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N. AtsST'R.ACT'

Shelf life extension of refrigerated ground beef by irradiation has been

investigated. It has been shown that refrigeration at 4'C, and the use of

controlled atmosphere packaging in conjunction with irradiation at a

radurízation dose level of 2.5 kGy is effective in extending the shelf life of

ground beef. All irradiations \Ã¡ere carried out in evacuated dual bags (anaerobic)

on ice (0-2'C) to minimize the formation for radiolybic products, particulariy

Iipid peroxides. The dual bag packaging system consisted of an inner oxygen

permeable bag surrounded by an outer oxygen impermeable barrier bag. The

removal of the outer bag facilitated the reintroduction of oxygen during storage

in the inner singie bag by normal diffusion, Dual (anaerobic) and singie

(aerobic) bag storage \À¡ere investigated to assess their effect on germination and

outgrowth of inoculated clostridial spores to address the question of safety.

Inoculation pack studies using Clostridium sporogenes as an indicator

organism for C. botuiinum were conducted at refrigerated and abuse

temperatures. Growth of C. botulinum is associated with toxin formation. A

selective/differential assay was developed to monitor C. sporogenes in the high

background microflora contained in stored radurized ground beef. Work on

establishing the safety of the ground beef patties was done first, followed by
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investigation into the extension of shelf life"

The safety of the product/process was demonstrated as there was no

growth of inoculated,C. sporogenes in radurized ground beef patties at storage

temperature of less than or equal to l5'C up to four weeks of storage in either

packaging condition. There was growbh during storage at 22" C in both types of

packaging conditions but was slightty earlier in the single bag (aerobic).

However spoilage was detectable in both types of packaging conditions due to the

surviving microflora, prior to the growbh of c. sporogenes.

Refrigerated (4'C) shelf life extension of radurized ground beef patties

was also demonstrated in this study. Patties stored in dual bag packaging had

a microbiological shelf life of >24 days while single bag packaging gave

acceptable product up to 16 days. Effective shelf life was limited by unacceptable

patty odour to be 19 and 16 days in the dual and single bag, respectiveiy' Colour

stability was poor in both types of packaging conditions but improved by the

addition of 0.L7o ascorbic acid.

The radurization of fresh ground beef patties, in conjunction with

controlled atmosphere packaging, can extend refrigerated shelf life, without

increasing the botulism hazard even if oxygen is not reintroduced (dual bag

package).
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2. TNTROÐ{JCTTON

The extension of shelf life in refrigerated meat products (Palmin et al.,

I97A;Urbain, 1983), specifically ground beef by irradiation, has been documented

(Niemand et a1., 1983; Tiwari and Maxcy, 1971). Irradiation dose of >2 kGy

(radurization) faciiitates this extension by reducing the number of spoilage

organisms. An irradiation dose of >2 kGy has been shown to insure the

elímination of vegetative pathogenes, such as Salmonella. In lipid rich foods

rad.iolysis can lead to lipid peroxidation, which reduces the sensory qualities of

the product. Therefore, irradiation under anaerobic conditions is desirable since

this environment reduces the amount of radiolytic products formed (Nawar,

1983; Deiincee, f983).

Since the radiation D16 value of C. botulinum spores is much greater than

that of the vegetative spoilage and pathogenic organisms (Banw art, L979; Singh,

1987), they can survive a radurization dose, creating a safety hazatd. This

botulism safety conceïn is associated with storage in anaerobic packaging, if

there is temperature abuse. The concern is that the shelf life may be extended

in such a manner that detectable spoilage does not occur prior to toxin

production by surviving C. botulinum.

The presence of oxygen is one of the factors that can inhibit the
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germination and growbh of C. botulinum. The aim of this research was to

investigate the use of a dual bag packaging system to reintroduce oxygen after

radurization to improve safety and to reduce lipid peroxidation. The

reintroduction of oxygen after irradiation \Mas expected to be facilitated by the

removal of the gas barrier outer bag, exposing the permeable inner bag of the

packaging system to air. This would result in slow diffusion of oxygen at a

known rate from the permeability characteristics of the inner bag'

Inoculation pack studies using C. sporoqenes spores as an indicator

organism of C. botulinum \trere undertaken to monitor the potential botulism

safety concern. The concern was that if clostridial spores were present in ground

beef patties, and if the shelf life of the patties \Mere extended by radurization

(destroying vegetative pathogens), they could survive this dose levei and

germinate and outgrow prior to detectable spoilage if the patties were packaged

in a low oxygen environment. The use of a Controlled Atmosphere Packaging

(cAP) system which would. allow for the irradiation of the patties in an

anaerobic condition (to limit production of radiolytic products and improve

subsequent patty quatity) followed by the reintroduction of air into the package

as an inhibitor of clostridiai growbh was therefore investigated'

The raduúzation of fresh ground beef patties, in conjunction with CAP,

was investigated to determine if refrigerated shelf life could be extended, and if

safety under temperature abuse conditions (up to 22'C) could be augmented'

The bright red colour of ground beef is perceived as an important
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attribute by consumers. The addition of ascorbic acid was examined as a method

of improving the colour stability of ground beef patties during refrigerated

storage.
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g. T,TT'ER.AT'{JRE R,EVNEW

3"X Shelf Life Exôe¡lsi.om

The benefits of extending the shelf life of ground beef patties include

reduced waste at the retail and consumer level, as well as facilitating the more

economic large centralized. processing, which reduces unit cost due to volume

purchasing and wider distribution routes (Agriculture Canada, f990). The

extension of ground beef shelf life has been achieved by using reduced storage

temperatures, modified atmosphere packaging (MAP), controlled atmosphere

packaging (CAP) (Genigeorgis, 1985; Hintlian and Hotchkiss, 1986; Hotchkiss,

lgSB; Silliker and Wolfe, 1980), and irradiation. Shetf life may be defined as the

number of days a product is safe and is deemed acceptable by the consumer'

from the day of its production. A product ís only acceptable if its basic quality

attributes are met. Kramer and Twigg (1984) stated that the sensory qualities

of concern were; appearance (colour , size, shape), kinesthetics (texture, viscosity,

consistency), and flavour (odour, taste).

Hidden attributes, such as wholesomeness (nutritive value, microbiological

quality) often can not be detected by the consumer but are technically important

criteria for shelf life. Microbiological quality is composed of two parts; spoilage

organisms which affect the odour and pathogenic organisms which give rise to



safety concerns. There is concern that if the spoilage organisms are suppressed

in order to extend the shelf life, there is the possibility that pathogenic

organisms may flourish with the spoilage not being detectable to the consumer.

Rancidity is the flavour attribute of most concern in ground beef due to its high

fat content (10-307o). Further a bright red colour is desirable in ground beef as

it is associated with freshness.

The initial microflora of ground beef has been investigated by several

researchers (Chambers et aL, 1976; Duitschaever et al.; 1973; Kotula et al',

1987); Shoup and Obiinger, 1976; Westhoff and Feldstein, 1976). Many of these

studies amongst others (Johnson et al., 1979) show that bacterial leveis found

in ground beef, in part, reflect the levels present on the surfaces of carcasses at

the time of deboning and grinding.

The succession of microflora in aerobically packaged ground beef during

refrigerated storage has been identifîed (Ayres et al., l9B0; Rhee et al., 1985).

Although pseudonmonads are the major bacteria present in ground meat, others

that have been identified, in much smalier numbers, are Micrococcus species,

Brochothrix 'thermosphacta, Cornyeform bacteria, heterofermentative

Lactobacillus and Staphylococcus species (Rhee et a1., 1985; Singh, 1987). The

dominant spoilage organism, in ground beef is the pseudomonades group. In

vacuumed packaged ground beef, Lactobacilli become the predominant bacteria

on refrigerated storage (Lee et al', 1984).

The spoilage microflora during storage is affected by intrinsic (pH,
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moisture content, initial microbial load, additives) and extrinsic factors (storage

temperature, packaging condition, processing operations). The storage condition

and microbiai load of the meat trim and fat used to make ground beef after

grinding affects the initiai microflora (Johnson et a1.., 1979). The initial

microbial load will in turn have an effect on the rate of microbial spoilage

(Madden and Moss, 1987).

Myoglobin is the main pigment in meat. Colour intensity is a function of

myogiobin can exist: reduced myoglobin (red-purple), oxymyoglobin (bright red),

and met myoglobin, L973; Seideman et al., L984; Singh, 1987). Although these

three forms generally exist in a dynamic equilibrium with each other depending

on the conditions, other irreversible oxidation forms are known (Francis, 1985).

The form in which myoglobin exists is determined by: oxygen tension, pH, salt

concentration, ultraviolet light, temperature, carbon dioxide, and microbial

growth (Rhee et a1., f985). Bala et aI, (L977) showed microbe growth, with the

resultant production of lipoþic and proteoþic enzymes, degraded the fat and

protein in ground beef causing discolouration. In general if the oxygen

concentration is <0.2Vo,0.5-L.3Vo, or >7.9-10.5Vo, the pigment form is reduced

myoglobin, metmyoglobin, or oxymyogiobin, respectively (Govindrajan, 1973).

Work on some of the factors that affect the shelf life of ground beef are briefly

reviewed below.
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Storage of ground beef below tine fteezing point (frozen storage) can yield

an extremely long microbiological shelf life. There are some sensory limitations

because loss of moisture (thaw exudate) and freezer burn can limit the time that

colour and texture are acceptable after thawing (Andersen et al., 1990; Berry and

Leddy, 1989; Bhattacharya et al., 1988a; Tutuncu et a1., 1990). The influence of

freezing during storage in various types of packaging on lipid oxidation is also

a concern (Bhattacharya et a1., 1988b). There is also a consumer trend towards

foods which are not perceived as fresh, compared to those that are processed.

The reduction of storage temperature while still above the freezing level is an

important option alone or in conjunction with other methods, in extending the

shelf tife of ground beef (Jaye et al., 1962; von Holy and Holzapfel, 1988).

Reduced. temperatures retard the growbh of microorganisms present (Ayres et al.,

1980; Jay, 1970) and the rate of lipid oxidation.

3.1,.2 Modifíed .&tmosphene Fachagrnxg (MAP)

MAP is the packaging of a product in a high gas barrier material, with the

gas environment changed once. Oxygen (Baran et a1., 1970), carbon dioxide

(Bentley et a1., 1989; Madden and Moss, 1987), and nitrogen (Bentley et al.,

1989; Lee et al., 1984) and combinations of these gases (Bentley et a1., 1989;

Hess et al., f980) have been investigated to determine their effect on shelf lífe

of ground beef. Bentley et al. (1989) compared the shelf life of ground beef
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patties packaged in CO2, N2 and under vacuum, They found that a shelf life

(microbial and sensorial) of 7 days was possible on storage at 2'C under most

of these packaging conditions. Vacuum packaging is a form of MAP with the gas

environment removed from the package. Baran et al. (197), Grau (1978) and von

Holy and Holzapfel (1988) have also investigated shelf life extension of ground

beef by vacuum packaging. Nassos et ai. (1983) showed vacuum packaging

resulted in reduced pH, whiie lactic acid concentration and percentage of lactic

acid bacteria in the microflora increased.

Duan et al. (f971) and Huffman et a}. (1975) showed that the gas

environment surrounding packaged meat had an effect on the colour of the meat.

When using oxygen contents high enough (7.9-L0.57o Or) for bright red

oxymyoglobin formation, it eventually leads to the deveiopment of the brown

coloured metmyogiobin and increased lipid oxidation upon storage.

The oxidation of the lipid portion of the ground beef gives rise to rancid

flavour. Increased presence of oxygen in a package over extended periods of time

leads to lipid oxidation and rancid flavour. Chen et al. (1984) found that vacuum

packaging reduced lipid peroxidation as measured with the 2-thiobarbituric acid

test (TBA) in ground meat from beef and pork. Lynch et al. (f986) likewise

found benefîts ni vacuum packaged ground beef which in this case resulted in

improved cooked flavour but the raw beef aroma was poorer than from ground

beef packaged in oxygen permeable bags. Extended storage in vacuum packing,

however, lead to decreased sensory (odour) scores due to increased lactic acid
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concentrations as a result of the growth of lactic acid bacteria (ldassos et al.,

1985). Oxidative rancidity in ground beef can be further reduced if carbon

dioxide is included in MAP packaging as compared to just vacuum packaging or

oxygen permeable packaging (Baran et a1., 1970; Rhee et al., 1985)'

3. X.3 Co¡atrolled ^&tro.osphene Faekaging (AAP)

CAP is the packaging of a product in a variable gas barrier material, with

the gas environment changed and selectively controlled. The gas environment

can be controlled by the degree of gas permeability of the packaging material or

by external means such as an external gas source. Generally, external

modification of the gas environment is used with bulk products such as fruits,

vegetable,s or bulk meat, Individual retail or consumer packs must rely on the

selection of the packaging material to control the environment since external

modification is expensive. Jay et al. (1962) and Baran et ai. (1970) compared the

effectiveness of CAP on microbiological quality of ground beef using low and

high oxygen packaging which showed that the former (low oxygen packaging

condition) effectiveiy inhibited aerobic growbh. For example, Baran et aI. (1970)

found. that while aerobic bacteria ceased to grow in low 0, packaging conditions

by day 6, they continued to grow until day 2Lin high 02 packaging conditions.

Grau (1978), Griffîn et al. (1982) and Savell et a. (1986) investigated the

effect of packaging material permeabiliiy on the stability of colour in vacuum

packaged beef.
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Andersen et aI. (1990) found lipid oxidation of ground beef in medium

oxygen permeable packaging (1000 sm3lmzlz| h at 25'C) increased with time

during storage, due to exposure to oxygen, fluorescent light, and addition of salt

to ground. beef. Griffin et al. (f982) examined a number of sensory attribute

with respect to packaging beef in films of various gas permeabilities.

3.X,.4 AddiÉives

The addition of sulphur dioxide or ascorbic acid is known to lead to

extension of shelf life of meats. von Holy and Holzapfel (1988) investigated the

addition of sulphur dioxide alone, and ascorbic acid in conjunction with vacuum

packaging which extended microbiological shelf life of ground hamburger at low

temperatures (O'C). Benedict et ai. (1975), Greene et al. (f971) and Shivas et

al. (fg34) found that there \ilas an increased colour stabiliiy and reduced lipid

oxid.ation by the addition of ascorbic acid to ground beef. Modic et al. (1982)

reported that the addition of sait and a mixture of citric acid and ascorbic acid

extend.ed the microbiological shelf life and the sensorial qualities of refrigerated

ground beef (5'C) by a factor of two.

Extension of the shelf life of ground beef may be accomplished by

inhibiting the growbh of spoilage microflora by maintaining or reducing the meat

pH. Modification of pH was investigated by adding lactic acid bacteria culture

(Reddy et al., 1970) and by the addition of glucose to provide a carbon source for

acid production by the natural microflora (Shelef, 1977). They were able to show
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an extension of shelf life of gtound beef from 5 days to B-10 days on storage at

5"C.

3"X..õ lrradiaúio¡a

Irradiation or processing with ionizing radiation is grouped into three

categories based on the applied dose. The dose range designations are:

radappertization (commercial sterility), >20 kGy; radicidation (destruction of all

non-spore forming organisms) < 10 kGy, and radurization (radiation

pasteurization < l0 kGy (Jay, 1970; Josephson and Peterson, 1983). The source

of the ionizing radiation can be radioactive isotopes (cesium-Iï7 or cobalt-60),

or electrical sources (electron beam accelerator, or X-ray; See Table on various

sources in Singh, 1991a).

9"1"5.x. Microbiology

The survivingmicroflora after irradiation are a function of the initial level

of the microfLora, and the effectiveness of the dose applied. The radiation

sensitivity (generally given as a D1s-value which denotes the dose required for

reduction of microbes by 907o of the initial load) varies among organisms. The

effectiveness of the dose apptied is in turn dependent on the food type,

temperature, percent oxygen and water activity (Aw) at the time of irradiation

(Maxcy, 1983).

Irradiation processing can extend the sheif life of ground beef by reducing
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the level of spoilage organisms present (Niemand et al., 1980; Tiwari and Maxcy,

1971). It can also make a product safer by eliminating/reducing pathogenic

organisms (Billon et al., l-968; Maxcy, 1983; Palumbo et a1., 1986; Tarkowski et

a1., 1984). The radiation Dr6-value or the degree of resistance of organisms

varies with species, (Banwafi,1979;El-Zawahry and Rowley, L979; Lambert and

Maxcy, 1984; Palumbo et ã1., 1986; Tarkowski et â1., 1984), irradiation

temperature, and gas atmosphere during irradiation (Maxcy, 1983)'

As with MAP and CAP technolory, there is concern that irradiation at

sub-sterilization levels may be selective towards spoilage organisms, allowing

spore forming pathogens to preferentially proliferate (Farkas, 1989; Maxcy,

1983).

Spoilage:

The dominant spoilage microflora of ground beef changes depending on

the dose applied and the storage conditions after treatment. Maxcy (f983)

reviewed the factors affecting the presence of residual organisms in food after

substerili zationd.oses. Okafor (f9?3) investigated various irradiation doses and

storage temperatures on vacuum packaged ground beef and found that at 1 kGy

dose pseudomonades and microbacterium did not survive, and at 3 kGy dose

some of the lactobacilli, yeasts, streptococci, coliforms and micrococci survived.

Ayres et al. (1980) also found that yeast of the genera Torulopsis, Candida, and

Rhodotorula became the dominant spoilage organisms in refrigerated ground
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beef when bacterial levels were reduced by pasteuúzing doses of irradiation or

by chemical additives such as sulphur dioxide (von Holy and Holxapfel, 1988)"

Johannsen et al. (1984) and Niemand et al. (1983) observed that when vacuum

packaged hamburger packaged in an oxygen permeable film was irradiated with

a dose of 2.4 kGy and stored at 4" C, lactic acid bacteria and yeast were found

to dominate.

When using radappertization doses (>20 kGy), the highiy radiation

resistant vegetative surviving microflora included Moraxella acinetobacter and

Micrococcus radiodurans (Bruns and Maxcy, L}l};Firstenberg-Eden et al', 1980;

Ma and Maxcy, 1981). However, Snyder and Maxcy (1979) determined that the

surviving M. acinetobacter cells did not grow in ground beef unless watet was

added to increase the a*.

Faúhogens:

Several researchers have investigated the elimination of vegetative

pathogens of public health concern from ground beef using irradiation. It was

concluded that a dose of 2-2.5 kGy would reduce the presence of salmonella

(Maxcy, 1983; Billion and Serrano, 1968), Yersinia enterocolitica and

Campvlobacter jeiuni (Maxcy, 1983) from the levels commonly found in ground

beef to those presenting no danger to the consumer. Radurization ieveis of <2.5

kGy should eliminate vegetative pathogens at the contamination levels found in

ground beef, while red.ucing but not eliminating spoilage organisms due to their
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higher initial concentrations.

The Dr6-values of Clostridium botulinum spores in ground beef were

investigated by Anderson et ai. (1967), Bruns and Maxcy (1978), Fernandez et

al. (196g) an¿ Grecz et al. (1971). The much higher Dro-value of the clostridial

spores as compared to those for the spoilage organisms and vegetative pathogens

means that a dose that destroys the spoilage organisms wiil not eliminate the

most resistant clostridial spores. Thus, if tow oxygen packaging conditions exist

in conjunction with radurization there is a botulism safety concern about the

possibility of toxin production, as with MAP packaging. In fact, even though the

radappertization doses of greater than 20 kGy would reduce many of the spores

they can not destroy preformed C. botulinum neurotoxin type A (Fernandez et

al., 1g68; Rose et al., 1988) or staphylococcal enterotoxin A in ground beef (Rose

et al., lgSS). Thus, proper handling of meat prior to radurization, as in any

other processing method, is of paramount importance since irradiation at even

high doses will not eliminate pre-existing toxins.

