyldodecanoic acid 

(i- l3:O), 12-methyltridecanoic acid (i- l4:O), tetradecanoic acid ( 14:0), hexadecanoic acid 

( L 6:O), 13-methyltetradecanoic acid (i- 15:0), 12-methyltetradecanoic acid (a-15:0), 14- 

methylpentadecanoic acid (i- l6:0), 15-methylhexadecanoic acid (i- l7:O), 14-hexadecanoic 

acid (a- l7:O), unsaturated Fatty acids with cis-9- hexadecanoic acid (1 6: 1 w7c), cis-5- 

hexadecanoic acid (16: 1 w 1 lc) and cis-6-15-methylhexadecanoic acid (i-17: 1 w lOc) and 

summed feature 4. These common fatty acids accounted for 89.74 to 98.93% of total 

composition used for the library search. There were six predominant fatty acids accounting 

for 46.19 - 9 1.97% of the total fatty acid composition. They were 13-methyltetradecanoic 

acid ( l5:O iso) (20.41 -32.@%), 1 1-methyldodecanoic acid (13:O iso) (7.6 1- l3.66%), 14- 

methyIpentadecanoic acid (16:O iso) (5.26-8.65%), exadecanoic acid (16:O) (4.60-15.38%), 

15-methylhexadecanoic acid ( 17:O iso) (5.44- 10.37%) and cis-6- 15-methylhexadecanoic acid 

(i- 17: 1 w iOc) (2.87- 1 1.27%) (Table 6). 

3.3.4. Relationship between B. cereus isolates from milk samples collected at each sampling 

point and the environmental swabs 

The number of B. cereus isolates isolated from the milk samples collected at each 

sampling point (raw milk, pasteurized milk and final products) and the environmental swabs 

allocated into each subgroup of the 'BCERMK' library is sumrnarized in Table 7. Five 

hundred forty-five B. cerew isolates were allocated into 18 different subgroups of the 



Table 7. The nurnber of B. cereus isolates h m  each sampling point of the miik p m s i n g  iines and 

environmental swabs allocated to each subgroup of the 'BCERMK' library 

Sub- The number of B. cerem isolates from each sampling point ? 

grOUP Heat-treared milk Pasteurized milk F Swab Total 

Tmck RT ProHTST HTST PT EiIler 

Total 18 70 
- . - - .- . - - 

t notations are the sarne as in Table 2. 



'BCERMK' Iibrary (Table 7). The common subgroups in the 'BCERMK' library for B. 

cereus isolates germinated from the spores in raw milk, from pasteurized milk and the final 

products were B, C, E, F, H, i, J, K, M, N, P, and Q (Fig. 4). The number of the B. cereus 

isolates in those comrnon subgroups of the 'BCERMK' Iibrary accounted for 94.8% of ail 

isolates tested. Predominant subgroups of B. cereus isolates in this category were B, C, H, 

1, and M, accounting for 77.3% of al1 isolates tested. A lot of B. cereus isolates in subgroups 

B, C, and M were found from RT through F while the distribution of isoIates was more 

uniform for groups H and J. The results may indicate that a selection for certain 

psychrotrophic B. cereus isolates existed in the dairy plants since only a small number of 

isolates isolated from Truck samples were distributed into subgroups B, C and M. Specific 

subgroups of B. cereirs isolates only found in pasteurized milk and final products (A, D, G, 

O, R) accounted for 3.7% of ail isolates, and a specific subgroup (L) of B. cereus isolates 

only found in heat-treated milk and final products accounted for L -5% of al1 isolates tested. 

B. cereus isolates from environmentai swabs were allocated into C, I and M and no specific 

groups were found. These results showed that a greater variety of subgroups was found for 

B. cereus isolated from pasteurized milk than for those isolated from germinated spores in 

raw milk and more different B. cereus subgroups were isolated from fina1 producrs than from 

in-Iine samples of pasteurized milk, indicating that post-pasteurization contamination with 

B. cereus in pasteurized milk occurred and that the HTST pipes, pasteurized milk tanks, and 

fillers might be potential reservoirs for B. cereus within a dairy plant (Table 7). 

3.3.5. Relationship between B. cereus isolates from different dairy plants 

63 



S wabs 

Past. 