3.L.õ.2 Coloun

Richards and. Morrison (1971) studied the effect of various irradiation

doses and packaging conditions with refrigerated storage on the colour of fresh

beef slices. The packagrng conditions investigated include oxygen permeable

(package 1) and barrier packaging (package 2), as well as permeable packaging

overwTapped with a barrier package (package 3). The latter "dual" packaged
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irradiated beef (package 3) was stored for various times at 4.4" C before removal

of the outer oven /Tap.

S.X..5"3 SensorSr

Irradiation off-flavour and off-odour components from ground beef

(radappertized, n the presence of air) were identified by Batzer et al. (1959) and

Wick et al. (f967). Wick et al. (f969) narrowed down the voiatile components

of irradiation odour in ground beef to methional, l-nonanal and

phenylacetaldehyde (Reineccius, 1979; Singh, f991b). Cohen et al. (L977) found

slightly reduced but acceptable sensory scores for radiation sterilized vacuum

packaged ground beef. Niemand et al. (1980) reported that in vacuum packaged,

radurized (up to 3 kGy at 25'C) ground beef the sensory panel was able to

detect samples irrad.iated at does higher than2 kGy but did not find them to be

objectionable. Thus, keeping irradiation doses to a minimum is important for

maintaining good sensory attributes'

&"2 Mierobiologieal SafetY

The microbiological safety concern can be summarized as follows: if the

spoiiage organisms are suppressed in order to extend shelf life, there is the

possibility that pathogenic organisms may flourish with no detect spoilage.

Inoculation pack studies, i.e. the inoculation with the pathogen(s) of concern into
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the food studies and its storage under controlled abuse conditions (at eievated

temperature) are the common investigative research methods to determine the

safety of a process. Several workers have recently reviewed the safety concerns

associated with CAP/}IAP (Genigeorgis, 1985; Hintlian and Hotchkiss, 1986;

Hotchkiss, 1988; Sitliker and Wolfe, 1980). The vegetative pathogens which

present potential hazard, in meat are; Salmonella, Staphylococcus' and

Enterococci, while the spore former of concern are the proteolybic strains of C'

botulinum.

The microbiological safety concerns of radurized and other sub-

sterilization doses irradiated foods have been reviewed (CAST, L987; Farkas,

1g89; Maxcy, 1983). These reviews indicate that radiation processing that will

eradicate salmonellae will also effectively eliminate less resistant vegetative

pathogens. These include Enterobacteriaceae, Y. enterocolitica, Vibrio, A.

hydrphila, C. jejuni, Shigella spp., and Listeria monocvtogenes' Thus a

radurization dose of >2 kGy, which witl essentially eliminate Salmonella from

ground beef (Maxcy, 1983), would also destroy the aforementioned vegetative

pathogens (Maxcy, 1983).

3"2"'1, C. bottdinum

With the use of reduced oxygen levels in MAP/CAP there is added concern

that if present, the toxin producing anaerobic spore former, C. botulinum, ffiâY

render a packaged food toxic (botulism poisoning). The factors affecting the
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gïowth and toxin production of C. botulinum, have been reviewed (Hauschild,

1989; Hintlian, 1986; Silliker and Wolfe, 1980; Sperber, 19BZ). These factors

include: temperature, pH, a*, substrate, additives, oxidation reduction potential

(En), and headspace gas composition and competing microflora. Production of

toxin by C. botulinum is associated with spore germination, and outgrowih of

vegetative cells (Duda and Slack, 1969; Siegel and Metzger, 1979).

In inoculation pack studies to determine safety, work has been done to

monitor the actual formation of toxin (Baker and Genigeorgis, 1990; Pelroy et

â1., 1985; Stier et al., 1981) as well as the germination and outgrowth of

vegetative cells plus toxin formation (Anderson et a1., 1966; Dezfulian and

Bartlett, 1987; Fernandez et al., 1969). Gtecz et ai. (f971) monitored gas

production in cans incubated for 6 months as a positive indicator for presence

of C. botulinum

The botulism risk is especially important (when the non-proteoiytic strains

are preseni) if there is temperature abuse of the product. With potentially no

detectable spoilage due to suppression of spoilage organisms by irradiation and

thus extended 'shelf life, toxin may be produced by the C. botulinum prior to

detectable spoilage by the consumer. Conner et al. (1980) have reviewed this

potential hazard. in shelf life extended refrigerated foods. The non-proteolytic

C. botulinum type #, which generally contaminates fîsh, can growbh above 3'C.

Vacuum and. Iow oxygen MAP packaged fish are especially a concern as toxin

was produced in fish inoculated with psychotrophic C. botulinum type E strain
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which was stored at refrigerated (-3'C) as well as at higher abuse temperatures

(Baker and Genigeorgis, 1990; Liliy and Kautter, 1990; Pelroy et a1., 1985; Stier

et al., 1981). The C. botulinum strains found in meat (proteolytic type A and B)

require a temperature of at least 10'C for the germination of spores, and the

media or food substrate as well as the interaction of all the other factors have

a direct effect on the minimum temperature required for germination (Hauschild,

1989; Sperber, 1982). This is of importance as Van Garde and Woodburn (1987)

found that the normal temperature maintained in 20Vo of home refrigerators

sometimes exceeded 10'C. Conner et al. (1989) found that at pH levels below

4.8, C. botulinum is unable to germinate at any temperature in food products,

except in some very specifîc lab media. Competition from other microflora such

as lactic acid bacteria has been shown to inhibit the growih of C. botulinum due

to reduction in pH and production of antibiotic compounds (Hauschild, 1989;

Gombas, 1989). Sugiyama and Rutledge (1978) found that they couid inhibit the

growbh and toxin production by inoculated C. botulinum in mushrooms, by

increasing the oxygen content in the package headspace. Lund et al. (1984)

found the addition of oxygen into media fîlled vials reduced the growth of C.

botulinum type E. They noted that due to the interaction between oxygen

concentration and Eh in a food or media, both factors need to be taken into

consideration regarding inhibition of C. botulinum.

The radiation Dr6-value of C. botulinum is approximately 10 times greater

than that of normal spoilage and pathogenic vegetative bacteria. Factors that
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affect Dro-values (Banwaú, L979; Singh, 1987) of vegetative cells, such as food

type, temperature, percent oxygen, and ç at the time of irradiation, affect

destruction of spores as well (Maxcy, 1983). Gtecz et ai. (1971) found the D1s-

value to be 3.85 kGy in canned, cooked ground beef, irradiated at 0'C, for type

334 spores.

8.2"2 C. sporogenes

Non pathogenic C. sporogenes has been used as an indicator organism for

C. botuiinum in the canning industry since the thermal Dts-vaiue of sporogenes

is greater than that of botulinum (Russet, 1982). Russei (1982) reviewed the

work of other researchers and found the radiation Drg-value of C. sporogenes

spores is also greater than that of C. botulinum spores in similar media/food.

Other researchers have also used C. sporogenes as an indicator organism for C.

botulinum while investigating chemical methods (curing agents or salts) of

inhibition (DeFreitas et a1., 1988a; DeFreitas et al., 1988b; Madril and Sofos,

1986; Molins et al., 1986; Pivnick et al., 1970; Robach, L979; Sofos, 1986a; Sofos,

1986b; Whiting et a1., 1984; Whiting et al., 1985; Whiting et a1., l-986; Vareltzis

et al., f984). Shamsuzzaman et al. (1990) have determined the Drs-value of C.

sporogenes in buffer, growth media and foods increasing in that order.

After reviewing other work Robach (1979), Savani and Harris (1978) and

Whiting et al. (f986) expressed confîdence in using C. sporosenes PA 3679 as an

indicator organism for proteolybic strains of C. botulinum, C. botulinum type A,
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and C. botulinum in general, respectively.

The inhibitory effects of oxygen on the germination of C. botulinum.have

also been identified with C. sporogenes (Sarathchandra et al., Lg77). In earlier

work Sarathchandra et al. (L974) determined that the three growth stages of C.

sporoqenes are sensitive to oxygen with cell division being the most sensitive

stage followed by outgrowth and lastly germination. Carbon dioxide enhanced

the germination of C. sporoqenes especially in media with pH below 7.0 (Enfors

and Molin, lg78). Very recently Lambert et al. (1991) have also found that

certain 1evels of CO2 trigger germination of C. botulinum spores. Processes that

render a product free from germination and outgrowbh of inoculated C.

sporogenes spores are also considered safe from concerns of botulism. C.

sporogenes was selected. as the indicator organism for this research work due to

it's applicability and added safety compared to c. botulinum.
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4" &[AT'ER[AF,S a&d &IET'E{OÐS

4.n erATERrAr,s

4"l"l Harnburger

Bulk, fresh lean ground beef (<L77o fat, Health and Welfare Canada,

lg8g) was purchased. from a large retail outlet, (Canada Safeway, Winnipeg,

Manitoba). The ground beef was prepared from fresh trim and fresh or

previously frozen fat, ground in a commercial Hobart meat grinder. The ground

beef was piaced in a cooler and packed with ice for the 100 km trip to the

üIhiteshell Research Laboratories, near Pinawa, Manitoba.

4"X"2 tratty F ormierg EquíPment

A patty forming equipment was constructed which consisted of:

(Ð Patty Forming Tube: Lucite cylinder (5 cm inside diameter, 20 cm

length),

(iÐ Plunger: with 5 cm diameter teflon head,

(iii) Separator disks: 5 cm diameter polycarbonate circles.

4"1, "3 Faekaging EqtaiPmelat

A Bizerba model z}}zpackaging machine was used to package patties for
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vacuum packaging and vacuum packaging with nitrogen gas backflush. A 99.99Vo

nitrogen gas cylinder (Union Carbide Gas) supplied the backflush gas via a

pressuïe regulating valve. The backflush gas was supplied at approximately

33 kPa.

4.1 "4 Faekagtung MaÉerial

4.L.4.X" fue¡ner Faelcage

Cryovac 60 gauge, D-955 fîlm, a multilayer crosslinked polyolefin film was

used to make the inner bags. \ /ith an oxygen transmission rate of 8,900

cmïl(mz.Z4h) and water vapouï transmission rate is 0.095 2l(m2.24h).

The inner bags were constructed by trimming 30 cm centrefold (C.F.) D-

955 film to yield a 15 cm (C.F.) fîlm. Heat sealing the two l5 inch edges of the

film with a single seam using a bar sealer with a heat setting of 6 gave the

required 10 x l5 cm sized bags.

4.L.4"2 Outer Fackage

Surevak XPAE 2050 (Winpak, Winnipeg),22X33 cm bags, were cut to

make 15 X 20 cm. bags. The oxygen transmission rate of these bags provided by

the supplier is 8-10 (cclsq.M.l24h) and the water vapour transmission rate is 4.96

GM2.lZ+h @ 37.8 C, goVa R.H.).
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4.9 &fiErffi0Ðs

4"2 "î Steri[izaúio¡e/Samitizaüio¡a

Sterilization of all equipment and media was attained by autoclaving for

l5 min at L2L C (15 psi, 100 kPa) unless stated otherwise. Sanitization of

equþment which could. not be heat sterilized was attained by soaking in a 70 Vo

ethanol solution.

4.2.2 $:a r¡rple Freparation

Ground beef patties were prepared in a walk-in cooler (4' C) using the

sanitized patty forming device described in section 4.L.2' Ten (20 + 0'fg)

portions of lean ground beef were weighed on a Mettler Modei PE 3600 digital

balance, and placed in the forming tube with a sterile fork. Each hamburger

portion was separated by a separator disc, prior to being compressed into a

consistent patty shape by the insertion of the sanitized forming plunger and

applying adequate force to create consistent patties. This operation was repeated

until 10 patties ,were stacked. in the forming tube, then all l0 patties were

expelled with the plunger and packaged prior to forming subsequent patties.

4"2"3 Fachagilag

All packaging operations were carried out at 4" C. Individual patties were

placed in 10 X l5 cm inner gas permeable bags using steriie tweezers. The open

end of the patty containing bag was placed over the gas flush nozzle on the
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packaging machine. The settings on the Bizerba vacuum packaging machine

were; vacuum: 4.0 (resulting in approximately 0.95 mbar -l- kPa), gas flush: 8.0,

and. heat seal: 4.5, with a nitrogen flush line pressure at about 5 psi, 33 kPa. All

ten patties were packaged in the inner D-955 bags prior to repackagrng each of

these (the patty lD-g55 bag assemblies) in a 15 X 20 cm XPAE 2050 outer barrier

bag.

The outer bags were aiso vacuum packaged with a nitrogen back flush

as above except that the vacuum settings wele 2.0 (resulting in approximately

0.g0 mbar < I kPa). This lower setting was required to insure that the inner bag

assembly did not rupture. Once the lot of 10 patties was dual packaged' a new

lot of patties was formed and packaged'

packaged patties were stored in the 4'C walk-in cooler until patties were

randomly selected for the various treatments (usually < I day of preparation)'

4.2.4 Sample lrradiation

All irradiations were

gamma source, at Whitshell

carried out using either electron beam or CO 60

Research Laboratories, AECL Pinawa, Manitoba'

4 "2. 4.X, Eneetro¡a Beam. [rradiation Experiment s

Most of the irradiations were carried out using the AECL I-10/1, 10 Mev

electron accelerator. Dual packaged hamburger patties placed on top of a bag of

crushed ice in the bottom of 61X 81X 13 cm. aluminum trays. The patties were
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aligned in two rows, without patty overlap. Each row was no greater than

L2 cmfrom the longitudinal centre line to ensuïe even dose application (Fig. 1).

The patties weïe covered with an 8 mii polyethylene sheet which was taped to

the trays to maintain the temperature and ensure that the patties did not move

during the approximately 15 min required to transport to and from the point of

irradiation on the I-10/1 conveyor system. The time of irradiation under the

beam was approximately 17 s. at a nominal dose rate of 150 Gyis. once

irradiations were eompleted, sampies were returned to the walk-in cooler.

4"2.4"2 Gavnmaeeltr 220 lrradiation experim'ents

Samples irradiated in the gammacell 220 (dose rate 180 Gy/min) were

placed. in a2 L beaker containing crushed ice to maintain sample temperature

at approximateiy 0'C.

In experiments for determining the Dro values (90 Vo reductíon) of

C. sporogenes spores, the spores suspended in phosphate buffer and irradiated

in screw top test tubes held vertically in the beaker by an aluminum tube cradle

(Fig.2).

packaged hamburger patties irradiated in the gammacell were placed

concentrica¡y (6 patties per beaker) along the outer wall of the beaker and the

samples were held in place by an inner beaker containing crushed ice. Patties

were returned to the walk-in cooler immediately after irradiation'
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4"2.6 Ðosåw.etxY

Actual dose received by the samples was determined by using

Radiochromic Dosimeters (RCD). GAF and FWT dosimeters \Mere used when

samples were exposed to 0-3 kGy and 3-200 kGy of ionizing radiation,

respectiveiy. Doses absorbed by the RCDs were measured by the AECL

Dosimetry Section Personnel.

4,2.6.1, Electro¡¡ Bea rm lrradiaúion Experi¡¡øe¡aÛs

Operation of the I-10/1 Electron Beam Accelerator was performed by

personnel in the Dosimetry section. Five dosimeters were taped to the I mil

polyethytene sheet covering the patties at locations indicated in Fig' 1'

4"2 "6 "2 Ganr m'aeell 220 [nradíation Experiments

control of the dose applied to the samples irradiated in the gammacell

was legulated by the time for which the sample chamber was exposed to the

Cobait-60 source. Actual "Corrected" irradiation time required to obtain a desired

absorbed dose is calculated bY:

Corrected time (min)= Time (min)
Isodose Value

where: Isod.ose value, (location correction factor) is determined from the Isodose

Distribution Chart in the Gammace\I 220 Standard Operating Procedures

Manual.
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F igar"e ?. ^Aftaminx¿s Tube Crad'le
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Time (min), the calculated irradiation time is given by:

Time(min) = (RD-DO) Gv
DR Gy/min

Time : Required time to irradiate sample.

Rd = Required absorbed dose in GY.

Dr = daily dose rate from tabies (See Gammacell 220 Op. Manual)

To confirm the dose aPPiied to:

A) Spore suspension in tubes. Two RCD dosimeters, packaged in water

tight foil packages were taped to the side of each tube. One at the bottom of the

tube and the other at the top surface of the spore suspension.

B) Patties. Three dosimeters r,vere taped to the surface of randomly

selected packages.

4.2.6 Stonage of SamPles

patties were stored with either; the inner gas permeable bag and outer gas

barrier bag intact (dual package), or with the outer gas barrier bag removed after

irradiation leaving the patty and only the gas permeable bag surrounding it

(single package).

Ali samples were returned to the walk-in cooler immediately after

irradiation, and were placed on trays according to the assigned storage

conditions. Sampies that were assigned single package storage condition had
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their outer gas barrier XPAE 2050 bag removed at this time.

Samples were stored in the dark on stackable plastic mesh trays.

Packaged sampies were evenly disbursed so that air was equally accessible to the

top and bottom of each package. Paper towels were placed over each tray

containing samples so any unintentional effect of ultraviolet radiation from lights

would be eliminated. Trays containing patties with simiiar abuse temperature

storage conditions were transferred to the appropriate locations at this time.

4"2"6.n Storage T'emPerature

Samples stored at temperatures less than 20 C were placed in walk-in

coolers maintained at the indicated temperatures. Samples stored at - 20" C

were kept in an air conditioned room.

4"2"6.2 Stonage OxYgen Conûent

Oxygen content surrounding packages during storage was ambient (ZLVo

oxygen) unless otherwise stated. When oxygen content was required to be

maintained at less than ambient, samples were placed in an Aldrich model

210,608-9 520 L. atmosbag. The oxygen content in the atmosbag was maintained

at the desired level by a Oxyreducer model 311. The Oxyreducer controlled the

oxygen content in the sealed atmosbag containing the sample trays by

monitoring the oxygen content and regulating the flow of 99.9 Vo nlttogen

through a 7,5 cm diameter tube into the atmosbag to maintain the desired
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oxygen content (Fig. 3).

4.2"7 Frepara'tio¡a of l{armburger F or .A-laatrysis

Samples selected to be monitored on any given day were removed from

their storage environment and transported on ice to the microbiolory lab. The

packaging material was cut at one end with sanitized scissors. Aseptic technique

was used in a laminar flow sterile station for the following procedures. Each

patty was transferred into a Seward #400 sterile stomacher bag. Visual colour

and odour \¡iere recorded at this time. sterilized 0.L vo peptone (at 7" C) was

added to the hanburger patty to give ten fold dilution (1:f0) and the mixture was

stomached for 1 min in a Lab-Blend.er model 400 Stomacher. The particulate

matter was allowed to settle for approximately I min., before a l0 mL aliquot

was taken using a l0 mL sterile pipette and stored in a sterile 16 x 125 mm

screw top tube (kePt on ice).

The pH of the remaining 1:10 diluted stomached patty mixture was

measured at this time using a Fisher Scientific model 805 MP pH meter and

Fisher modei tg-6Bg-Z5Z pencil-thin gel fitled combination eiectrode. The

stomached patty mixture was disposed of this stage'
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F igrure 3. ContnotrXed Atmosphene Storage
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4.2"8 hacorpoa'atío¡a of, "Aseorhic Aeid

. Crystalline L-ascorbic acid (O.LVo by weight) was incorporated in to the

ground beef by using the regrinding method of Shivas et al. ( 1984) . The method

was modified to regrinding 5 times instead of only twice using a sterile meat

grinder located in the walk-in cooler.

4.2"9 Ctrostridium sporogenes Gnowth

4"2.9"1' Gnowt}¡ Method

The propagation and recovery method of Brown et a1.(1957) as modified

by Shamsuzzamaî (1988) was used to produce a stock spore suspension of

C. sporogenes ATCC 7955.

A single C. sporosenes colony (originally purchased from American Type

culture collection) isolated from a enumeration plate provided by Dr. K'

shamsuzzaman was used as an inoculation source. Two tubes (15 X 150 mm)

containing 15 mL of freshly sterilized and cooled trypticase thioglycolate broth

(TTB) were inoculated. with C. sporogene spoïes and incubated anaerobically at

Bb" C for 24 hours. This 48 hour cuiture was used to inoculate a freshly

sterilized, cooled 135 mL quantity of TTB (in a 250 mL beaker) and was

incubated anaerobically at 35'C for 48 hours. The resuliing 150 mL culture was

used to inoculate a 1.3 L of freshly sterilized and cooled TTB (in a 2.8 L

Fernbach flask), followed by 7 days of anaerobic incubation at 35' C.

(Shamsuz zamaÍt. personal communication)'
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There r¡¡ere a total of * 205 mL of 1,4xL07 spores/ml of the combined

harvested cultures were collected from two separate growbh periods (GP), (GP-l:

Sept./Bg and GP-2: Oci./89), Each GP in turn was comprised of two batches each

as two separate growbh flasks were utilized with each GP of C' sporosenes

inoculum growbh, resulting in 4 distinct batches (Table l).

4"2.9 "2 E{a¡:vest Method

The spores were harvested by the centrifugation and washing procedure

of Shamsuzzaman (fg88). The contents of the 1500 mL C. sporoqenes culture

were equally divided among six, 250 mL sterile centrifuge bottles which were

centrifuged at 9000 X g for 15 min at a temperature of 4 C. The resulting

supernatant were decanted and the dark grey pellets combined into one

centrifuge bottle with a sterile stainless steel spoon while stored on ice.

Approximately 100 mL of 0.067 molidum phosphate buffer (adjusted to pH 7.0

with f N HCI) were added to the pellet to wash the spores' The peilet

suspension was stirred for B0 min by a sterile stir bar while on ice followed by

centrifugation at 9000 X g for l5 min at 4" C.The supernatant was decanted off

and the wash procedure was repeated 3 times. The washed spores pellet was

frnally suspended in 50 mL of 0.067 M phosphate buffer.

4"2.9.8 Storage of, SPones

The C. sporosenes suspension was stored in the 250 mL centrifuge bottles
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at*5"C.

4"2"9"4, Evanuatio¡a of C. sporogenes Suspem'siom

The total number of C. sporoqenes (vegetative bacteria and spores) was

determined by serial diiution and plate count enumeration of the suspension on

pflug's Medium anaerobically incubated for 48 hours at 35" C. The number of C.

sporogenes spores were determined by heat treating the 101 ditution tube in a

water bath at 80' C for 15 min. as outlined by Madril and Sofos, (1986) to

destroy all vegetative bacteria. Subsequent dilutions were made from the heat

treated diiution tubes.

7o Spores = Number of Spores- 
Total Number of Vegetative Bacteria and Spores

Table X." C. sporogenes Spore Reeovery fnom' Different Growth tsatches

(In 0.067 M PhosPhate Buffer)

Growth
Period

I Sept/89
1 Sept/89
I Oct/89
2 Oci/89

Batch Volume Clostridium
# (mL) Total/mli

Sporogenes $o)

Spores/ml ftoF

L 40 3.7x107
2 55 2.7xL07
3 55 1.8x107

4 55 8.6x1-06

2,3xI07 62
1.8x107 62
1.4x10?
6.4x106

77
74

Combined Total 205 NAz

1. Total number of vegetative bacteria and spores'

2. NA: Not avaiiable'

l.4xL07 NA
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4"2.9"6 Faeparaåi.o¡a of Spoa'e l¡aoe¡alu'm.

The spore preparation \Mas heat treated to destroy all vegetative bacteria

and insure that the inoculum consisted of only spores. The centrifuge bottles

containing the C. sporogenes suspensions and a bottle containing 0.067 M

phosphate buffer blank \trere placed in a water bath at 80" C. The temperature

of the blank was monitored by a Cole Palmer model 8110-20 Thermistor

thermometer and the samples were placed in ice water after being maintained

at g0. C for l5 min. There rvr¡ere - 205 mL of L.4xI07 spores lmL of the combined

inoculum (Tabie 1).

prior to each inoculation pack experiment an aliquot of the stock spore

suspension was again heat treated in a 16 X 125 mm screw top tube with the

appropriate blank to insure adequate heat treatment'

4"n"nø Ðro Values of, SPores

Radiation D1¡ of the spore suspension is the.dose (kGy) to reduce the

population by 90 va (LLogLO). The Dro was determined by applying incremental

irradiation doses (Gammacell 200) to an initial population of spores and, plotting

the number of survivors. A best fit curve was calculated for these data, and the

dose (kGy) to reduce a given population by 90 lo (LLogl0) was determined from

the best fit line. The flow diagram outlining this experimental procedure is

shown in Fig. 4.



39

F'iguare 4. Flow Ði.agn*¡'ttt Ðro VaLue EleÚerno.i:aaÉi.o¡s of Spores

20 mL C. re Stock

Iv

8 Aliquots @ 100 mL (100X Dilution)
(One For Each Dose Treatment, i. 0-8 kGy)

Iv

Alt 100X Dilution Tubes Heat-Treated, 80o C, l5 min'

Iv

Maintain Tubes On Ice At All Other Times

I\y

Irradiate Each Tube With Desired Dose

In Gammacell220

.t

Prepare Appropriate Dilutions For Each
Dose Level-SamPle

Pour Plate 1.0 m: Aliquots With Pflug Medium

Iv

Incubate Inverted Plates, Anaerobically, 48 h @ 35" C

IY

Enumerate
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F,igwre 5. F low Ðiagran¡: lnoeulaËi.o¡e Faek Sttady SÉeri.åied Groumd Beef

Prepare and Package Patties; in 4'Walk-in Cooler

1) Place Patty in Inner Bag (Do Not Vacuum Package)
or

2) Vacuum Package With Nitrogen Backflush, Open Inner
Package - Patty Assembly in Barrier Bag

ü

Sterilize With 30 kGy, on Ice (Using I-f0/1 e-Beam)

.t

In Sterile Laminar Flow Hood, cut open outer Barrier Bag;

Remove Inner Bag Containing PattY,
Surface Inoculate With C' sporogenes Spores

.t

In4CWalk-inCoolerr) 
IffÏlË.:;;åå-.'J"ih'i;'îîi:î'Tå'åiil'

or
2) Vacuum Package With Nitrogen Backflush

Inner Package-Patty Assembly in Outer Barrier Bag

.t

Using I-10/1 or Gammacell 220,2'5 kGy Sanitize
Inoculated Dual Package Patties (On lce)

't

In 4' C Walk-In Cooler
Remove Outer Barrier Bag From Samples

To be Stored With Only Singie Packaging

ù

store Patties on Plastic Mesh Trays At Appropriate;
Temperature, Packagrng condition, oxygen concentration
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4"2.LX. C. sporoËie¡ees l¡eoeuLaúi.o¡e of Grou¡ad Beef

All patties were inocuiated to achieve approximately 5x104 spores/g prior

to any subsequent radiation treatment. A concentration of approximately 1x104

spores/g remained after subsequent radiation treatments of 2'5 kGy'

4.2"L1.n Samfaae Inocutratio¡a (Steritr-åzed Fatty Experime¡ats)

Sterilized (30 kGy) dual packaged patties were surface inoculated by

evenly distributingT1-.4 (1.4x10a spores/ml) of heat treated spore stock (stored

on ice) on the patty surface with a Eppendorf Adjustable Pipette in a sterile

laminar fLow hood. The patties \trere immediately returned to the walk-in cooler

where they were repackaged as in section 4.2.3. The flow diagram outiining this

experimental procedure is depicted in Fig' 5'

4.Z.n j*Z E{onoogeareous Inoculatio¡a (Non SÉerilízed FaÉty Experiments

Homogeneous inoculation of ground beef patties was achieved by applying

an appropriate volume of spore suspension on gÏound beef and then regrinding

the meat 5 times through a sterile meat grinder as outlined by Firstenberg-Eden

et al. (1980). This was done in the walk-in cooler at - 2 C. The effectiveness of

incorporating spores homogeneously by this method was verifîed by the results

from the following experiment. Fresh ground beef kept on ice was sterilized with

a 25 kGy (electron beam) d.ose. A 550 g portion of the sterilized ground beef was

inoculated with 0.40 mL of a L'4xI07lml, clostridial spore suspension' This
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resulted in a calculated spore concentration of L}xL}alg in the ground beef' The

inoculated ground beef was reground 5 times in a sterile meat grinder, to insure

homogenous distribution of the spore inoculum. The regrinding process took

piace in a walk-in cooler at 2 C. Pflug's medium was used to evaluate the

number of clostridial spores and the total clostridia. Non heat-treated stomached

samples (pflug-NH) and heat-treated stomached samples (Pflug-H) were used to

monitor the total clostridia and the clostridial spores, respectively. Four

randomly selected patties were evaluated to determine the homogeneity of the

inoculum. The initial number of spores found in four random samples were

1.5x104/g (t 0.l2xlgnlg) (TabLe 2). This minimal variability justifîed using the

regrinding procedure (shivas et al., 1984) to homogeneously distribute the

inoculum in the ground. beef. The flow diagram for this procedure is shown in

Fig. 6.

Tah1e 2. Elom.ogeneity of C. sp-orogenes lnoarntru¡lo.4f,ten Regrinding Meat

Sample Dilution CFU#I CFIJ#Z CFU-Avg Concentration
SPores/g of hamburger

1 102

2 102

3 L02

4 102

156 173 L64'5 1.6x104

165 L20 142.5 1'4x104

1-51 130 L40'5 1.4x104

L67 166 166.5 1'7xl0a

153.5 1.5x104
+- L2.0



F igrare 6. F"low Diagram: F resle Ground
&flixed i¡a Meat)

43
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4"2.î2 Mi.cnobi.onogicatr Assays

Standard aseptic techniques and procedures as outlined in (APFIA, 1984)

were utilized as follows. Stomached patties aìra Uqula spore suspensions were

serially diluted with 0.1 o/o peptone. The t:l-O dilutions were prepared by

asepticaily adding 1.0 mL into 9.0 mL of diluent and 1:100 dilutions by adding

0.1 mL into 9.9 mL of the diluent. Mixing on a vortex mixer for 10 s. insured

a homogeneous mixture. Dilution tubes were kept on ice and 0.5 mL aliquots

from desired dilutions, were pour plated in duplicate uniess otherwise stated.

Alt media were prepared with distilied water and recommended quantities

of dehydrated media, as per label directions. Freshly sterilized media were

tempered to 45" C in a water bath prior to pour ptating with approximately 15

mL of med.ium per 100 X 15 mm Baxter petri dishes. Inocula and media were

mixed by stirring plates on a plate stirrer before being aliowed to solidify. Plates

were incubated in an inverted positiorl with the media used, and the incubation

conditions are listed in Tabie 3.

Where required, anaerobic conditions were created by a BBL Gaspak 100,

or 150 Anaerobic System. The H, and CO2 generator enveiopes along with the

palladium catalyst created the anaerobic environment as confirmed by disposable

anaerobic indicators.

Micro-aerophilic conditions were created for iactobacilli in MRS plates

using an overlay method recommended by Sharpe (1960) when avaiiability of

anaerobic jars dictate as stated in Oxoid (L972). The inoculated and solidif,red
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MRS plate was overlayed with approximately 15 mL of MRS.

Colony forming units were determined on a Colony Counter and plates

with between 30-300 colonies were recorded according to the standard methods

(APIIA, 1984).

Tabåe 3" &fficrobia].Assays, Media arld [¡aeuhatio¡a Conditio¡es

Assay Micro. Media Incubation condition Ref.

Monitored TemP/Time/ Atmosphere

APC
PSY
YÄ{
LAB
LAB
TAC
Tot C
C spor

Aerobic Meso
Psychrotrophs
Yeast & Mould
Lactics
Lactics
Total Anaerobes
Total Clostridia
C. spores

PCA 3]cC148 h/aerobic
PCA l0"C/ 7 d/aerobic
PDA+acid 20'Cl 5 d/aerobic
MRS/olay 20Cl 5 d/overlay
MRS/oiay 3îcC148 h/overlay
SC+2 3]cC148 h/anaerobic
SC+2 3.5C148 h/anaerobic
SC+Z 3]cC148 hianaerobic

HPB
HPB
APHA
Oxoid
Oxoid
Sec 5.1
Sec 5.1
Sec 5.1

4*2 "L2.'1' ^A,erobie Flate Cou¡¡t

The Aerobic Plate Count (APC) was determined according to MFA-18

(HPB, 1982), with modifications as above. At low (101, 102) dilutions,

differentiation between the food particles and the colonies on the íncubated Plate

Count Agar (PCA) plates was aided by flooding the plates with 2 mL of Ù'LVo

2,S,S,triphenyitetrazolium chloride, pouring off excess solution, and counting the

colonies which reduced the indicator thus yielding red colonies after 3 hours of

inverted incubation at room temperature'
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4 "2 "î2.2 tr sYehrote'oP&a.s

The psychrotrophic colony count (PSÐ was determined accordingto HFB,

(LeBz).

4.2.L2"8 Yeast ar¡d &foulds

The number of Yeast and Moulds CYM) was determined according to

ApHA (1984) as follows. Potato Dextrose Agar (PDA) was prepared as per label

instruction including the acidification of the tempered media to a pH of 3.5 by

the addition of 1.6 mL of a fiiter sterilized 107o solution of tartaric acid to each

100 mL of agar.

4.2.n2"4 l-,,aetic Acid Eaeteria (f,AB)

Lactobacillus MRS broth plus L.57o agar were combined to produce MRS

Agar, a method utilized by Lee et aI. (1984). The MRS agar can be used to

cultivate the whole group of lactic acid bacteria (Lab) as described by Baird et

al. (1gBT). Two of their recommended incubation time/temperatures rwere

modified due to limitations of incubator availability. 'The recommended 37' C 48

hours and the 25" C 3 days confirms to monitor mesophyllic and mesophyllic-

psychrotrophic I.AB from meat, respectively were modified to 35" C 48 hours and

20" C 5 days.
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characteristic colony size is given by Baird et al. (1987) as:

Lactobacilli: 0.5-2.5 mm diameter
other lactic acid bacteria: 0.5-2.0 mm diameter
enterococci: 0'5-1.0 mm diameter

The colony appearance \Ã¡as usually smail greyish white, flat or raised, smooth,

rough or intermediate.

4.2.12"6 A¡raerohic F1ate Counú (AnPC)

Anaerobic Plate Count (AnPC) is defîned as the number of white colonies

appearing on PFIug, SC+3 or SC+2 agar when anaerobically incubated'

Various methods have been utilized to monitor "AnPC" in ground beef for

example, Molins et al. (1986) utilized Trypticase Soya Agar and Whiting et al'

(lg34) used Botulinum Assay Medium (BAM), incubated anaerobically at 35" C

48 hours and 30' C 48 hours respectively.

4"2.X2.6 Total Cnostridia (Vegetati.ve and' Spores)

The SC+2 medium deveioped during this work (see section 5.1) was used

to monitor total Clostridia. The SC+2 is prepared by sterilizing 23'5 g of

dehydrated SFp media plus 500 mL of distilled water. Five millilitres of each

of the following filter sterilized solutions (stored for no more than 1 week at

7" C) were added to the tempered base medium.
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L2.5Vo sodium thioglYcolate,

L0 Vo sodium bicarbonate,

4 Vo d-cycloserine,

Appropriate d.iiutions were plated, incubated anaerobically at 35" C for 48

hours and the black colonies (l-5 mm diameter) counted'

4.2"12"7 Clostridia.l SPores

The SC+2 media listed above was also used in the enumeration of

clostridial spores. To destroy att vegetative bacteria and to enumerate only

spores, a heat treatment of 80' C for l5 min as descríbed by Madril and Sofos

(1986) was utilized. The heat treatment was monitored by noting the

temperature in a dummy dilution tube aiong side the actual sample tubes. Once

80" C was reached and maintained for 15 min., the tubes were immediately put

on ice. The heat treatment was applied oniy to the 1:10 dilution tubes prior to

appropriate serial dilutions, these subsequent dilution tubes were also denoted

as heat treated.

plates were incubated anaerobically at 35" C for 48 hours and the number

of the black colonies (1-5 mm diameter) that grew \ ¡ere recorded'

4.2.n2.8 Fflug Meditrm

Initially Pflug's YEA medium (Pflug et al. 1979) modified as follows was

used to monitor either the total ciostridia or the clostridial spores aione, based
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on no heat-treatment or heat-treatment, respectively, as discussed above.

Yeast extract: 5.0 S

Soluble starch: 0'5 g

K'HPO4 potassium PhosPhate: 1.0 g

Agar: 7.5 g

Distilled water: 500 mL

These components were combined and sterilized. The following fîlter sterilized

solutions (5 mL each) were added aseptically to the 500 mL of tempered

steriiized medium:

I2.5Vo sodium thioglYcoiate

507o dextrose

\07o sodium bicarbonate

4.2"t& Microhial SPoilage T,evel

The microbial spoilage range for ground beef was given by Jay and Shelf

(lgTB) as 8.2x107 - 1x10 8/e) APC. In this study we have used values of - 5x10

7lg APC as the spoilage criterion for ground beef.

4"2.X,4 Chero.ican / Fhysieal Measteneme¡¡ts

Colour, pH, and odour were measured or noted as described in section

4.2.7,except where the colour measurement was done, which is described below.
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4.2.14.î Colour Measureme¡aÚ

Objective colour measurements of patüy colour were made during the

refrigerated shelf life extension and ascorbic acid addition experiments" A

Hunterlab model D-25L-2 CotorlDifference Meter with a 5 cm sample viewing

port was used. Hunter L, A, and. B measurements for both sides of the patties

u/ere taken.

The unit was calibrated. according to the manufacturer's instructions' as

foilows: The Sensor calibration was confirmed with the coiour plates provided

by the manufacturer. To allow for the colour measurement'through the inner

packaging film, as was done by Rhee et al. (1985), further calibration using the

black and white colour plates covered with a single iayer of D955 film (the single

bag packaging materiai) was performed. A wood box lined with black felt was

placed over the samples and the sampling port to insure that ambient light had

no effect on the Hunterlab readings. care was taken to present each packaged

patty in a similar manner to the sample port. Each patty was slightly pressed

between two hands to expand the diameter of the patty to insure that the entire

5 cm sample port was covered. The patty was centred over the sample port, and

the patty surface'was flushed with the top of the sample port.

The colour measurements were taken immediately after the samples were

removed from the walk-in cooler. The outer barrier bag was removed from the

dual packaged stored samples, so that all the samples were monitored through

only the Dg55 film. The samples from the shetf life extension experiment were

piaced. on ice immediately after the colour measurements and taken to the
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microbiolory lab to be prepared for microbiological evaluation (see section 4'2.7).

The samples from the ascorbic acid experiment were returned to the walk-in

cooler for subsequent monitoring.