A B C D E F G H I J K L M N O P Q R  

Subpup of the 'BCERMK' library 

Fig. 4. ïhe  murber ofB. cereus isohtes h m  kat-treated rmk (Heat), pasteurid rriik (Past.), fnial 
products (F) ard environnientai swabs (Swab) allocated into each subpup of the 'BCERMK' bmy 



The number of B. cereus isolates from two dairy plants aiiocated into each subgroup 

of the 'BCERMK' library is summarized in Table 8- The common subgroups for B. cereus 

isolates from plant 1 and plant II were A, B, C, D, E, F, G, H, 1, I, L, M, N, and Q (Fig. 5). 

The number of B. cereirs isolates in those cornmon subgroups of the 'BCERMK' library 

accounted for 90.3% of al1 isolates tested. Predominant subgroups of B. cereus isolates in 

this category were B, C, H, 1, and M, accounting for 77.6% of ail isolates. However, specific 

subgroups of B. cereus isolates found only in plant 1 were K, O, P and R. The number of B. 

cereus isolates in these subgroups accounted for 9.7% of ail isolates. One B. cereus isolate 

isolated from a filler in plant II was not clustered into any subgroups of the 'BCERMK' 

library since the similarity index was less than 0.300. The isolate was identified as B. 

mycoides subgroup B by the MIDI library. 

3.3.6. Relationship between B. cereus isolates isolated from different sarnpling months 

The nurnber of B. cereus isolates fiom different sampling months ailocated into each 

subgroup of the 'BCERMK* library is summarized in Table 9. The common subgroups for 

B. cereirs isolates from a11 sarnpling rnonths were B, C, 1 and M. The number of the B. cereus 

isolates in those cornmon subgroups of the 'BCERMK' library accounted for 63% of al1 

isolates tested. In the subgroups of B, C and H, a greater number of B. cereus isolates were 

found in the later sampling season (from May to Septernber) than in the early sampling 

season (March and April). The B. cereus isolates obtained from May were most diversified 

and classified into 14 groups. The 'plant specific' subgroups K, O and P in plant 1 were also 
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Table 8, The number of B. cereus isolates h m  plant 1 and plant II allocated to each subgroup of the 

'BCERMK' tibrary 

Sub- The number of B. cereus isolates 

W U P  Plant 1 Plant II 

Swab Heatt Pastt F t Total Heatt Pastt Ft Total 

Total I: 7 94 137 74 312 87 
t Heat, Past. and F = heat-treated milk, pasteurized milk and final products; 

$One B. cereus isolate from a filler in plant U was not clustered into any subgroup of the 'BCERK' library. 



@ Plant ïï 

~ i a n t  I 

A B C D E F G H I J K L M N O P Q R  

Subgroup of the 'BCERMK' iibrary 

Fig. 5. The n h e r  of R. cereus isoiates from two dairy phnts aiiocated into each subgroup of the ' 
BCERMK' hary 



Table 9. The number of B. cereus isolates from each sarnpling month docated to each 

subgroup of the 'BCERMK' iibmy 

Su b- The number of B. cereus isolates 

Juiy August Sept. I t  Sept. iI? 

t : Stands for samples collected in plant 1 and plant II. 



mainIy isolated in May. Specific subgroups of B. cereus isolates were found for April (R) and 

July (G). The subgroup P mainly consisted of B. cereus isolates collected from May.. 

3.3.7. Relationship between B. cereus isolates based on the 'MI' library 

The results of the allocation of 546 B. cereus isolates are shown in Table 10. Three 

hundred and forty-three B. cereus isolates (63%) were allocated to 'MI' library and classified 

into Mi 4, Mi 5, Mi 6, Mi 8, Mi 9, Mi 10 and Mi 11 subgroups. No isolates were dustered 

into Mi 1, Mi 2, Mi 3 and Mi 7 subgroups of the 'MI' Iibrary. The common subgroups for 

B. cerercs isolates g e ~ n a t e d  from the spores in raw milk and B. cereus isolates in 

pasteurized milk and the final products were Mi 4, Mi 5, Mi 6, Mi 9 and Mi 11. However, 

a greater number of B- cereus isolates was found in the pasteurized milk and final products 

than in heat-ueated milk in the subgroup Mi 4 in plant 1. B. cereus isolates in the subgroup 

Mi 8 were obtained only from plant 1. 