4"2.L4"2 tNygen Conte¡¡É Withie Faelcage

Oxygen content within the sample bags was monitored with a Mocon LF-

700D oxygen Headspace Analyzer. The instrument was calibrated and operated

in the sample injection mode according to the manufacturer's instructions' as

follows. The needle of a gas tight syringe was inserted into the package through

an adhesive rubber septum affixed to the package surface. A 5 mL gas sample

.was removed from the package headspace, and iqjected into the sample injection

port of the analyzers at a rate of approximately I ml/s. The measured oxygen

content was recorded.

Limited availability of the analyzer from the accounted for limiting the

monitoring of the oxygen content to initiaÌ experiments'
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õ. RES{JT,?S

õ"n Radiatio¡g S{ånrri.val of C}ostridit¿¡¡n sporoge$'es

The data for the counts of C. sporogenes spores from all four batches

suspended in 0.067 molidm-3 phosphate buffer (pH, 7.0) surviving various doses

of gamma radiation are shown in Figs. 7 and B. The non-exponential

inactivation of spores generally show an initial shouider on the curves in both

figures (Figs. 7 and 8) followed by an exponential decline is typical for C.

and E, (Russei,1982). The shoulder for all the four batches tested extends to -

B kGy, followed by the exponential destruction of the spores. The resistance of

an organism to a given treatment is usuaily represented by the Drs of the

organism. The Drs value is the dose (kGy) required to reduce the initial spore

population by gTVo. The D1s values for the four individual batches and the

combined batch (used for inocuiation studies) of spores, calculated from their

radiation survival data (Fig.7 and 8), are given in Table 4' Figure 9 shows the

radiation survival results for the combined batch. The best fît line for the

combined batch, caiculated by iinear regression is shown as well (Figure 9). The

shoulder on the curve is not as pronounced as seen with the individual batches

of spores (Fig. 7 and 8). The Dro value of the combined inoculum was 3.37 kGy

(Table 4).
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F'igPne 8.
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Ta;h,le 4" Ð1¡ of C.sporoge¡res Spore Ï¡aocwlum.
(fla 0.067 M FhosP&¡aúe ts¡¿ffes)

Growth
Period

Batch
#

Volume Clostridium SPorosenes
(mL) Total/ml Spores/ml

Radiation
Dto
Value

I Sepi/89 I
1 Sept/89 2
2 Octl89 3

2 Octl99 4

Combined Total

40
55
55
55

205

3.7x107
2.7xL07
1.8x107
B.6xl06

NA2

2.3xL07
1.8x107
1.4x107
6.4x106

1.4X10?

2.70
2.88
3.18
3.4L

3.37

1.

2.
Total = vegetative * spores
NA: Not available

ã"2 Mettrod Ðevelopment to Mo¡riton [¡eoculaúed C" sporogenes in'

Grour¡d tseef

During the course of inoculation pack experiments it became evident that

the initial method of monitoring C. sporosenes was ineffective for counting the

total clostridia (spores and vegetative). The high number of the facultative

bacteria present in ground beef (unirrad.iated controi and radurized), interfered

with the enumeration of inoculated C. sporogenes from the non-heat treated

extracts using the Pflug media (total ciostridia) assay. This demonstrated the

need to develop a selective / differential assay to monitor total C' sporogenes as

the methods described in literature were not effective with the high microflora

background. present in ground beef. To facilitate understanding of the method
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development, all the media that were used in these experiments are as foliows:

ö.2"1 lm.oe¡¡latio¡a Co¡aee¡etratåon Gnadlent Experime¡at

(trfnug Media)

An experiment was conducted to determine if fresh ground beef inoculated

with varying amounts of C. sporogenes spores could be monitored accurately

with Pflug media in the presence of the normal microflora. Non heat-treated

stomached samples (Pflug-NH) and heat-treated stomached samples (Pflug-H)

were used to monitor total clostridia and clostridial spores, respectively.

C. sporogenes spore inoculation levels used were: 0, 1-0 ', 10 t, 10 4, 10 5, and

5x10 5/g. The results for this experiment are shown in Fig. 10' The average

ApC for all the samples u/as - 7.9x10 6/9. The total clostridia (PfIug-NH) assay

on average was only 0.25 Logl0 lower at - 4.4xLO 6lg.This demonstrated that

the Pflug-NH assay was not selective enough for use in fresh ground beef. A

large portion of the organisms monitored with the APC are also monitored on

the anaerobically incubated Pflug-NH assay for total clostridia. The organisms

monitored on the Pflug-NH assay may be considered to be AnPC. This high

percentage of anaerobic and/or facultative anaerobic organisms agree with what

is reported in the literature. As Madden and Moss (f987) found, the AnPC:APC

ratio to be between 0.6 Logl0 lower-l Logl0 higher depending on the condition

of the meat and fat used. to prepare the ground beef. Most of the natural
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microflora in ground beef monitored with the APC assay are also monitored with

the Pflug-NH assay (AnPC).

The clostridial spore assay (Pflug-H) demonstrated good response between

the calculated inoculation level and number of spores monitored with the Pflug-

H assay. At the 0 and L02lg inoculation levels, the spores monitored were

greater than the calculated levels (Fig.10). Possible cross contamination between

samples may have been the cause of these high values. Between the inoculation

levels of 103/g and 5x105 lg the monitored spores gave a linear response (FiS. 10).

The monitored level was approximately 0.25 Log10 lower than the expected

(calculated) spore level throughout the linear response (Fis. r0).

This inoculation concentration gradient experiment showed that we can

accurately monitor clostridial spores inoculated between the 1x10 3/g and 5x105/g

level using Pflug-H in the presence of normai ground beef microflora. However,

total clostridia could not be monitored with Pflug-NH assay because of

interference by the high background microflora level in fresh ground' beef (Fig.

10). A high percentage of the background microflora appear to be facultative as

they grew in both aerobically and anaerobically incubated assays (APC and

AnPC).

An experiment was conducted to determine if the Pflug assays could

monitor total clostridia and clostridial spores in sterilized ground beef inocuiated

with C. sporogenes spores. All background microflora in the ground beef would

be eliminated in sterilized hamburger prior to inoculation with spores.
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6.2.2 Applíeaúåo¡a of, trflwg Media fon' C. Spqeegq&çg Ðeúeeti.o¡a i.¡a Food

Fresh ground beef was sterilized with a 25 kGy (electron beam) dose. A

550 g portion of the sterilized ground beef was inoculated with 0.400 mL of a

L.4xL07lm| C. sporogenes spore suspension. This resulted in a calculated spore

concentration of 1.0x104/g in the ground beef. The inoculated ground beef was

reground five times at 2 C. Patties were formed and packaged as described in

section 4.2. Patties were stored at 20'C in a Atmosbag which was maintained

at 10 7o oxlgen Initially we had planned that reintroduction of oxygen to a

maximum level of only l0 7o would be investigated to determine if this would

inhibit germination and out growbh of inoculated C. sporogenes. Pflug medium

was used to evaluate the number of clostridial spores and total ciostridia. Non

heat-treated stomached samptes (Pflug-NH) and Heat-treated stomached samples

(Pflug-H) ,were used to monitor total clostridia and clostridial spores,

respectively. The oxygen content inside the package was monitored using a

Mocon LF-?00D Oxygen Anaiyzer. Four randomly selected patties were

evaluated to determine the homogeneity of the inoculum. The initiai number of

C, sporogenes spores found in the four random samples rileïe 1.5x104/g i- 0.12.

T¡aocutrated l{ar¡eburger Fattíes

The microbiological and oxygen concentration resuits for duai and singie

bag packaged sterilized patties inocuiated with C. sporogenes spores, stored at

20" C (L0 Vo oxygen) are shown in Fig. 11 and 12, respectively.
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Ðwan tsag trae&<aged Faúúies

In inoculated dual bag packaged patties the APC increased rapidly from

no detectable colonies at day 0 of storage to over 3x105/g by day 3 (Fig.fl).

Between day 3 and day 7 of storage, the APC remained at this level. This result

shows that there was some contamination of the hamburger during the

inoculation of spores into the sterile ground beef. The contamination level was

so low that it was not detected initially, but the contaminating organisms grew

rapidly during storage. Despite the contamination the experiment was continued

to see if Pflug medium was effective in monitoring C. sporosenes (total and

spores) in the presence of this level of contaminating organisms.

The number of white rhizoid colonies typical of C. sporogenes observed on

the non heat-treated Pflug medium assay (Pflug-NH) was recorded as total

(vegetative and spore) clostridia. Total clostridia numbers were maintained at

the lxlOa/g inoculation level until the seeond day. Between day 2 and 3 it

increased in parallel with the APC, followed by an increase to over LrL}Tlgby

the seventh day. Many non-rhizoid shaped colonies (Non-typical C, sporogenes),

and possible-rhizoid were observed and counted on this non heat-treated assay

between day 2 and 7.

The number of white rhizoid shaped colonies typical of C, sporosenes

observed on the heat-treated (80" C, 15 min, stomached sample) Pflug medium

assay (Pflug-H) was recorded as clostridial spores. Vegetative ceils of any kind

were d.estroyed by this heat treatment. Clostridial spores remained at the
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LxL}alg inoculation level until day 5 of storage in duai bag packaged patties (Fig"

11). Between day 5 and day 7 the number of clostridial spores increased to

approxim ately IxL07 I g.

The oxygen content within the packages \Mas inítially 0.20 Vo. The oxygen

content rose to a high of about 0,5 7o by day 3 followed by a decrease to

undetectable levels by the fîfth day. The drop in oxygen concentration within the

headspace gas of the nitrogen backflushed patties is probably due to consumption

of oxygen by the aerobic organisms present due to contamination.

Stuagne bag Faekaged

The resuits for the inoculated single bag packaged patties are shown in

Fig. 12. As with the duai bag packaged samples, the APC of single bag packaged

samples increased rapidly from undetectable numbers on day 0 to greater than

1x106/g by day 3 (Fig'. 12). Between day 3 and 7 tlne APC reached a plateau, with

a day 7 level of greater than 1x107/g.

The number of typical C. sporosenes colonies observed on the Pflug-NH

media assay remained at the IxL04lg calculated inoculation level until day 2 of

storage (Fig'. 12). Between day 2 and day 7 of storage the number of white

colonies on this assay increased and reached a plateau in parailel with the APC.

The results for the total clostridia present in inoculated single bag

packaged patties as monitored on the Pflug-H assay were the same as with duai

bag packaged patties. The Lxl}4lg inoculation level was maintained until day 5
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of storage, followed by an increase to 1-x1-07/g by day 7 (Fig. 12). This result

suggested that the - 6.5 7o level of O, was not able to inhibít spore germination

on day 5 of storage at 22 C.

The oxygen content in the package headbpace increased rapidly from 0.2Vo

initially to approximately TVo by day 2 and remained near this level until

day 7.

{Jnir¡oeutrated ffianrburger Fatties

The results for the uninoculated dual and single bag packaged patties are

shown in Fig, 13 and 14, respectively. No colonies were detected wíth the Pflug-

H (clostridial spore) assay at any time during storage in either packaging

condition (results not shown). The APC for the dual bag packaged patties

remained at undetectable levels until day 3 when it was over lxlOa/g, followed-

by a modest increase to just over lxlOuleby day 7 (FiS. 13). The results for the

Pflug-NH assay (which can be considered AnPC) paralleled the results of the

APC. This suggests that the organisms monitored with the APC were in fact

facuitative. The exception was on day 5 when no colonies weÍe detected. This

may have been due to experimental error (miss plating) on this day. The oxygen

concentration in the package headspace never exceeded 0.25Vo during storage.

The results for the uninoculated single bag packaged patties are shown in

Fig. 14. The APC increased rapidiy from undetectable levels on day 0 to greater
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than 1x105/g on day 2. Between day 2 and day 5 the APC decreased to

approximately 1x102 /g, followed by an increase to 1x106/g on day 7' The

colonies on the Pflug-H assay in general followed the trend set by the APC. The

oxygen concentration never reached moÍe than îVo which was somewhat lower

than that in the case of the corresponding inoculated samples (Fig. 12).

The oxygen concentration in the headspace gasses in duai bag packaged

patties never reached more than 0.lVu Thus the outer barrier bag was very

effective. The oxygen concentration in the headspace gases of single bag

packaged patties never reached tihe L\Vo equilibrium level present surrounding

the stored packages, and. actually decreased at the later stages of storage. This

suggested that the consumption of oxygen by the contaminating organisms

present was at a rate greater than the oxygen permeation rate of the inner

D-955 fiim.

The presence of colonies on the non heat-treated Pflug media assay (tota1

clostridia) in uninoculated patties stored in either packaging condition indicated

that this assay might not be practical due to interfering colonies which appear

similar to the rhizoid shaped C. sporogenes. The similarity between the APC and

Pflug-NH assay values over storage in ail samples indicated that this assay was

not selective enough for use in monitoring inoculated C. sporogenes in radurized

ground beef. The minimal contamination (undetectable on day 0) of sterilized

ground beef during C. sporogenes inoculation resulted in the growth of

background. microflora to levels much greater than the LxL} lg C.sporogenes
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inoculation level (Fig'. 11). The background microflora in radurized ground beef

is expected to be even gïeater due to the much higher initial Ìevels of the

microflora present in this experiment (sterilized hamburger which was slightly

contaminated during repackaglng). Thus there would be even more interfering

organisms present in radurized ground beef.

There appeared to be no ínterference with the clostridial spore Pflug-H

assay. In both packaging conditions the calculated inoculation level of 1x104/g

was observed initially and upon storage until day 5. Growbh in the number of

ciostridial spores occurred between day 5 and day 7'

The use of Pflug-NH assay to monitor total C. sporosenes in radurized or

slightly contaminated "sterilized" ground beef would not be effective due to the

interference on the assay of background organisms present. The use of the Pflug-

H assay to monitor c. sporogenes spores present in ground beef \tras

demonstrated.

6.2.& Review of'Totatr C. sporogenes Monitoring Methods

Qualitative or quantitative methods may be used to monitor total

C. sporogenes. The qualitative method only determines if C. sporogenes is

present or not, and can be used to monitor if there are any surviving C.

sporogenes after being subjected to irradiation or thermal treatment' These

methods consist of monitoring gas production (butging or puffîng) caused by

surviving C. sporogenes in an inoculated food system packaged and incubated.
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Aluminum ointment tubes (Robach, 1979), cans (Sofos, 1986b'; Navanugraha'

1973) of vacuum packaged bags (Sofos, 1986b'; Whiting et al', 1985)have been

used for packaging in such experiments. \Mhiting et al" (1985) indicated that

monitoring gas prod.uction may be a misleading indicator of C. botulinum risk'

However, these qualitative methods would not be effective in our inoculation

pack situation where c. sporoq'enes was not expected to be eiiminated.

The quantitative methods determine not only if C. sporogenes is present

but also at what level. By using heat-treated and non heat-treated assays' spores

and total clostrid.ia may be determined. Various media have been used in

conjunction with pour plating and anaerobic incubation to monitor

C. sporogenes. The media and methods of enumeration used varied between

different iaboratories. Whiting et a1.(1984, 1985, fg86) used Botulinum Assay

Media, enumerating number of c.sporogenes by subtracting the cFU/g on

uninoculated samples from inoculated samples. sofos, (1986a) used Peptone-

Yeast Extract Glucose, enumerating all cFUs. Molins et al. (1986) used

Trypticase Soy Agar, enumerating oniy rhizoid shaped colonies. DeFreitas et al.

(1988a,b.) used Brewers Anaerobic Agar, enumerating the rhizoid shaped

colonies.Vareltzisetal.(1984)used.Brain-HeartlnfusionAgar+0.057oferric

ammonium citrate + 0.L7a sodium sulfite, enumerating the black coloured

colonies on1y.
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Figure 14"
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Pivinick et al. (1970) used Wynne broth and three tube most probable number

(MPN) tables to enumerate number of C. sporoqenes. A1l of the food systems

studied by the above listed researchers were either, thermally processed

(DeFreitas et al., 1988a,b.; Molins et a1., 1986; Sofos, 1986a.; Vareltzis et al'

LgB4; 'Whiting et al., 1985, 1986) or previously treated by radiation (Pivnick et

â1., l9T0; Whiting et â1., 1934). These treatments, reduced or elimínated

interfering background organisms. Even with these treatments some researchers

had to abort experiments when background microflora levels increased to greater

than the inocuiated C. sporogenes levels'

After reviewing the above methods utilized to monitor C. sporogenes it

was decided the two best possible solutions to the problem of monitoring the

inoculated total clostridia were:

1) Increase inoculation level to greater than the background

level on Pflug-NH assay.

Z) Develop a selective and/or differential assay, so that total ciostridia may

be monitored at the present inoculation level'

Since the former wouid require an unrealistically high level of spores for

inoculation and it would require an unmanageable number of spores it was

decided to pursue the option 2) of aselective and/or differential assay to monitor

total (vegetative and spores) Clostridium sporosenes at about tx1Oa/g level in

fresh ground beef with an APC of greater than 1x106/g'
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6.2"4 Ðevetropme¡at of a Selective asad/or Ðiff'erenúiaå T'otaÏ

C" spot'o€ienes "A.ssaY

An assay which is selective and/or differential for total C. sBqlegen9Ë must

allow the enumeration of vegetative and spore forms in a sample with high

background microbial levels. As indicated in Section 3, the background

predominant microflora of stored fresh ground beef includes members of:

pseudomonas, micrococcus, lactobacillus, genera, enterobacteriaceae, and yeast.

The predominant microfLora of radurized stored ground beef inciudes members

of: Microcci such as Lactobacilli, Leuconostoc, and pediococci (LLP Group),and

streptococcus, yeast, and B. thermosphacta.

In the method utilized by Vareltzis et al. (1984) which includes ferric

ammonium citrate and sodium metabisulfite, C.spórogenes reduces the sulfite to

sulfate allowing the ferric ions to react with it, resulting in a black colored

precipitate (black coloured. colonies). The reaction producingblack C. sporoqenes

colonies make the media discriminative, and the sodium metabisulfite in the

media also makes it some what selective to some gloups of organisms.

An experiment was undertaken to determine if these two chemicals couid

be added to Pflug media to allow for the differential enumeration of C'

sporogenes. It was decided to use Pflug media as the base as it proved to be most

effective in recovering radiation stressed C. sporogenes (Shamsuzzaman. 1989).

Total C. sporogenes (non heat-treated), and C. sporogenes spores (heat-treated)

inoculated into ground beef were subjected to a radurization dose of 2.5 kGy
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(gamma). There were three samples (20 * 0.5 g) of ground beef for each of the

three sample treatments. The sample treatments were:

1) No inoculation, no irradiation (Control)

2) No inoculation, 2.5 kGy

3) 5xl05lg inoculation, 2.5 kGy

Each 20 g portion of inoculated ground beef was inoculated with

0.74L mL of a l.4xL07/ml C. sporogenes spore suspension and mixed with a

sterile fork. This resulted in the calculated pre-radurization C. sporogenes

inoculation level of 5x104/g. The modifîed Pflug medium prepared as in Section

4.2 was modified by adding 0.L 7o ferric ammonium citrate and 0.1- 7o sodium

metabisulfite to Pflug's media prior to autoclaving.

The results for the comparison of the Pflug and Modifîed Pflug medium

for the enumeration of inoculated C. sporosenes (total and spores only) and

interfering natural microflora in radurized and control ground beef are shown

in Table 5.