3.4. DISCUSSION 

The incidence of B. cereus in milk sarnples and distribution of B. cereus arnong the 

sarnpling points dong milk processing lines (from raw miIk in the truck to the final products 

in the bags or cartons) and from environmental swabs in two dairy plants were investigated 

in this study. The incidence of B. cereur in milk sarnples and the average counts of B. cereus 

in the positive sarnples of heat-treated milk, pasteurized milk and final products were similar, 

suggesting that B. cemus found in the pasteurized milk and final products were likely to be 

derived from the germination of spores present in the raw milk. B. cereus present in the 



Table I0,The number of B. cereus isolaies from each sampling point of the milk processing lines and environmental swabs in plant 1 

and plant II allocüted to each subgroup of the 'MI' library 

Sampling The number of B. cereus isolates in each subgroup 

locations Plant 1 Plant II 

Mi4 Mi5 Mi6 Mi8 Mi9 MilO M i l l  oiher Mi4 Mi5 Mi6 Mi8 Mi9 MilO Mil 1 ollier 

Truck O O O O 2 3 3 O O 1 6 O O O O 3 

ProHTST 2 2 4 I 8 O 19 16 10 5 I O 1 1 7 16 

HTST 4 4 5 2 O O 7 24 6 7 7 O 1 O 10 1 O 

Filler O O O O O O 1 2 5 I 3 O I O 3 14 

Swab O 1 O O 4 O O 2 O O O O O O O O 

Total 48 24 23 7 27 5 76 102 36 23 28 O 8 2 37 100 
t notations are the same as in Table 1 
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environmental swabs indicated that the dairy plant environment was another source of B. 

cereus in the pasteurized milk. Altematively, environmentai contamination of dairy plants 

could be a result of contaminated milk. The incidence and the average counts of B. cereus 

in raw milk that was incubated at 8°C for 3 days could not be compared with those obtained 

for pasteunzed milk stored 8 OC for 14 days. However, determination of B. cereus in raw 

milk at 8°C for more than 3 days was difficult due to the overgrowth of the spoilage 

microorganisms. The incidence of B. cereus in milk samples and distribution patterns of B. 

cereus arnong the sarnpling points dong the rnilk processing lines and environmentai swabs 

were similar in the two dairy plants. The incidence found in this study was higher than in 

previous reports in Scotland (Griffiths and Phillips, 1990) and Netherlands (Te Giffel et al., 

1996). In Scotland, spores of psychrotrophic Bacillus species have been isolated frorn 58% 

of raw milk samples tested and 94% of the positive milk sarnples had counts above 1 x l d  

CFUIml after the milk was stored at 6°C for 14 days (Griffiths and Phillips, 1990). in the 

Netherlands, thirty five percent of heat-treated milk sarnples, 6 1 to 7 1 % of pasteunzed milk 

samples and 7 1% of final products have been found to contain B. cereus when milk sarnples 

were pre-incubated at 30°C for 6 hours. however, the authors did not report the counts of B. 

cereus in the positive milk samples (Te Giffel et al., 1996). In addition to the differences of 

milk sources and dairy environment, the enrichment conditions could be one of the factors 

accounting for the differences between the previous studies and this investigation. The results 

obtained in this study could be more useful to the dairy industry since the enrichment 

condition used was 8°C for 14 days. The temperature of 8°C for milk storage and 

transportation is not unusual and the storage duration of 14 days is around the best before 



consumption day. The average counts of B. cereus in the positive miik sarnples were sirnilar 

to a previous report in which B. cereus counts of 107 - le CFUM in pasteutized milk (iïïST 

at 72 to 80°C for 15 s) were found when milk samples were stored at 7S°C for 12 to 14 days 

(Langeveld and Cuperus 1993). 