.&ssay f,on Fitro¡e-hea.t'treated T'otal Count

The results in Table 5 show that there was greater than a 2 LogI}

reduction in APC when samples were irradiated to 2.5 kGy (gamma). The results

for the total clostridia (I.ton heat-treated) Pflug and Modifîed-Pflug assay both

showed 2.5 Logl0 reductions in "All" colonies observed from 8.8 and 6,2xL06lgto

3.1 and z,LxI}Algrespectively. These are in fact monitoring the AnPC group of
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organisms and show the level expected in radurized and control samples of

ground beef. The addition of the modifying agents (Modifîed-Pflug media)

appear to result in only minor reductions in the organisms observed. There were

no typical C. sporoqenes (white rhizoid shaped) colonies observed in any of the

uninoculated samples with either media. There were 2.6xL04lg and 1.9x104/g

typical C. sporogenes (white rhizoid shaped) coionies observed with Pflug and

Modifîed-Pflugmedia, respectiveiy in the inoculated, irradiated hamburger. This

was the expected level of C. sporoqenes after a 2.5 kGy dose was applied to the

SxL}Alginitial calculated inoculation level. It was noted that the 5:1 ratio of "All"

colonies/typical C. sporogenes white colonies as observed in this experiment was

the maximum which could be visually discrimínated. This ratio relates to

visually d.iscerning 50 rhizoid colonies on a plate with 250 total colonies. Since

this maximum ratio was already reached at this time (0 storage time) and large

increases in background microflora would be expected over storageof ground

patties (section 5.2.L and Niemand, 1983) these results conflrrm that Pflug

medium would not be effective in monitoring total C. sporogenes at this

inoculation level. Increasing the inoculation level was agaín ruled out as it would

create an unrealistic contamination situation and required the propagation of

large numbers of these spores.

The Modified-Pflug medium showed an estimated 2x103 black colonies/g

in the inoculated samples, this was based on the average of three samples (0, 0,

and l.4x1\alÐ. There were no indigenous black colonies present in the
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uninoculated samples. The recovery of these black colonies is a 1 Log10 level

lower than recovery of C. sporogenes by visually discerning colony shape

(1.gx104/g). Most of the inocuiated C. sporoq'enes appeared as white rhizoid

colonies. It would require a majority of the L.}xL}alg white rhizoid colonies to

appear black for the medium to be considered effective as a differential media for

C. sporogenes. Even with the red.uced and variable recovery rate this non heat-

treated assay showed the potential of using the number of black coloured

colonies present as a method of monitoring total C. sporogenes with high levels

of background organisms as found in radurized ground beef. Therefore, further

investigation of this method using modifîed Pflug's media \Mas warranted.

^&ssay f,or lleat'Treated Spore Count

The results for the heat treated assays, which monitor spores only are also

shown in Table 5. No colonies were observed with either the Pflug or Modified-

pfiug assays for uninoculated. samples. This shows that there are no interfering

spores present in fresh or radurized ground beef. Atl the colonies observed on

pflug med.ium plates \ilere typical rhizoid shaped colonies, yielding an average

value of 1.8xlOa/g. The Modified-Pflug medium monitored 1.4x104 black colonies

/g. This is very close to the 1.8x104/g typical C. sporosenes recorded with the

pflug Medium. There were 0.4xL04lgwhite rhizoid typical C, sporogenes coionies

on Modified-Pflug in addition to the black colonies observed. Thus, a vast
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majority of C. sporogenes produced black colonies on the Modified-Pflugmedium.

Thus, C. sporoqenes spores can be more effectively monitored with a heat-treated

sample compared to a non heat-treated sample using Modified-Pflug medium.

Tab}e 5. I¡aoeunati.o¡a FaeÏ< Study C. s¡¡oroge¡ees Reeovery o¡¡. Vari.ol¡s
Media F resh Gno¡¡.¡ad tseef Ðay 0 of, Stonage

Inoculated No No Yes

Dose (kGy¡ 2.5

Media Colony
Type

--lltr'T T/o--vLvtbHeat
Treat

No All 1.5x10? 3.8x104 9.5x104

Pflug
Pflug

No
No

All*
White Rhizoid

8.8x106
0

3.lx1-04
0

1.5x105
2.6xL0a

Mod.-Pflug No
Mod.-Pflug No
Mod.-Pflug No

All*
White Rhizoid
Black

6.2x106
0
0

2.7x1.04
0
0

9.1x104
l-.9x104
2x103 t

Pflug
Pflug

Yes
Yes

Ali
White Rhizoid

0
0

0
0

1.8x104
1.8x104

Mod.-Pflug Yes
Mod.-Pflug Yes
Mod.-Pflug Yes

Ail
'White Rhizoid
Black

0
0

0

0
0
0

1.9x1-04
0.5xl0a
1.4xl0a

t
A type of AnPC
Average of 3 samples (0, 0, L.4xL0 4lg)
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6"2"6 Eva-[uaúio¡a of Se]eeti.ve øm&lor Ðif'fere¡aúiaå

.A,ssa.ys fon Tota.I C. sponogenes (No¡a heaú-T'reated)

Further work was done to evaiuate other potential selective / differential

media for monitoring C. sporoq'enes. A total C. sporogenes assay (non heat-

treated) was especially required as the Pflug and Modified-Pflug both proved

effective for monitoring spores (heat-treated) in ground beef samples when there

were no indigenous spores present to interfere with these assays.

The use of Sulfîte Cycloserine (SC) Agar for the enumeration of

C. perfrinsens in food is part of the recommended MFA-23 method according to

HPB (1982). The SC agar was made by preparing SFP agar and adding

1mL/100mL of agar to a 4Vo fîlter sterilized solution of d-Cycloserine. The SFP

agar prepared according to the manufacturers instructions contains 0.17o ferric

ammonium citrate and O.LVo sodium metabisulfite, so C. perfringenes will

produce black colonies. Harmon and Duncan (1984) state that C. sporoeenes will

interfere with this assay and produce similar black colonies, thus suggesting that

this medium could be used to monitor C. sporogenes and may be more effective

than the Modified-Pflug medium as it is not only discriminative (produces black

colonies) but also contains the antibiotic d-Cycloserine so it may also be more

selective. This along with the fact that it is a more enriched medium than

Modifîed-Pflug suggests that it may improve the recovery of C. sporogenes.
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Tabtre 6. E¡aum.eraúio¡a of C. sponEgenes Spore Suspelasio¡s. o¡a Various

' Media

Media

Pflug
Modified-Pflug
SFP

Heat Treated Not Heat Treated

1.3x107a
2x1o5Eb
<5x10%

1.lx107a
<5x102b
<5x102b

a
b

White Rhizoid Colonies
Black Colonies

The results from an experiment comparing the recovery of C. sporogenes

spores from the combined batch #L-4 stock suspension are shown in Table 6.

The concentrations of C. sporosenes in the combined batch when monitored with

Pflug medium were l-.3x1-07/ml, and 1.1x10?ml-,, for the heat-treated and non

heat-treated assays, respectively. The Modified-Pflug medium and SFP medium

'weïe ineffective in enumerating C. sporogenes via black coloured colonies (Table

6). The poor performance of Modified-Pflug medium in this experiment (even

though preliminary results from Table 5 indicated some potential for the use of

this medium) showed that further modifîcations to this medium or another type

of medium must be investigated due to lack of consistent recovery. The poor

performance of the SFP to monitor C. sporogenes \¡/as a surprise since Harmon

and Duncan (1984) stated it would produce a black colony on SC media' The

absence of Cycloserine (due to unavailability at time of the experiment) from the

SC medium as direcied by MFA-23 (HPB, i982) meant that the media was only

composed of the SFP medium. This lack of Cycloserine may be the reason for

the poor recovery, although this was not believed to be so initially. This was

demonstrated in a later experiment (Table 9) where addition of Cycloserine to

SFP medium still resulted in poor recovery of C. sporogenes as black colonies.

Next we considered the addition of the three supplements to the SFP medium
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that Polvino and Bernard (1982) found to be effective in increasing the recovery

of C. sporogenes in Pflug medium may be effective in increasing the recovery on

SFP medium and were investigated.

The results described in Tabie 7 compare the effectiveness of various

media on the recovery of C. sporoqenes spores using the heat-treated and non

heat-treated assay methods was done to monitor the clostridial spores and total

clostridia, respectively. The Pflug + Cycloserine and Modified-Pflug +

Cycloserine media were evaluated to determine what the effect of adding

Cycloserine to the media would be on the recovery of C. sporogenes . A 4 Vo ftlter

sterilized solution of Cycloserine was added at arate of 1 mL/100mL of tempered

autoclaved agar as indicated. The Modifïed-Pflug#2 medium \tras prepared as

Modified-Pflug medium with the exception that the ferric ammonium citrate and

sodium metabisulfîte were added after autoclaving as filter sterilized solutions.

This medium was evaluated as there ,was concern that the effectiveness of the

two added chemicals to permit the formation of black colonies by C. sporoqenes

may be hindered if exposed to the heat of autoclaving. The SFP * three

supplements were added as follows: SFP medium \Àias prepared according to the

manufacturers instructions, the three fîlter sterile supplements used with the

Pflug medium were added to the tempered autoclaved SFP medium. The

supplements were: I2.5Vo Sodium Thioglycolate, 507a Dextrose and L07o Sodium

Bicarbonate. The supplements were added at a concentration rate of I mL/100

mL agar.

The results in Table 7 show that the number of C. sporogenes monitored

with the Pflug-H and Pflug-NH assays were 1.0x107/ml and 6.9x106/ml,

respectively, for the C,sporogenes spore suspension. The greater recovery using

the heat-treated assay as opposed to the non heat-treated assay was expected as

Shamsuzzaman (1989) found that heat activation of spores results in improved

germination of spores. The Pflug + Cycloserine medium demonstrated slightiy

reduced recovety of C. sporoqenes compared to Pflug medium alone. The heat-
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treated. and non heat-treated Pflug + Cycloserine assays monitored B.6x10ul^L

and 6.4xlO6lmL, respectively, compared to t.0xl07lml, and 6.9x106/ml for the

Pflug medium alone. The SFP * three supplements medium demonstrated

slighity increased recovery of C. sporosenes compared to Pflug medium. The

heat-treated and non heat-treated SFP + three supplements assays monitored

L.2xL07lm¡ and 1.0x107/ml biack coloured colonies, respectively. The increased

recovery of spores when an assay uses a heating process in which heat activates

spores leading to improved germination is also evident with this medium. The

Modified-Pflug, Modifîed-Pflug #2, and Modifîed-Pflug + Cycloserine media all

recorded <5x102 black colonies/ml, thus showing that delaying the addition of

the biack colony producing agent until after autoclaving did not improve recovery

of spores, and that addition of Cycloserine did not improve the recovery.

Tahle ?. C. sporoge¡res Spone Suspensi.o¡¡ E¡ru.merati.on o¡¡ Vari.otls

Medía

Media

Pflug
Pflug + Cycloserine
SFP + 3 Supplements
Modified-Pflug
Modified-Pflug #2
Modifîed-Pflug + Cycloserine

Heat Treated Not Heat Treated

1.0x107t
8.6x1-06t
1.2x107+
< 5x102tr
< 5x102tr
< 5x102+

6.9x106t
6.4x106t
1.0xi-07+
< 5x1021
< 5x1021
< 5xl-02+

t
+

Rhizoid Shaped Colonies
Black Colonies

The effectiveness of SFP + three supplements medium was demonstrated

by the results in Table 7. The use of this medium (and possibly SFP +

Cycioserine + three supplements) appeared to be a potential soiution to

monitoring total clostridia in ground beef. The effect of the natural microflora

in ground beef on these assays remained to be determined to see if there \Ã¡ere
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any interfering background organisms and producing biack colonies. The

results are described below.

6"2"6 tsackgrou&d Mierofl.ora i¡a Grou¡r.d Eeef

An experiment was undertaken to determine the type and extent of

interference from the background microflora in ground beef using SFP + three

supplements. Ground beef was dual bag packaged and stored for 5 days at 2 C

to allow the natural microflora to increase, as a product with a high background

microflora \Ã¡as desired. The media tested were prepared as stated earlier.

Table 8. EvaXuaúio¡n of, Eackground Mierofï.ora of: Ground tseef, õ ï)ay

\Iaer¿um. Faeked at 2o C, Enumeration o¡a Vari.ous Media

Media

SFP + Cyclo + 3 Supp. (SC+3)
SFP + 3 Supplements
SFP + Cycloserine (SC)

Pflug

Heat Treated Not Heat Treated
__-_CFU/s_

------------( wHrrE coLoNIES )--------
<10
<10
<10
<10

1.2 X 1078
1.2 X 1078
1.1 X 1078
2.8 X 107

----------( BLACK COLONIES )----------
SFP + Cyclo + 3 Supp. (SC+3)
SFP + 3 Supplements
SFP + Cycloserine (SC)

Pflug

<10
<10
<10
NA

<10
<10
3.3 X l02E
NA

NA : Not Applicable
E : Estimate

The resuits of the enumeration of white and black colonies produced by

the background microflora in ground beef on various media are shown in Table

8. There were no recorded colonies, (white or black) with any of the media tested

when the heat treated assay was used. With the dilution levels used this insures
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that there were < 10 colonies/g of ground beef, Thus there are no interfering

spores present in this ground beef sample.

The number of white colonies observed on all the media tested with a non

heat-treated assay were simiiar. The three media with SFP all recorded an

estimated IxL07lg, while the Pflug medium had 2.8xl07lg of white colonies. This

means that the number of white colonies enumerated was not affected by the

variations in the media tested.

There were no interfering black colonies present when the non-heat-

treated assays were used with SFP + Cycloserine * three supplements (SC+3),

or SFP * three supplements media (Tabte 8). There were an estimated 3.3x102/g

of black colonies as monitored by the SFP + Cycloserine (SC) medium. The lack

of black colonies in the fîrst two media and minimal presence of black colonies

monitored with the last media indicated that the interference by the natural

microflora in the ground beef may not cause a problem in discerning the

inoculated spores in ground beef. No black colonies were observed with the

Pflug medium, as expected, since it does not contain the agents which allow for

the production of black colonies.

5.2"7 E¡nunaerati.o¡¡. of C.sporogenes Spores on Various Media

The recovery of C. sporogenes spores using the heat-treated assay with

four different media described above and Table 8 was further investigated. The

number of black and white rhizoid colonies was recorded. The results are shown

in Table 9.
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T'ab&e 9" E¡a¡¡¡me¿'aËio¡a of E{eat ?'¿eated C. sÏ¡orogenes Spore Suspemsåoxa
c¡m Va¿'i.oa¿s Media

Colony Colour (Shape)

---CFU/mL-----------------

Black Mlhite (WlB)
Rhizoid 7o

Media

SFP + Cycloserine * 3 Supp.(SC+3)
SFP + 3 Supplements
SFP + Cycloserine (SC)

Pflug

1.6x107
1.6x107
6.5x102E
NA

1.2x106
1.3x106
<10
L.2xL07

7.5
8.1
NA
NA

NA Not Applicable
E Estimate

The SFP + Cycloserine + 3 Supplements (SC+3) and SFP + 3

Supplements media both had similar recovery of C. sporogenes spores (in

suspension) using heat-treated spores. They both showed 1.6x107 black

colonies/ml and 1.2x106 white rhizoid colonies/ml. This resulted in a white

rhizoid/black colony ratio of \Vo for both. The SFP * Cycloserine (SC) medium

recorded only an estimated 6.5x102 black colonies/ml, and no white rhizoid

colonies were observed. The Pflug medium monitored L.2xL07 white rhizoid

colonies/ml. These results show thai SFP + 3 Supplements (with or without

Cycloserine) recover C. sporogenes spores more effectively. The addition of the

three supplements to the SFP media was essential to good recovery. Further

addition of Cycloserine did not affect the recovery. So the SC media (of HPB,
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1982) had to be modifîed to SC+3 to be effective in our application of monitoring

C. sporogenes spores.

The presence of the -ïVo white rhizoid colonies in the SFP + 3

Supplement media (with and without Cycloserine) raised concerns that perhaps

there was contamination in the C. sporogenes inoculum. Representative black

and white rhizoid colonies \Mere picked and serially diluted. The various

dilutions were plated on the SFP * Cycloserine * 3 Supplements (SC+3)

medium. The results from all the colonies selected were approximately \Vo whíte

rhizoid, with the remainder being black colonies. This indicates that with the

assay as stated, 92Vo of the C. sporogenes colonies will be black. Further work

to increase the percentage of black colonies was ruled out as the assay was

already more effective than the Pflug medium assáy.

õ"?.8 E¡aumeratio¡L of Radiatio¡r. Stnessed Spores

Shamsuzzaman (1989) had found that the Pflug medium \Mas mole

effective in recovering radiation stressed C. sporogenes spores. An experiment

was conducted to d.etermine if the SFP-based medium would lose its effectiveness

compared to the Pflug medium in recovering radiation stressed C. sporogenes

spores. Two samples from the C. sporogenes spore suspension were subjected

to a gamma dose of 2.5 kGy.

The results for the non heat-treated assay using SFP + Cycloserine + 3

Supplements (SC+3) and Pflug media are shown in Table 10. The average
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recovery of the two samples with the SFP + Cycloserine * 3 Supplements

(SC+3) and the Pflug media were 4.6xL06frr.L and 3.2x106/ml, respectively.

These results show that the effectiveness of this SFP-based medíum compared

to the Pflug medium was also applicable to the radiation stressed spores (as well

as with no stressed spores as seen before).

T'ahle X.0" E¡aum.erationof'NonlÏeat-Treated, 2.õkGyGarmrma Súressed
C. sporogenes Spore Suspensio¡¡ o¡r Vari.ous Media

Media

SFP + Cyclo + 3 Supp.(SC+3)*
Pflug *x

Y::i:ï
4.4x106
3.1x106

Sample
CFU/mL

4.8x106
3.2x106

:. i:::1-:

4.6x106
3.2x106

* Black Coionies*ìk White (Typical Rhizoid Shape)

õ"9"9 .&ssessm.e¡¡.t of SC+3 Media f,or lnoeulatio¡a traek Study

An inoculation pack study was conducted to determine if fresh ground beef

inoculated with varying amounts of C. sporoqenes spores could be monitored

accurately with the SC+3 medium. Non heat-treated stomached samples (SC+S-

NH) were used to monitor total clostridia. C. sporogenes spore inoculation levels

were: 0, 101, 103, 104, 105, and 5x105/g. \ilhite non-rhizoid shaped colonies on

the SC+3-NH assay are given as AnPC in Fig. 15. The average AnPC for the

ground beef sampies was 6.3x106/g (Fig. 15) using ihe SC+3 medium which was
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ciose to the AnPC of 4.4xl06/g using Pflug medium (Fig. 10). Thus the

background microflora used in this experiment at different C. spQrggqnes

inoculation leveis are similar to that used in section 5'2.2.

The total clostridia assay (SC+3-NH) demonstrated good response

between the calculated inoculation level and the number of clostridia monitored

with the SC+3 assay (Fig. i5). Only at the 0/g inoculation ievels were the

ciostridia monitored greater than the calculated levels. Possible contamination

through experimental error or the presence of natural microflora in the ground

beef, which could produce black colonies with the SC+S assay, was believed to

be responsible for the higher than expected value. At the 1x101/g inoculation

level no black colonies were observed. This was a I Logro lower response than

expected. However, between the 1x103lg and 5x105/g inoculation levels the

monitored total clostridia gave a linear response at a level approximately 0.25

Log10 lower than the expected (calculated) spores (Fig. 15). This was the same

reduction in the observed ciostridia as shown in Figure 10 with the Pflug-H

medium monitoring spores oniy, The SC+3 medium has been shown to be more

effective than the'Pflug medium in monitoring spores (section 5.2.7) and

radiation stressed total clostridia (section 5.2.8), and can accurately monitor total

ciostridia inoculated. between the 1x103/g and 5x105/g inoculation levels. The

total clostridia were seiectively monitored (black colonies) in ground beef with

high background microflora leveis (AnPC 6.3x106/g). The Pflug media could only

monitor clostridial spores between these levels of inoculation, as the total
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clostridia (Pflug-NH) assay was interfered with by the high AnPC present in

ground beef.