Most B. cereus isolates from both heat-treated milk and pasteurized milk sarnples or 

the final products were allocated into the common subgroups of the BCERMK library, 

indicating that B. cereus spores in raw miik were a major source of B. cereus contamination 

in pasteurized milk. This finding is sirnilar to previous reports (Griffiths, 1992; Crielly et al., 

1994). However, the presence of a specific subgroup of B. cereus isolates (A, D, G, O and 

R) and significant increase in the number of B. cereus isolates in a specific subgroup in 

pasteurized milk (C) and final products (Q) in cornparison with raw milk suggested that post- 

pasteurization contamination, including from equipment dong the rnilk-processing lines and 

packing materials was possibly another source of B. cereus in pasteurized milk. It has been 

reported that a large number of B. cereus in pasteurized milk was derived from the dairy 

(Davies, 1975; Coghill, 1982). Te Giffel et al. (1996) revealed that some biotypes of B. 

cereus were only detected after the pasteurization process- However, more environmental 

swab sarnples should be analysed to further confinn-the results. The fact that a large number 

of B. cereus isolates were found in raw rnilk tanks through to final products while only a 

srna11 number of isolates were isoiated fiom Truck samples might indicate selection for 

psychrotrophic B. cereus isolates in dairy plants. However, more sarnples of truck milk 

shoutd be analysed to venfy the results. 

The presence of specific subgroups of B. cererrs isolates in different dairy plants may 



suggest that the plants themselves are the post-pasteurization contamination sources- 

Altematively, different sources of raw miIk for each plant rnay explain the presence of plant- 

specific B. cereus isolates. Collecting sarnples in two dairy plants at the sarne time of year 

could reduce the seasonai changes and would help locate the 'plant-specific' B. cereus 

isolates more easily. Existence of pIant-specific isolates has been previously reported 

(Schraft, et al., 1996). 

An increase in the number of B. cereus isolates in the subgroup C and H in the 

surnrner season, and the presence of the specific B. cereus isolates in April, May and My, 

indicated that seasonal changes of B. cereus in milk was evident. However, no attempt was 

made to accurately investigate the seasonal changes in the B. cereus counts. The higher 

counts of B. cereus found in milk or milk products in summer seasons (Christianson et al., 

1989; Phillips and Griffiths, 1986) could be due to the increase of the number of the sarne 

B. cereus isolates and/or the presence of new sources of B. cereus isolates. 

The resuIts of alIocation of the B. cereus isolates isolated from the milk sarnples 

dong the milk processing lines and from environmental swabs in two dairy plants to 'MI' 

library confimed the results abtained by allocating B. cereus isolates into the 'BCERMK' 

library. However, 36% of the B. cereus isolates could not be dlocated into any subgroups of 

the 'MI' library. The 'BCERMK' library is, therefore, more appropriate for ailocating B. 

cereus isolates from dairy plants. 



CHAFER 4. GENERAL DISCUSSION AND FUTURE WORK 

4.1. General discussion 

The ubiquitous presence of B. cereus in nature makes contamination of foodstuffs 

with this organism a common phenomenon. Gastrointestinai disease and non-gastrointestinai 

infections caused by this organism are more widespread than once thought and the incidences 

are also probably higher than reported. 

The incidence of B. cerem and the average counts of positive milk sarnples collected 

from various sarnpiing points of the milk-processing lines and environmental swabs in two 

independent dairy plants were investigated in detail in this research. The incidence and the 

average counts of B. cereus in heat-treated milk, pasteurized milk and Final products were 

similar, indicating that B. cereus present in heat-treated milk, pasteurized milk and finai 

products were possibly derived from its spores in raw rnik. 

Traditional microbial identification and classification methods for B. cereus, such as 

biochemicaf properties, serological typing and detection of its toxin are time-consuming and 

rapid methods, such as RAPD-PCR and PCR-RFLP are expensive. Fourier Transfonn 

infrared spectroscopy (Fm) and Microbial Identification System (MIDI) methods are 

simple, fast and relatively inexpensive to perform. The FTIR technique was successfully 

employed in this study to identify and classify B. cereus strains based on the specific 

absorbance peak between wavenumbers 1738 - 1740 cm-'. However, ETlR was not able to 

differentiate B. cereus from B. thuringiensis and B. mycoides based solely on the specific 

absorbance peak. Furthemore, a wider range of B. cereus strains and rnixed cultures of B. 



cereus with other bacsria shouId be investigated in ocder to estabtish a standard database for 

further identification and classification. 

Analysis of fatty acid profiles of B. cereus using the MIDI-system showed that B. 

cereus spores in raw milk were the major source of B. cereus in pasteurized milk and that 

post-contarnination dong the miik-processing lines or from packing materials was possibly 

another source. 