õ.9"-Å,Ø [¡aoeulation Faek Study, F'i¡aan Medium &lodifieation

An inoculation pack study with dual bag packaged irradiated (2.3 kGy

electron beam) and unirradiated control patties of fresh ground beef was

conducted. Microbiological evaluations inciuded: APC, total clostridia (SC+3-

NH), and clostridial spores (SC+3-H) assays. Storage temperatures included:

2-4",10o, 15o, and 20'C.

The results for the dual bag packaged irradiated (2'3 kGy) and

unirradiated control patties are shown in the fîgures indicated: 2-4C (Fig. 16)'

10.C (Fig. L7),15"C (Fig. 18), and 20'C (Fig, 19). Concern for the effectiveness

of the totai clostridial (SC+3-NH) assay was raised due to the results in figures

16 io 20. In an inoculated patty, the total clostridia (SC+3-NH) monitored

should be equal to or greater than the clostridial spores alone (SC+3-H). It was

observed that at 10o, l5o, and 20'C storage temperatures (Figs. 17, 18, 19), on the

frrst day of storage evaluated after day 0 (day 5, 5, and 3 respectively on the

figures), no total clostridia \Mere monitored in irradiated patties while the

clostridial spores monitored remained at the initial inoculation level (1x104/g)'

At these same evaluation days the total clostridia and clostridial spores in

unirradiated control patties were similar at the initial inoculation level of

approximately LxL04lg. The total clostridía and ciostridial spores for the 2-4C
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stored. irradiated and unirradiaied control patties \trere similar at approximately

5x103/g, a stight drop from the initial inoculation ievel of approximately LxL}alg

(Fis. 16).

These results indicate that at the 10', 15', and 20"C storage temperatures,

irradiated patties are showing inappropriate or poor recovery on the total

clostridia (SC+3-NH) assay compared to the clostridial spore (SC+3-H) assay.

The problem does not occur with the unirradiated control patties or any patties

stored at 2-4"C. Evaluations conducted at day 10 of storage for these samples

stored at 10o, 15", 20o C did not show this poor recovery with the total clostridia

assay, but there was still a concern that the assay required modifi.cations. In

radurized and. unirradiated vacuum packaged meat, lactic acid bacteria'(LAB)

will become the predominant microflora upon storage. The percentage of I"AB

contributing to the APC or AnPC as monitored. could not be determined as no

selective medium was used. From literature it was found that l"AB are

facultative organisms and thus would be able to grow on the anaerobically

incubated SC+3-NH assay and probably are the major component of the AnPC

or white colonies on this assay. They would not be a factor on the SC+3-H

assay as they would. be destroyed by the heat treatment. The production of lactic

acid by these organisms, whiie they grow in the SC+3 medium with the non

heat-treated assay, may cause the pH of the medium to be lowered' The pH of

the media was monitored after incubation in the subsequent experiments.
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Figure trõ.
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Fig"rere 16.

lnoculation Pack Study (Dual Bag Pack.)
Fresh Ground Beef(lrradiated & Control)
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Figue"e 17.
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F'igure n8.

lnoculation Pack Study (Dual Bag Pack.)
Fresh Ground Beef(lrradiated & Control)
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Figare 19.

lnoculation Pack Study (Dual Bag Pack.)
Fresh Ground Beef(lrradiated & Control)

('J

:l
LL
O

1E+09

1E+08

1 E+07

1 E+06

1 E+05

1E+04

1 E+03

1E+02

1 E+01

1 E+00

-+-
APC (0 kGy)
-€-
Spores (Okcy)

-@l-
Tot Clost (OkGy)

+
APC (2.3 kGy)

+
Spores (2.3 kGy)
...@-

Tot Clost (2.3 kcy)

02 4 6 I 10 12 14 16

Storage Days at 20 C
18 20



94

The pH of the medium in the petri dishes \À/as measured at three positions

on the surface of each plate to give an average pH of the medium in that plate'

The SC+3-NH plates from day 10 of storage at 15'C, were the first samples to

be evaluated and the results on the pH and CFU are shown in Tabie 11. The pH

of the media used does drop considerably for the irradiated sampies'

T'abåe 11" SC+S-NE{ Media Eva1uati.on f'or CF'U arad pl{ of Ðual tsag
Faekaged XnoeuXated Patties ^åf,ter Ðay L0 of, Sto¿'age at 15"C

Dose
(kGY)

Media Dilution CFU/S
Counted White

Dilution CFU/g Media
Counted Black pH

Media
pH

10"
105

0
2.3

SC+3
SC+3

6.4x106
4.7xL078

6.80
5.22

10:1
l0:1

B.9xl-02 7.10
3.8x102 5.50

E : Estimates

Three potential solutions to inhibit ihe pH reduction of the SC+3 medium

by the growbh of LAB on the medium were initially considered:

f) Addition of antibiotics to produce a more selective medium which would

inhibit the growth of lactic acid bacteria (LAB) and thus eliminate the pH

reduction resulting for the production of lactic acid produced during the growbh

of these organisms.

Z) Changing incubation temperature from 35"C to inhibit the growth of l,AB'

B) Addition of buffers to the SC+3 medium, not to inhibit I"AB from growing

but to stabilize ihe pH of the medium when ihe l"AB grow and produce lactic acid

on the medium.
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The first option was discounted because Vidat and Coilins-Thompson (1987)

found, a wide range of resistance by various lactic acid bacteria to antibiotics. The

complexity of the microflora of ground beef along with the unavailability of a

general all-purpose antibiotic for all the species potentially contained in ground

beef, rendered this option unlikely of success. The second option was ruled out

because a reduction in the incubation temperature would not inhibii LAB growih

as many are known to grow more effectively at 20.c than at 35'C. An increase

in incubation temperature would. lead to increased HrS gas production by

c.sporogenes. This gas production causes problems in counting colonies as the

medium may either break up or become totally discoloured (black) from the HrS

reactíng with the medium'

Including a buffer in the SC+$ medium was investigated as a potential

solution to controt the pH of the media to [,AB growth in irradiated samples'

several concentrations of the phosphate and, Tris buffer in the sc+3 medium

were investigated. The final buffer concentration in the sc+3 medium was 0'05

Moiar. The Health Protection Branch MFA-23 recommends the pH of the SC

med.ium to be 7.6. We compared. the recovery of c. sporogenes on the buffering

ability of the phosphate and Tris buffers to maintain appropriate pH of the SC+3

media.

The 0.05 Molar phosphate buffered SC+3 medium (SC+3+85) \ñ¡as

prepared. as stated in section 5.2.5, modifîed as follows:
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Filter sterilized phosphate and Tris buffered stock solutions were used to

prepare the following media:

1) 0.01 M phosphate buffered SC+3 medium (SC+3+81)'.pH 7.6'

2) 0.05 M phosphate buffered SC+3 medium (SC+3+85)' pH 7.6.

3) 0.01 M Tris buffered SC+3 medium (SC+3+Tl), pH 7.6.

4) 0.05 M Tris buffered SC+3 medium (SC+3+T5), pH 7.6.

The results for inoculated patties stored for 13 days at 2{0-C were fi.rst

evaluated with SC+3 medium and SC+3+81 medium. The results are shown in

Table 12. The number of clostridial spores as monitored by the SC+3-H assay

were 6.4x¡031g, and 8.8x103/g for the irradiated and unirradiated control patties,

respectively. There \¡/ere 4.8x103/g spores monitored with the SC+3+Bl medium

in irradiated patties, this being fairly close to the number found with SC+3

medium. The pH of the medium for the heat-treated irradiated samples \trere

approximately 7.9 for either medium. This was expected as I"AB were not present

in the heat-treated assays, thus the pH reduction due to the lactic acid productíon

would not be a problem. The number of total clostridia should be greater than or

equal to the number of clostridial spores alone if the total clostridial (non heat-

treated) assay is to be effective. As discussed previously, the number of white

colonies represents the AnPC of the samples. A portion of these organisms would

be LAB. The AnPC of the irradiated and unirradiated control patties were similar

at 4.3xL07lg and,6,2xL07lg, respectively (Table l2). These values were also similar
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to the corïesponding APC values (Fig. 19). The number of totai clostridia

monitored in 2.3 kGy irradiated patties with either medium and the pH of that

medium was lower than the 6.4x103 spores/g and pH 7.9 monitored with the heat-

treated spore assay, respectively. This indicates poor recovery by the total

clostridia assay with these samples. The total clostridia monitored as black

colonies in the samples and pH of media were lower for SC+3 medium than for

SC+3+81 medium at 5.8x102 CFU/g, pH 5.65 and 3.9x103/g, pH 6.75, respectively'

Thus, the addition of phosphate buffer somewhat aided in maintaining the pH

cioser to the recommended level of 7.6 and thus improved the recovery of the totai

clostridia, but sufficient recovery was not achieved. The unirradiated control

patties showed higher total clostridia than the clostridial spores, as expected, since

LAB would not be as dominant a factor in the microflora of these samples as

compared to irradiated samples. The total clostridia recovered were -4.5 and

2.gx¡04lgfor the SC+3 and the SC+3+81, respectively, which were greater than

the 4.8 and 8.8x103 soores/g recovered for the SC+3+81 and the SC+3 media,

respectively. The medium pH of approximately 7.2 was not reduced to the same

extent as with the irradiated samples. The pH reduction and effect on improved

recovery of total clostridia by the buffered media were not evident with

unirradiated control patties, as expected, since I"AB would not be as dominant a

factor in the microflora of these samples.
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T'abne n2. Evaluaúio¡a of Various Media fon l{eat- *nd No¡a Eåeat-T.c"eaÛed

Ðual tsag Faeä<aged l¡aocu].ated tratties Stored a* lliff,ere¡aú
Tempea"aúures

Dose Media Heat CFU/S pH CFU/g pH
(kGY) Treat White Black

DAY 13 of STORAGE at 20"C

2.3 SC+3 H
2.3 SC+3+81 H
O SC+3 H

6.4x103 7.90
4.8x103 7.85
B.Bx103

2.3 sc+S NH 4.3xL07 5.35 5.8x1-02 5.65

2.3 SC+3+81 NH 3.9x103 6.75

0 sc+3 NH 6,2xL07 7.10 4'5xL0a 7 '20
0 SC+3+81 NH 2.9xL0a 7 '25

DAY L4 of STORAGE at 15"C

2.3 SC+3 H
2.3 SC+3+T5 H
O SC+3 H
0 SC+3+T5 H

3.4x103
3.2x103
6.8x103
6.0x103

2.3 SC+3 NH 7.4xL07 <5 5.5

2.3 SC+3+T5 NH SamPle #1 <5 5'4
samþh +z 3.8x102 6.0

0 SC+3 NH L.4xl07 2.0x103 7 '6
0 SC+3+T5 NH 1'2x103 7 '4

These results all support the idea that the I"AB present in the non heat-

treated assays are reducing the total clostridia recovery effectiveness due to the

pH reduction of the plated medium. The addition of 0.01 M phosphate buffer to
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ihe SC+$ medium was not enough to inhibit this pH reduction. Investigation of

higher buffer concentration (0.05 M) in the medium was therefore conducted.

Table 12 also shows results for irradiated and unirradiated patties stored

for L4 d.ays at 15"C evaluated using SC+3 and SC+3+T5 media. The number of

clostridial spores monitored with the SC+3-H assay in irradiated and unirradiated

control patties were 3.4xL03lg and 6.8x1-03/g, respectively. Similar numbers were

observed using the SC+3+T5-H assay, indicating the addition of the 0.05 M Tris

buffer did not improve the recovery of clostridial spores; it actuaily showed a

slighi drop.

The AnPC, monitored as white colonies on the non heat-treated assay

showed slightiy higher values in irradiated patties than unirradiated control

patties, 7.4xL07lg vs. 1.4x107/g, r.spe.tively. The number of total clostridia was

monitored as black colonies on the non heat-treated assays. The number of total

clostridia monitored with SC+3 and SC+3+T5 media were less than the number

of clostridial spores monitored for corresponding irradiated and unirradiated

control patties. This, as before, indicates a recovery problem with the non heat-

treated total clostridial assays. Surprisingly, the irradiated patties monitored with

SC+3 medium showed no black colonies in this run, and had a medium pH of 5'5.

W-hen monitored with SC+3+T5 medium, sampie #1 and #2had'O and 3.8x102/g

with a media pH of 5.4 and 6.0, respectively. We have no simple explanation for

this result.
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The total clostridia for unirradiated control patties monitored with SC+3

and SC+3*T5 were 2.0xI03lg and 1.2x103/g, respectively. The media pH of these

assays were 7.6 and 7.4, respectiveiy. The higher pH was anticipated since I,AB

\trere not expected to be as major a component of the microflora as \ru'as expected

with irradiated patties.

The addition of Tris buffer to the SC+3 medium demonstrated limited

success in maintaining media pH and improving recovery of total clostridia. The

addition of other buffers to maintain pH of media in the non heat- treated total

clostridia assay was thus found to be of limited value. The pH reduction of media

on non heat-treated assays, especially in the irradiated patties (where LAB were

anticipated to be a dominant component of the microflora) was observed. This

fact, along with the absence of the pH reduction in heat-treated assays and limited

reduction of pH in unirradiated control patties (where LAB were not expected to

be a domínant component of the microflora) helped identify I"AB as the cause of

the pH reductions. The limited success of the buffers in maintaining pH

concurrent with slightly improved total clostridia recovery also supported the

concept of the pH reductions leading to the reduced recovery efficiency of the

assays.
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6.2"1Ø"2 Re-eva-luatio¡a of Stored $nmptres rråth l¡aereased

l¡acl'ã'baúío¡a T*ime

Due to the limited success of 0.01 M phosphate buffered and 0.05 M Tris

buffered SC+3 media to monitor total ciostridia in irradiated stored samples,

further investigation of phosphate and Tris buffered media \trere conducted using

0.01 M and 0.05 M concentrations for both types of buffer. The investigation was

conducted on 2.3 kGy irradiated samples previously evaluated as they

demonstrated the highest propensity toward lowering the pH of the assay medium

(Table 12). These samples had been stored at 4'C in the l-0:1 dilution since their

initial evaluation. The 13-day (at 20'C) samples were stored an extra three days

at 4"C, while the l4-day (at l5"C) samples were stored an extra two days at 4"C

prior to this experiment. The results of this investigation are shown in Table 13.

In addition to monitoring the effect of the various buffered media on recovery of

total clostridia, the effect of an additional 12 hours of incubation was investigated.

The additionai incubation time was investigated when faint black colonies were

observed. with some media. The lack of suffîcient incubation time was considered

a possible reason for the poor formation of black coioniès.

The results for the irradiated patties stored 13 days at 20C are also shown

in Table 13. There \trere 6.4x103 clostridial spores/g monitored with the SC+3-H

assay. After 48 hours of incubation no total clostridia were observed with ihe 0.01

M Tris buffered medium (SC+3+T1) white 4.8x103 faint black colonies/g \ryere

observed with the 0.05 M buffered medium (SC+3+T5). A further 12 and 24
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hours of incubation resuited in the appearance of an estimated 3.6x102 and

2.5x103, respectively, faint black colonies/g with the SC+3+T1 medium. Over the

same increase in incubation time the faint black colonies on the SC+3+T5

medium became darker and they were recorded at a leveI of 2.3xL03/g and

3.6x103/g for the two incubation time increases, respectively. The pH of the

medium after 72 hours of incubation was 5.9 and 6.6 for the SC+3+T1 and

SC+3+T5 medium, respectively. These counts are better but still lower than the

spore count.

The 0.05 M phosphate buffered SC+3+85 media showed better recovery

of total clostridia compared to corresponding concentrations of Tris buffered

SC+3+T5 media after the standard 48 hour incubation period (Table 13). When

incubated 48 hours, the SC+3+81 and SC+3+85 media showed 6.4x103 faint

black colonies/g and 5.8x103 black colonies/g. After a further L2 and'24 hours of

incubation the colonies on the SC+3+Bl became black then faded again while the

colonies observed decreased to 1.4x1-03/g, and further to 9.8x1-02f g, respectively.

Over the same increase in incubation time the colonies on SC+3+85 medium

remained. black and essentialiy unchange d. at 7 ,7xL03/g and 3.8x103/g, respectively.

The pH of the media after 72 hours of incubation was 7.1 for both SC+3+B1 and

SC+3+85.

These results indicated that the SC+3+85 was the most effective in

recovering total clostridia after the standard 48-hour incubation period; however,

after extended incubation the SC+3+T5 medium also showed similar results.
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However, there \tras concern over the lack of development of black coloured

colonies in the standard 48-hour incubation period, and the low medium pH with

the latter medium.

The results for the irradiated patties stored 14 days at l5"C are shown in

Table 13. There were 3.4x103 clostridial spores/g monitored with the SC+3-H

assay. After 48 hours of incubation no total clostridia as indicated by black

colonies were observed with either the 0.01 M or 0.05 M Tris buffered media

assays (SC+3+ T1 or T5). The pH of the media used with either assay was below

5.5. A further 12 hours of incubation resulted in no or limited increases in black

colonies observed with even lower pH of the medium. The black colonies observed

and media pH for SC+3+T1 and SC+3+T5 media were <5lg (pH 5.2) and an

estimated 8.5x101 faint black colonies (pH 5.4), respectively, after 60 hours

incubation.

The 0.01 M and 0.05 M phosphate buffered SC+3 media showed much

improved recovery of total clostridia compared to corresponding concentrations

of Tris buffered media (Table 13). After 48 hours incubation faint black colonies

were observed with the SC+3+B1 and SC+3+85 at 8.9x103/g and l.2x10alg,

respectively. As with the day l3 samples, an additional 12 and 24 hours of

incubation generaliy resulted in fewer colonies which iniiially became dark

followed by fading again. On SC+3+85 medium an additional 12 hours (total of

60 hours) of incubation did not increase the number or darkness of the colonies,

while an additional.24 hours (total of 72 hours) of incubation resulted in fewer
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(5.6x103/Ð but darker colonies. The pH of the media after 72 hours of incubation

was 7.1 for both SC+3+81 and SC+3+85.

From these results, we see ihat phosphate buffered SC+3 media

(SC+3+85) are more effective in recovering total clostridia. Increasing the assay

incubation time from 48 to 60 to 72 hours did not increase the number or

darkness of total clostridia recovered.

TabÏe 13" Media Reeovery Evaluation, Re-Evaluatio¡a of Stored
Sanrpnes, for Elael< Colony F onmati.on after Dif,f,erent
ã¡acubatio¡e Times

Inc.-------- ------Media
Time SC+3+B1 pH SC+3+85 pH SC+3+T1 pH SC+3+T5 pH

(2.3 kGy, Day 13 at 20C,10:l- Dilution Stored 3 Days at 4"C)
(6.4 X 103 Spores/g Monitored using SC+3)

5.8x103 7.0 <5 5.3
7 "7xL03 3.6x102#E

72 9.8x102# 7.L 3.8x103 7.L 2.5xr03# 5.9

48 6.4x103#
60 l-.4x103

4.8x103#
2.3x103
3.6x103 6.6

(2.3 kGy, Day 14 at 15'C, 10:l Dilution Stored 2Days at 4"C)
(3.4X103 Spores/g Monitored using SC+3-H)

48 8.9x103#
60 5.0x103
72 7.8xI02#

L.2xL04#
L.2xL04#

7.L 5.6x103 7,I

5.5
5.4
NA

5.4
5.2
NA

<5
<5
NA

<5
B.5xlo1#E
NA

E Estimated
# Faint Black colonies

The variability of results observed in different runs with various buffered

media resuited in a lack of confidence with even the most effective SC+3+85
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medium. So, a further medium modifîcation was investigated. The exclusion of

the dextrose supplement from the base medium resulted in SC+2 medium" Thís

modification was investigated alone and in conjunction with the 0.05 M

phosphate buffering. The exclusion of the dextrose limits the carbon source the

LAB may utiiize to produce lactic acid.

The results of the evaluation of day 19 of storage of irradiated and

unirradiated control patties with various media are shown in Tabie 14.

C. sporogenes was monitored with SC+ 2 and SC+2+85 in addition to SC+3 and

SC+3+85 media evaluated previously.

Table tr 4. Evaluation of, Vari.ol¡s Media, Inoaulated Ðual tsag
trackaged Fatties, Irradiated and controtr, stored 19 Ðays

Dose (kGy) 0 0 2.3 2.3

Temperature ('C) l5' 20" 15" 20

Patty pH 5.95 6.42 5'28 7.82

Media Heat Treat.----- ----CFU/g-

APC No 2.5x1078 1.4x108 1.2x1088 1.8x108

SC+3 Yes 7.6x103 8.0x103 4.9x103 4.5xL0a

SC+3 No ZxLozE 3.4x106 o 4.3x105

SC+3 (pH) (5.5) (7.3) (5.3) (8.0)

SC+3+85 Ño 1,8x103 3.0x103 4.5x103 7.IxL}a
SC+3+85 (pH) (7.4) (7.4) Q.2) (7.6)

SC+2 Ño NA NA 1.3x10a 1.6x105

SC+2 (pH) NA NA (8'2) (7.8)

SC+2+85 Ño I{A NA 6.3x103 9.3x104

SC+2+85 (pH) NA NA (8.i) (8.2)

E Estímated
NA Not Available
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The patty pH as measured by the pH of the 1:10 stomached patties u¡ere

5.95 and 6.42 for the dual bag packaged unirradiated control patties stored at l-5"

and 20'C, respectively (Table 14). The number of Clostridial spores as measured

by biack colonies on the heated SC+3 assay were 7.9x103/g and 8.0x103/g for

unirradiated control patties stored at 15'and 20"C, respectiveiy (Table 14). This

is simílar to the initial inoculation level thus no change has occurred in these

samples. The totat clostridia as monitored by black colonies on SC+3 medium

were an estimated 2xl02lg and 3.4x106/g for,l-5" and 20'C stored samples,

respectively. The reduced recovery of C. sporoqenes coincides with the reduced

pH of the medium (lactic acid bacteria) of 5.5 for 15'C stored samples compared

to 7.3 for 20.C stored samples. The higher presence of the LAB in the l5' C

stored sample is also indicated by the lower patty pH for these samples (5.95)

compared to 20"C stored samples (6.42). The phosphate buffered medium

(SC+3+85) showed similar recovery of total ciostridia with 1.8x103/g and

3.0x103/g for l5"C and 20'C stored samples, respectívely. The pH of SC+3+85

medium was 7.4 with both samples, showing the effectiveness of the phosphate

buffer in maintaining pH. The recovery of only 3.0x103 black colonies/g with

SC+3+85 medium compared to 3.4x106 black colonies/g with SC+S medium

when monitoring the 20"C stores samples indicates reduced. effîciency when

phosphate buffer is added to the SC+3 medium.

The pH of patties were 5.28 and 7 .82 for the dual bag packaged 2.3 (kGy)

irradiated patties stored at 15"C and 20"C, respectively (Table 14). This
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indicates, as expected, a greater population of lactic acid bacteria (I"AB) in the

samples stored at 15'C as compared to 20C. The clostridial spores monitored

with the heat treated SC + 3 assay \À/ere 4.9xL03lg and 4.5x1 0a lg for 15'C and 20 C

stored patties. Thus the number of spores only increased above the initial

inoculation ievel of approximately LxL}alg, in the 20'C stored samples.

The total clostridia in 15'C stored patties (0/g) could not be monitored

effectively by non heat-treated SC+3 medium as expected due to the pH

reduction of the medium to 5.3 by the high number of LAB present. The

SC+3+85 medium maintained an acceptable medium pH of 7.2 and showed

4.5x103 total ciostridia/g. The total clostridia monitored with the SC medium

without the dextrose supplement (SC+2) showed 1.3x104ig while 6.3x103/g \ilere

observed with the buffered SC+2+85 medium. The medium pH using either

assay was approximately 8. The most effective medium for monitoring total

clostridia in these high LAB populated samples was SC+2.

The total clostridia in 20"C stored patties was 4.3x105/g as monitored by

SC+3 medium, with a medium pH of 8.0. This indicates the number of total

clostridia has increased from the initial 1x104/g inoculation level. It can be

effectively monitored with SC+3 medium as I,AB are not a problem as indicated

by the 7.82 patty pH. Thus the media pH was not reduced in any of the media

tested, which would result in poor recovery of total clostridia. Somewhat

reduced recovery was shown with the buffered media, with 7.1x104/g and

9.3x104/g for SC+3+85 and SC+2+85 media, respectively. The SC+2 medium
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monitored 1.6x10Õ/g with a medium pH of 7.8 which was similar to the results

obtained with SC+3 medium.

In samples with a hígh population of l,AB SC+2 medium gave the best

recovery of total clostridia. The exclusion of the dextrose carbon source from the

supplements reduced the ability of l"AB to reduce the pH of the medium by

producing lactic acid. Slightiy reduced recovery was obtained with either of the

buffered media (SC+3+85 and SC+2+85) while SC+3 could not monitor total

clostridia as the media pH was drastically reduced. In samples without a high

I,l\B component, reduction in media pH and recovery of total clostridia due to

media pH reduction was not observed. The recovery of total clostridia with

SC+3 or SC+2 media was similar. Thus SC+2 medium was selected to monitor

total clostridia inoculated in ground beef. This medium will be tested to see if

it can also be used to monitor clostridial spores with the heat-treated assay.

6"2"XX. SC+Z Medíum E¡eum.eration of, Spore Stock

An experiment was conducted to determine if SC+2 medium was effective

in monitoring C. sporoqenes spores using the heat-treated assay. SC+2 and

SC+3 were used to evaluate four samples taken from the combined batch #L-4

of C.sporoqenes spores. Each of the four samples was evaluated by duplicate

plating with both media types and the average of the duplicates calculated.
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The number of spores monitored were: (*1 S.D.)

SC+3: l.4xL07 lml-, (-r0.1xl-07)

SC+2: 1.5x107/ml (-¡o.l-x107)

The accepiability of using SC+2 to monitor clostridial spores using the heat-

treated assay was confirmed. The justification of using SC+2 medium to

monitor total clostridia (non heat-treated) assay was shown in section 5.2.10.

õ.3 lnocutratio¡a Faek Studies: Ctrostridium. sporogelles

Clostridium sporoe'enes spores were inoculated in either radiation

sterilized or non sterilized hamburger. The dual packaged patties were

subsequently radurized with a dose of approximateiy 2.5 kGy. Various package

storage conditions (dual bag or single bag packagrng), and storage temperatures

(refrigerated and abuse) were employed as listed in subsequent sections (5.3.1-

5.3.4),

Two trials were held to monitor the effect of storage time and temperature

on the number of total clostridia (spores and vegetative bacteria) and clostridial

spores in radiation (electron Beam) sterilized ground beef (sections 5.3.1 and

5.3.2). A dose of 30 kGy or greater will render ground beef commercially sterile.

The inoculation of C. sporogenes spores on a sterilized patty eliminates any

effect due to competitive microflora. Surface inoculation was utilized in these

experiments to minimize the possibiliiy of undesired recontamination of the

sterile patty during inoculation of the spores.
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Two trials were held to monitor the effect of storage time and temperature

on the number of total clostridia and clostridial spores in fresh ground beef

(sections 5.3.3 and 5.3.4). The C. sporogenes spore inoculum was incorporated

into the fresh ground beef to give a homogeneous d.istribution of the inoculum

within each patty.

õ"3"n Radiaûion Súerilized Grou¡ed Eeef, Trial #1

The initial Inoculation Pack Study with sterilized ground beef involved

dual packaged patties stored at 2,10o, 15', and 20'C. The aerobic plate count

(APC) and anaerobic plate count (AnPC) of the fresh hamburger on day 0 of

storage prior to sterilization was 1.2x106 CFU/g and 1.4x106 CFU/g, respectively

(Table 15). This similarity between APC and AnPC falls within the range found

by other researchers for the initial microflora of ground beef. Niemand et 41.

(1983) found AnPC values to be approximately 0.1 - 0.2 Logro lower than APC

in the ground beef they used, while Lee et Al. (1984) found the AnPC to be 0'9

Logro lower than the APC in their test material. The variatíon may be explained

by AnPC vs. APC results of Madden and Moss (f987) which were 0.6 Logto iower

for ground beef made from fresh trim and I Logro higher for ground beef made

from trim stored vacuum packaged 2 weeks at l'C prior to grinding. The higher

number of anaerobes can be expected if atl or a portion of the trim used to make

ground beef is stored in vacuum packaging'
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The patties \¡/ere sterilized with an average dose of 48 kGy. Sterilized

patties were surface inoculated with C. sporoq'enes spores after sterilization

averaged 2.BxL}a total clostridia (vegetative bacteria and spores)/g and 2.3x104

clostridial spores/g (Tabte 15). An addiiional dose of 2.3 kGy (electron beam)

was given after inoculation to insure similar radurization dose treatment of

inoculated spores with subsequent inoculation pack experiments (section 5'3.3

and 5.3.4), and to "sanitize" the patties in the event of accidental contamination

during inoculation, This subsequent radiation treatment reduced both the total

clostridia and clostridial spores by 0.63 Logro to L.ZxI}alg and 1.0x1-04/g,

respectively. The hamburger sampies showed no viable aerobic baeteria after

irradiations, and there \Ã/as no growth on storage at any of the storage

temperatures.

Uninoculated sterilized control patties did not have any APC, endogenous

total clostridia, or clostridial spores on day 0. There were no changes after 1l

and 21 days of storage at 20'C, or after 21 and 27 days of storage at 2,10o, and

l$"C with either duai or single bag packagrng, as expected in steri\ized ground

beef. Thus all total clostridia and clostridial spores present in inoculated patties

are due to the inocuium.
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T'able Xõ. l¡¡.oeu1aúÍ.on Faelc Study, SúeriLized Growad Beef, TYil,&& #X
Ðual tsag Fackaged, Ðay @ of, Storage

Sterilized No Yes Yes Yes Logro

Inoculated No No Yes Yes Reduction

Dose (kcy) 0

APC
AnPC

l-.2x106 0
l.4xl06 0

00
00
2.8xl0a L.ZxL}a
2.ïxLoa l-.oxloa

2.3 Due to
2.3 kGy

Total Clost. 1.0x103x 0

Clost. Spores 0 0

0.33
0.36

* Interfering Colonies

õ"3.1.X Storage at 20"C

Patties stored at 20,C showed an increase in total ciostridia between day

3 and day 6 of storage (Fig. 20). The clostridial spores did not increase until

between day 6 and day I of storage. After 11 days of storage the number of total

clostridia and clostridiai spores were constant at about 4xL07lg, Thus ali the

ciostridia at this point \¡/ere in the spore form. These results were consistent

with the increasing number of vegetative clostridia incurring unfavourable

environmental conditions such as depletion of available nutrients, or presence

of inhibitor substances which could trigger sporulation (Gombas, lg85).



113

6.&"X,.2 Stonage a:t,2", f.@o, a¡'¡d lõ'C

The number of total clostridia and clostridial spores in patties stored in

dual bag packaging at 2,10o, or 15"C for up to 29 days remained the same (Fig.

27). The constant spore and totai clostridia levels show there was no

germination, and no growbh of the inoculated C. sporogenes spores, respectively.

5"3.2 Radíatio¡r Sterilized Fresh Gror..¿¡ed Eeef, T'rlia'ï' #2

The second inoculation pack study with sterilized ground beef involved

patties stored in both dual bag and single bag packages at only the abuse

temperatures. The storage temperatures monitored were 15o, and 22"-24"C. T}'e

day 0 of storage APC and AnPC of the fresh ground beef was 1.1x107 CFU/g and

1.4x107 CFU/g respectivety (Table 16). This APC:AnPC ratio fails within the

range found by other researchers as noted in section 5.3.1, The initial APC and

AnPC values \¡/ere considered rather high as compared to trial #I (L Logro

higher), but since this work was done with sterilized hamburger we proceeded

with the experiment.

The average sterilization dose delivered to the patties by the E-Beam was

30.8 kGy. In trial #1 a higher sterilization dose (48 kGy) was used; however, a

dose of 30 kGy or greater will ensure commercial sterility. Patties were surface

inoculated with C. sporogenes spores before the deiivered radurizationtreatment

averaged 4.4xL0a Total Clostridia/g and 4.6xL0a Clostrídial Spores/g (Table 16).
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The radurization dose (electron irradiation) averaged 2.3 kGy, and reduced both

the total clostridia and clostridial spores by 0.53 Logl0 to 1.3x104/g and

L.4xL04lg, respectively. The inoculated hamburger patties showed no viable APC

aftet sterilization and radurization, and there was no growth on storage at either

storage temperature.

Uninoculated sterilized control patties did not have any APC, endogenous

totai clostridia, or clostridial spores on day 0. There were no changes after I and

14 days at22-24"C, or 27 days at 15'C with either dual or single bag packagrng,

as expected from sterilized ground beef. Thus all total clostridia and clostridial

spores present in inoculated patties are due to the inoculum.

Table 16. [noeulat!.on Fack Study, Sterilized Grou¡r.d Eeef, Trlia,l #2,
Ðual tsag Packaged, Day 0 of, Storage

Sterilized No Yes Yes Yes Logl0

Inoculated
Reduction

No No Yes Yes

Dose (kGy)

APC
AnPC

c¡Ð
á.a ) Due to

23 kGy

.-------CFU ls------

1.1x107 0

L.4xL07 0 0

0
0
1.3x104
1.4x104

0.53
0.53

Total Clost. 3.6x103* 0 4.4xl0a
Clost. Spores 0 0 4.6x104

* Interfering Colonies
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6.3"2.t Stonage at' 22-24C

Inoculated patties stored at22'-24C in.both the dual and singie packages

demonstrated simiiar responses for Total Clostridia and Clostridial Spores (Fig'

22). The number of Total Clostridia increased from the initial 1x104/g to

approximate|y 5x106/g (>2 tog increase) between day 3 and 6 of storage. Patties

stored in both packaging conditions approached 2x108 Total Clostridia lgby day

L2 of storage, although at a slightly slower rate in the single bag packaged

samples. The number of Clostridial Spores in patties stored in either packaging

condition increased from the initiai IxL04lgbetween days 8 and 9. By day 12 of

storage the dual packaged samples approached 1x108/g while the single packaged

samples reached LxL07 lg.

6"3"2"2 Storage at X.5"C

At a 15"C storage temperature the number of total clostridia and

clostrid.ial spores in sterilized inoculated patties stored in dual bag and single bag

packaging conditions remained constant until day 18 of storage and declined

slightly by day 27 (Fíe.23).

Summary

The results of trials #L and #2 of the

radiation sterilized ground beef to eliminate

summarized as follows:

inoculation pack studies using

competitive microflora can be
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1) There \tras no germination or growih of inoculated C. sporogenes spores

in patties stored at up to 15'C in either packaging condition (27 and 29 days).

2) Total clostridia growth occurred between day 3 and day 6 of storage in

inoculated patties stored at 20'C in duai bag packaging (TriaI #L). This was

confirmed in trial #2 which showed growbh in total clostridia between day 3 and

day 6 of storage in patties stored in dual or single bag packages at 22-24"C.

Reintroduction of air into the package (single bag) does not have a significant

effect in retarding the C. sporoqenes growbh in inoculated sterilized patties,

abused at room temperature.

õ.3"S Rad.u.nized Fresh Grou¡ld tseef (Tesú #1)

In this study the C.sporogenes spore inoculum was homogeneously

distributed into fresh ground beef by regrinding the inoculated ground beef 5

times. Ensuring even distribution of the inoculum throughout the patty couid

be attained as the need for absolute sterility of the patty as required in section

5.3.1 was not required here. The 2.5 kGy (gamma) irradiated dual bag and

singie bag packaged samples were stored at 15" and 22C. Samples were

monitored for Total Clostridia, Clostridial Spores, APC, AnPC, I"AB, and pH.

The initial number of CFU/g assayed for the APC, AnPC, and LAB in the

fresh uninoculated commercial ground beef was L.2x1061g, 1,9x105/g, and

3.3x105/g, respectively, The average initial patty pH was 5.88 (Table 17),
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The APC:AnPC ratio falls within the range found by other researchers (Niemand

et al., 1983, Lee et a1., Lg84, Maden and Moss, 1987). There was some

interference in the Total Clostridial assay; few non typical tiny black colonies

were observed in unirradiated. samples. They were estimated to be 2.8xl021g.

No Clostridial Spores were observed. There was no interference by tiny black

colonies in any of the 2.5 kGy (gamma) irradiated samples. This suggested that

these black colonies were destroyed by a2.5 kGy irradiation dose and thus there

was no interference with the results of at least all the irradiated samples.

Initially inoculated samples not subjected to radiation averaged total

Clostridia and Clostridial Spores of 5.0x10a lg and 2.5xL041g, respectively (Table

17). These inoculated/unirradiated control samples maintained similar values for

ApC, AnPC, LAB and pH as compared to the uninoculated starting material

(Tabte 1?). The average pH for inoculated samples was 5.86. The APC, AnPC,

and l,AB for inoculated samples averaged 2.2xL061g, 1.3x106/9 and 3.4x105/g,

respectively, which were very close to the values in the uninoculated samples'

This shows that there was no change in the microflora due to the inoculation

procedure.

Inoculated samples subjected to2.5 kGy gamma radiation had the number

of Total Clostridia and Clostridial Spores reduced by 0.79 and 0'39 Logro,

respectiveiy, to 8.1x103/g and l-.1x104/g {Table 17). The APC declined by about

B tog to 2.8x103 Cn'U/g and the AnPC and I,AB showed similar reductions to

5x101/g (estimated) and 9.8xL021g, respectively (Table L7). Corresponding
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uninoculated/irradiated samples possessed similar APC, AnPC, and I"AB values

as the inoculated irradiated samples, while no total clostridia or clostridial spores

were observed in these samples initially or at any time duríng storage at 15' and

22'C. Thus all total clostridia and clostridial spores monitored were due to the

inoculum.