Since bacteria can aiter the fatty acid composition of cells to maintain membrane 

fluidity with varying environmentai conditions, and the MIDI libraries rely on qualitative 

(which compounds are present) and quantitative (area percentages) analysis, it is essential 

to keep the culture medium, the time and temperature of incubation and sample preparation 

procedures the sanie as the MIS standard libraries to ensure reproducibility of results. The 

reproducibility of each sample run was determined by repeated analyses of the FAME 

profiles of Stenotrophomonas maltophilia ATCC 13637. The change in ED was less than 2.5 

ED for this strain through the entire expriment, indicating that the reproducibility was high 

and the instrument was stable, since the cut-off value of 2.5 ED was considered critical for 

identification of the same strains (MIDI operating manual version 4, 1993). The 

reproducibility of B. cereus fatty acid profile was also tested in 32 isolates randornly taken 

from 546 isolates. The 32 isolates were analysed twice by MIDI and allocated to the 

subgroups of BCERMK. The reproducibility of the same isolate classified into the same 

subgroup of these libraries was 72%. The Iow reproducibility could be due to the isolates 

used for the repeat experiment, which were from sequential subcultures, i.e., fourth 

subculture. It has been found that sequential subcultures can cause great variation in MIDI 



anaiysis (Schraft, et ai., 1996). 

Various factors including medium, reagent preparation, growth temperature, growth 

rate and instrument could affect the phenotypic expression of relative arnounts of fatty acids 

within bacterial cells even though standardized protocols were used in this research. The 

Eïndings obtained in this research should be c o n f i e d  with molecula. methods. RAPD-PCR 

and PCR-RFLP are increasingIy exploited for epidemiological typing of rnicroorganisms, eg. 

Listeria spp., Campylobater spp., Staphylococcus aureus, B. cereus (Mazurier and Wemars, 

1992; Mazurier et al., 1992; Schraft et al., 1996). 

As discussed above, data have been presented to demonstrate that B. cereus spores 

in raw rnilk are the major source of B. cereus in pasteurized rnilk, however, more detailed 

analyses should be conducted to prove whether post-pasteurization contamination is another 

source. The new and specific groups of isolates isolated from pasteurized rnilk in this 

research were not always conclusively clustered into the sarne subgroups of B. cereus 

isolated from the environmental swabs. This could be due to the inadequate sarnpling 

because environmental swabs were only collected from fillers in plant 1 and B. cereus in 

pasteurized rnik could be from other sarnpling points such as valves, flanges or shafts which 

would be difficult to sample. Components with seals have been found as the critical points 

of microbial re-contamination of food (Pfeifer and Kessler, 1995). Therefore, more 

environmental swabs should be collected to confirm the results. 

4.2. Intervention strategies to rninirnize the sources of contamination of pasteurized milk 

with B. cereus 



Since spores in raw milk have been found to be a major contamination source of B. 

cerem in pasteurized milk, special care to reduce the B. cereus spores in raw milk needs to 

be taken on the farm. The contamination sources of B. cereus at the farm may corne from the 

udder of cows, the milkers, the milking utensils and environment. The udder and teats may 

becorne contaminated by soil, fodder and faeces. The rnilker, utensils and environment 

during milking c m  also play a part in the contamination of the raw milk when the cleaning 

and handIing systern is not effectively under control. 1t is therefore very important to clean 

the udder and the teats and keep equipment and the environment clean. Sanitkation system 

for the milking system and cow sheds that are effective to control B. cereus have to be 

established on the fann. Transportation and storage of the raw milk should be performed 

under strict sanitary conditions. 

Another contamination source of the raw milk may corne from transport and storage 

in the dairy factory, eg., B. cereus spores aiready present in the tanks or pipelines, Thus, 

effective cleaning procedures to remove B. cereus dong the process lines have to be 

developed. Stimulating the germination of B. cereus spores by low pasteurization 

temperature or a combination of heat treatrnent with various agents, such as L-alanine, or 

inosine may be used to effectively kill al1 spores in the rnilk-processing lines. A minimum 

of 15 min at 85°C for sanitizing milk pasteurization plants or 15 min at 140°C to 150°C for 

ultra-high temperature (WU') plants recomrnended by the International Dairy Federation 

(International Dairy Federation, 1980) should be enforced. 
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APPENDICES 

Polyrnyxin B-egg-Yoik- Mannitol bromo thymol blue agar (PEMBA): B. cereus 

selective agar base (20.5g; Oxoid) was suspended in 475 ml distilled water in a 1000 ml flask 

and heated to dissolve the agar completely. The agar solution was then autoclaved at 12 1°C 

for 20 min and cooled to until 50°C in the water bath. One vial polyrnyxin B (SR99; 

reconstituted with 2 ml sterilized water) and 25 ml egg yolk emulsion (SR45) were 

aseptically added and mixed well with the media. The media was poured into sterile petri 

dishes. 

Broth heart infusion (BHI) agad brot.!: BHI agar and BHI broth were prepared 

following the instructions of the manufacturer and autoclaved at 121°C for 20 min. The BHT 

agar was aseptically dispensed into petri dishes and BHI broth was stored in bottle for use. 

Butterfield's Phosphate-Buffered Dilution Water (Hannon, et al., 1992): Thirty-four 

gram KKPO, was dissolved in 500 mi distilled water and the pH was adjusted to 7.2 with 

1N NaOH. The final volume of the solution was adjusted to 1 litre with distilled water. The 

solution was autoclaved at 121°C for 20 min and stored it in the refrigerator for use. 

Medium for frozen strain stock (per 100 mi) (Doi and McGloughlin, l992b): One gram 

of peptone, 5 ml 1M Mg SO, and 10 ml of glycerol were dissolved in 50 ml distilled water 

in a 200 bottle. The final volume of the solution was adjusted to 100 ml and autoclaved at 



121 O C  for 20 min. 

Hydrogen peroxide solution (3%): Three ml of 30% H,O, solution was made of 30 ml 

with distilled water in a 100 ml bottle. 

Gram staining: One colony was suspendeci in a drop of 0.85% NaCl on a glas slide by 

adding a drop of 0.85% sodium chloride and the colony was fixed over a flame. The slide 

was immersed in crystai voilet for 2 min, and washed in tap water, After drying, the slide was 

immersed in iodine (mordant) for 3 min, rinsed and dried again. The treated slide was then 

washed in a solution containing aicohol and acetone (3: l), followed by wash in tap water 

then dried. Finaily, the slide was immersed in safranine solution for one minute, washed in 

cap water and dried. The slide was examined under a microscope 

Trypticase soy agar: Trypticase soy agar (TSA) was selected to be a standard medium 

for aerobes growth in MIS anaiysis. Thirty grams of Trypticase Soy Broth (BBL # 43 1 177 1) 

and 15 gram granulated agar (BBL # 43 1 1850) were dissolved in 1 litre distilled water and 

prepared in a automatic media preparation machine. The medium were autoçlaved for 15 min 

at 12L°C under 15 psi, then cooled down to 55°C. Around 20 ml of medium solution was 

asepticdly dispensed into sterile petri dishes. When the agars was solidified at room 

temperature and stood for 24 hrs prior to packing in sterile sleeves and stored at cool room 

at 4°C for use. The storage duration of the media for MIDI use was not longer than 30 days. 

Preparation of reagents: During the reagent preparation and fatty acids extraction, the 



culture tubes, screw caps, reagent bottles etc contacted with reagents were only made of 

Teflon or glas materials. 

Reagent 1 (saponification reagent): Forty-five grams of NaOH pellets (Certified CAS, 

Fisher) was added to 150 ml deionized distilled water (Millique) and 150 ml methanol 

(Reagent grade, Caiedon) was ais0 added while the solution was stimng until the sodium 

hydroxide pellets were dissolved cornpletely. 

Reagent 2 (Methylation reagent): Two hundred seventy-five ml methanol (Reagent 

grade. Caledon) was added to 325 ml 6.00N hydrochloric acid (Baker) and rnixed weII. 

Reagent 3 (Extraction solvent (hexandMTBE)): Two hundred ml of methyl-tert Butyl 

Ether(MTBE) (HPLC grade, Fisher) was added to 200 ml hexane while the solution was 

stimng until rnixed well. 

Reagent 4 (Base wash): Ten point eight grarns sodium hydroxide (certified ASC. 

Fisher) pellets and 15 gram sodium chioride (Anachernia) were dissolved completely in 900 

ml deionized distilled water (Millique). 
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