T'able L?. lnoeulaúion traenc Study, Fresh Grou¡rd tseef Fatties ?'æltel' #'1',
Ðay 0 of Storage

Inoculation

Dose (kGy¡

Package

Yes No

0 2.5

Dual Dual

Logl0

Reduction

0-2.5 kGy

No

0

Dual

Yes

2.5

Dual

pH

APC
AnPC
LAB
Tot. Clost.
Clost. Spores

5:88 5.86 5.86 5.89

1.2x106 1.3x106 2.3x1o3 2.8xlo3
2.8xlo5 2.2xLo5 8x1o1E 5x1o1E
3.3x105 3.4x105 5.2xLo2 9.8x102
2.8x:r02x 5.ox10a 0 8.1x103
o 2.lxloa 0 1.1x104

0.79
0.39

E Estimated* Tiny Black (Non-typical) C. sporogenes

5.3.3"n Storage at' 22'C

The total clostridia and ciostridial spores in inoculated samples stored at

22C in either packaging condition (dual or single bag) are shown in Fíg. 24.
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The numbers of total clostridia and clostridial spores up to 6 days of storage

were similar and constant, approximately LxL}alg. This iilustrates the spore

inoculum has not germinated and all total clostridia monitored up to this date

are in the spore form. Between days 6 and 8 of storage the number of Total

Clostridia and Clostridiai spores in the singie bag packaged samples increased

to 1.1x1071g and 2.2xL06lg (estimated), respectively. This suggests some of the

inoculated spores in these packages germinated, outgrew, and multiplication of

the resultant vegetative sporogenes was followed by sporulation of some of the

vegetative sporogenes, within this two-day period, since there is an increase in

the number of spores. The same increase in total clostridia and clostridial spores

occurred between days I and L2 of storage in the dual bag packages. The

number of total clostridia and clostridiai spores present on day 12 were 6.8x107/g

and 2.5x10?/g (estimated), respectiveiy.

An extension of aliowable storage time at 22C prior to clostridial growbh

was seen in radurized (2.5 kGy) patties of inoculated fresh ground beef as

opposed to sterilized inoculated patties. Fresh dual and single bag packaged

radurized patties showed growbh between day 6 and day B of storage and

between day I and day L2 of storage. Sterilized inoculated patties showed

growih between day 3 and day 6 of storage in either dual or singie bag

packaging. These increases in allowable storage of approximately 3 and 5 days

for dual and single bag packaged patties appear to be due to the competitive

microflora present in the radurized fresh ground beef patties but not present in
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the sterilized patties. The microflora present over storage is affected by type of

packaging and the storage temperature.

The APC for the d.ual and single bag packaged. samples stored at 22C

were similar, and are shown in Fig. 25. The APC of the irradiated patties

increased rapidty from 3x103/g on day 0 of storage to approxim ately 1x106/g and

1x108/g by day 3 and day 4 of storage, respectively. The APC remained stightly

greater than 1x108/g until day 8. The 107 5-8 0 (3.2x107 - 1x108) APC spoilage

criteria in ground beef of Jay and Shelf (1973) as modifîed to be 5x107/g was

reached between days 2 and 3. This microbial spoilage level was reached at least

3 days prior to total clostridia growbh in single bag packaged patties and 5 days

prior to growih in dual bag packaged patties.

A higher percentage of colonies observed on the APC plates from samples

at later stages of storage in either packaging condition were typical of yeast and

moulds. A yeast and mould ff&M) assay was included in future studies to

monitor this group of organisms.

The APC, AnPC and I"AB in dual and single bag packaging inoculated

irradiated patties stored at 22C are shown in Fig. 26. All three groups of

organism show similar results in both types of packaging. Concentrations of

1x108/g for all three gïoups weïe reached by approximately day 3 of storage and

maintained at that level, From these results direct changes in microflora during

storage due to the two different packaging conditions cannot be determined, and
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thus cannot explain the difference in storage days before growih of total

clostridium in the two packaging conditions.

The pH of the patties during storage at 22C are shown in Fig. 27. Both

the inoculated and uninoculated, dual bag package stored patties demonstrated

similar pH responses over I days of storage. The pH remained constant at about

the initial vaiue of approximately 5.9 for the fïrst day of storage, followed by a

drop to approximately 5.5 by day 3. There \Mas a gradual increase in pH from

this point to approximately pH 5.8 by day 8 of storage. Between day 8 and day

12 of storage, the pH of uninoculaied patties remains constant at 5.8, while the

inoculated patties'pH increases to 6.4. This may be a result of the increase seen

in the total clostridia during this storage period (Fie,2Ð. The clostridial growth

would cause an increase in pH.

The inoculated. and uninoculated, single bag packaged. patties were also

similar in patty pH response over a storage period of 8 days. As with the dual

bag packaged samples, the pH remained constant at approximately 5.9 for the

first day of storage, followed by a drop to pH 5.5 by day 3 of storage. There was

a rapid increase in pH from this point to approximately pFI 7 by day 8 of storage

(Fig. 27).

The lower pH of dual bag packaged patties may be a contributing factor

to the delay in totai clostridium growbh in dual bag as compared to singie bag

packaging. The lower pH of patties stored in dual vs. single bag packaging may

be a result of differences in microflora, even though a direct difference could not
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be seen in the number of colonies (FiS. 26). A greater number of LAB was

expected in dual bag packaged patties, to explain the lower pH of patties in this

packaging condition; however, this was not seen (Fig.26). Nassos et al. (1985)

did find vacuum packaging resulted in reduced ground beef pH compared to

aerobically packaged ground beef, while Jay et al. (L962) found decreased gas

permeability of the vacuum packaging resulted in decreased pH.

5"3"3.2 Storage aú L5'C

The results of the inocuiation pack study with samples stored at 15"C in

both packagrng conditions are given in Tabie 18. The APC spoiiage level of

5xL07lg (Jay and Shelf, 1978) was surpassed at d,ay 15 in both packagrng

conditions. The APC was 3.0x108/g and t.7xl08lg for dual and single bag

packaged. samples, respectively. On day 15 there was no increase in total

clostridia. These values \Ã¡ere 2.0xL04lg and 1.3x10alg for dual and single bag

packaged samples, respectively, as shown in Table 18. The Clostridial spores

present in dual and single bagpackaging also remained constant at 5.3x103/g and

9,2xL03lg,respectively. No Clostridia were detected. in the uninoculated samples.

Thus all Ciostridia in the inoculated sampies were due to the inoculum.
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It should be pointed out there \Mas Tlo contamination problem or change in

microflora during inoculation. The APC and pH for uninoculated and

corresponding inoculated samples with similar dose treatment and packaging

conditions were the same (Table 18).

The pH increased to greater than7.5 in both inoculated and uninoculated

patties irradiated with 2.5 kGy and stored in single bag packaging for 15 days.

The corresponding duai bag packaged patties maintained a pH similar to the

initial values, with 5.82 and 5.94 for uninoculated and inoculated dual bag

packaged patties.

TabÄe 1.8" lnoculati.o¡a Faetr< Sttrdy, F resh Grou¡rd Eeef Fatties TesÉ #X.,
[naitiatr and Súored at X.5'C

Day Inoc Dose Pack pH
(kGY)

Clostridium Sporo genes
Total/ml Spores/ml

APC
Us)

0
0
0
0

No 0 Dual 5.88 2.8x102*
No 2.5 Dual 5.86 0
Yes 0 Dual 5.86 5.0x104
Yes 2.5 Dual 5.89 8.1x103

0
0
2.5xl0a
1.1x104

1.k106
2.3x103
1.3x106
2.8x103

15 No 2.5 Dual 5.82 0

15 No 2.5 Single 7.52 0
15 Yes 2.5 Dual 5.94 2.0x104
15 Yes 2.5 Single 7.82 1.3x104

0
0
9.2x103
5.3x103

1.4x108

2.7xL08
1.7x108
3.0x108

* Tiny black (non-typical C. sporogenes) colonies
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õ"8"4 Fres&a Gnou¡ad tseef (Test, #Z)

C. sporogenes spore inoculum was homogeneously distributed into fresh

ground beef by regrinding the inoculated ground beef 5 times, and radurized. to

a dose of 2.5 kGy (electron beam). Radurized and non irradiated control samples

were stored at 15' and 22C in dual bag and single bag packages. Samples were

monitored for total Clostridia, clostridial spores, APC, AnpC, l,AB, y&M, and

pH.

T'abÏe x9. l¡r.ocuÏaúio¡a Faek súudy, Fresla Ground. Eeef rest, #2,
Ðay 0 of Stonage

Inoc Pack pH APCI1 I"AB/g Y&M/eDose
(kGy¡

No
No
No
No

0
0
2.5
2.5

Dual
Single
Dual
Singie

5.92
5.90
5.91
5.93

4.4xL06
3.8x106
4.8x103
2.5x103

2.5x106
3.6x106
l-.6x103
l-.8x103

2.lx105
1.6x105
2.6xL0a
2.8x104

Yes
Yes
Yes
Yes

Dual
Singie
Dual
Single

5.91
5.91
5.96
5.94

4.2x106
3.7x106
2.2xL03
1.9x103

0
0
2.5
2.5

4.0x106
4.2x106
2.9x103
1.6x103

na.
na.
na.
na.

The average (dual and single bag) initial APC, LAB, and Y&M assayed in

fresh uninoculated ground beef prior to being subjected to radurization was

approximately 4xI061g,3x106/g and 2x105/g, respectively (Table 1g). The average

initial pH was about 5.9. There was interference in the total clostridia assay and

some non typical tiny black colonies \ryere observed, In dual and single bag
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packages at day 0 of storage there were an estimated 8x101/g and 2.4xl031g,

respectively of these interfering colonies (Table 20). There were no clostridial

spores present in either packaging condition at this time.

The average (dual and single bag) initial APC, LAB, and patty pH in fresh

inoculated unirradiated control ground beef were maintained at levels similar to

the uninoculated patties. They were 4xL06lg, 4x!061g, and 5.91, respectively

(Table 19). This shows there was no contamination or change in microflora of

the patties due to inoculation of spores. The initial total clostridia in dual and

single bag packagrng on day 0 of storage were L.2xl05lg, and 9.0x104/g,

respectivety (Tabie 20). The clostridial spores present \treïe 3.7x1-04þ and

2.0xL04lgfor dual and single bagpackagrng, respectively. The difference between

total clostridia and clostridial spores \ä¡as greater than experienced in test #L on

day 0.

Table 20" nnoculation Faek Study, F'resh Grou¡rd tseef Test #2,
Spore Courats, Ilay 0 of Storage

Day Inoc Dose Pack pH
(kGY¡

Clostridium Sporogenes
Total/ml Spores/ml

APC
(le)

0 No 0 Dual
0 No 0 Single
0 No 2.5 Dual
0 No 2.5 Single
0 Yes 0 Dual
0 Yes 0 Single
0 Yes 2.5 Dual
0 Yes 2.5 Single

5.92
5.90
5.91
5.93
5.91
5.91
5.96
5.94

Bx10lE*
2.4x103*
0
0

l,2xl-05
9.0x104
L.2xl0a
1.2x104

0
3.7x104
2.0xl0a
1.8x104
]-'2xI0a

4.4xL06
3.8x106
4.8x103
2.5x103

4.b-L06
3.7x106
2.k703
1.9x103

0
0
0

E Estimated Count
Tiny black (non-typical C. sporogenes) colonies
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Patties subjected to a 2.5 kGy (electron beam) irradiation showed

reductions in all groups of organisms monitored as compared to corresponding

unirradiated controi samples. Uninocuiated samples (dual and single bag) had

Log10 reductions of 3.1, 3.2 and 0.8 in APC, l,AB, and Y&M, to an average of

4xL03lg, 2xl03lg, and 3x104/g, respectively (Table l9). The inoculated samples

showed similar reductions in APC and IAB. A 3.3 Logl0 reduction was found

for both APC and LAB to an average of 2xI03lg in both packaging conditions.

There was no interference from the tiny black colonies in the total

clostridia assay for the 2.5 kGy irradiated samples, on day 0 or any day of

storage. This suggests they were destroyed by this dose and did not affect any

of the irradiated samples. The uninoculated-irradiated patties had no total

clostridia or clostridial spores on day 0 or any day of storage at 15"C (Table 21)

or 22C (Fig. 28). The inoculated patties subjected to 2.5 kGy electron beam

irradiation had the number of total clostridia reduced by 1.0 and 0.9 logro for

dual and single bag packagrng, respectively, from L.2xL05lg and 9.0x1041g to

L.ZxL}4lgfor both (Table 21). The clostridial spores were reduced by 0.3 and 0.2

Iogr6 for dual and single bag packaging to 1.8x104/g and 1.2x104/g, respectively,

6"3"4""A, Storage at' 22C

(2.5 kGy Irradiated): The total clostridia and clostridial spores in

inoculated patties, electron beam irradiated with 2.5 kGy and stored at 22"C ín

both packagrng conditions (dual and single bag), are shown in Fig. 28. The
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number of total clostridia and clostridial spores up to 3 days of storage were

similar and remained constant, approximately Lxl} lg. This itlustrates the spore

inoculum did not germinate, and all the total clostridia monitored are in the

spore form up to this date. Between day 3 and day 6 the number of total

clostridia in both packaging conditions increased to greater than Lxl06lg. By day

B the total clostridia with both packaging conditions was greater than LxL07lg.

There was no appreciable drop in the number of clostridial spores in

patties stored in either packaging condition (Fig. 28). This suggests in both

packaging conditíons, only a few inoculated spores germinated, outgrew and

initiated multiplication between day 3 and day 6 of storage, If a signifîcant drop

in the number of clostridial spores had occurred in conjunction with an increase

in the number of total clostridia, this wouid have indicated most of the

inoculated spores had germinated and outgrown.

The number of clostridiai spores in dual packaged samples remained at

the 1x10a/g level until day 6; however, there was a rapid íncrease to greater than

LxL1T lgbetween day 6 and day 8. The number of clostridial spores in single bag

packaged samples increased to greater than 1x105/g b"t*."n day 3 and day 6.

There \tras a further increase to greater than 1x10'lgby day 8. These results

suggest the vegetative sporogenes resultant from growth of the inoculum

reverted back into the spore form by sporulation between day 6 and 8 in duai

bag packaged samples, and between day 3 and 6 in singie bag packaged samples.

The uninocuiated samples stored in both packaging conditions had no total

clostridia or clostridial spores on day 0 and day 10'



F igure 28.

136

-@t-
Spores (Dual)
--@-

Tot. Clost (Dual)
...+
Spores (Single)

-B--
Tot. Clost (Single)

o)

=LL()

1Ë+08

1 E+07

1 E+06

1E+05

1 E+04

1 E+03

lnoculation Pack Study
Fresh Ground Beef,Electron Beam(2.skGy)

0 1 2 3 4 5 6 7 I I 10
Storage Days af.22 C



L37

The APC for irradíated samples in both packagrng conditions increased

from approximately 2xl03lg initially to 1x108/g by day 3 (Fig. 29). Thus the

5xL07lg APC spoilage criterion of Jay and Shelf (1978), \Ã/as surpassed prior to

day 3 of storage. This detectable spoilage was reached prior to growth of

clostridia, as total clostridia did not increase until between day 3 and day 6 of

storage. The APC remained constant at about 1x108/g between day 3 and day

8. The LAB for these samples were similar to the APC (Fig. 29), suggesting the

majority of the organisms monitored with the APC are lactics. The Y&M count

was also approximately 1x108/g between day 3 and day 6; however, it dropped

to 1x106/g by day 8. There \Ã¡ere no differences between dual or single bag

packaging in APC, LAB, or Y&M counts present in samples stored at 22C. The

results for APC and l"AB of patties in both packaging conditions were the same

as the results observed in test #1 section 5.3.2.L (Fig. 26).

The detectable spoilage level was reached prior to day 3 for patties in

either packaging condition. Growbh of inoculated clostridia in patties stored in

either packaging condition did not occur until between day 3 and day 6 of

storage. Due to the 3-day time interval between evaluation days, the actual

number of days between microbiological spoilage and clostridial growbh is

unclear. Depending upon at what point between day 3 and day 6 of storage the

clostridial growbh occurred, there could be as little as 1 day and as many as 4

days of microbiological spoiiage prior to clostridial growth. This compares to 5-9
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days and 3-5 days of microbiological spoiiage prior to growth of clostridia in dual

and single bag packaging found in Test #1 (section 5.3.2.1).

The pH of irradiated and unirradiated inoculated patties stored at 22'C

are shown in Fig. 30. The initial pH of the patties is about 5.9. The pH of the

single bag packaged patties increase more rapidiy than the corresponding dual

bag packaged patties. By day 6 of storage the patty pH of dual bag packaged

irradiated and unirradiated samples increased to approximately 6.7 and 6.1,

respectively, while corresponding singie bag packaged samples increased much

higher to 8 and 7.2, respectively. The pH of unirradiated control samples

increased more rapidly than corresponding irradiated samples similariy

packaged. There was no initial decrease in patty pH as seen in test #L (Fig.27).

By day 6 of storage the pH of inoculated, irradiated dual and single bag packaged

patties were 5.7 and 6.8 in test #1 as compared to the higher values of 6.1 and

7.2 ín test #2.

There was a reduction in the number of days of microbiological spoilage

prior to growth of clostridia in patties stored in dual and single bag packaging

found in test #2 as compared to test #1 (section 5.3.3.1). The higher pH of the

irradiated patties during storage in test #2 compared to test #1 may be the

reason for the more rapid clostridial growbh. Enfors and Molin (1978) found a

pH decrease from 6.7 to 6.0 dramaticaily reduced the germination of

C. sporogenes in a complex media. It was surprising that the LAB count was

similar between the two tests, as it was expected that a difference in patty pH
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would be a result of a difference in LAB leveis. Perhaps our LAB assay was not

specific enough to identify the actual number of iactic acid producers. A lack of

specificity would explain why the APC and LAB values \Ã/ere similar in test #L

(Fig. 26) and teÈt #2 (Fíg.29).

(Unirradiated Control)

The total clostridia and clostridial spores in unirradiated-control,

inoculated patties stored at 22C in both packaging conditions (dual and single

bag) are shown in Fig. 31. The number of total clostridia in both packaging

conditions increased from approximately 1x105/g on day 0 to greater than 1xL07lg

by day 3 of storage. This increase continued, and by day 6 stored patties had

greater than 1x108/g, and lxl0e/g, in dual and single bag packaged samples,

respectively.

The results for total clostridia and clostridial spores monitored in

uninoculated samples stored in both packaging conditions are shown in Fig. 32.

Unlike the 2.5 kGy treated samples in this test, test #1 and previous inoculation

pack studies with sterilized ground beef (section 5.3.1), there were a substantial

number of coionies with the total clostridia and clostridial spore assays for the

uninoculated 0 kGy treated samples. The number of colonies in the total

clostridia assay for samples in either packaging conditions resulted in similarly

shaped growth curves. The single bag packaged samples increased rapidly from

approximately 2xL03lg on day 0 to 5x10'lg on day 3, followed by a moderate
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increase to ZxL}elg by day 6 (Fig. 32). The dual bag packaged sampies had a

simiiar growth pattern, with values being approximately I log10 lower than

corresponding single bag packaged samples. The high values observed indicate

there is an organism(s) interfering with the total clostridial assay. The size of

the colonies could not be distinguished on the assay plates, due to the large

number of colonies per plate, with the dilutions plated.

In both packaging conditions the number of clostridial spores remained

constant at approximately 3x104/g up to day 3 of storage in inocuiated patties

(FiS. 31). Between day 3 and day 6 of storage there was an increase to

approximately 1xL07lS. Between day 6 and day 8 the number of spores remained

about LxL07lg, generally unchanged. During this time the number of clostridial

spores showed a slight decrease (dual bag) and siight increase (singie bag),

respectively.

Previously \ile saw the number of ciostridial spores in inoculaied 2.5 kGy

irradiated patties did not increase until between day 6 and day 8 of storage in

dual bag packaging, while in single bag packaged patties the increase was

between day 3 and day 6 (Fig. 28).

The number of colonies observed with the clostridial spore assay for

uninoculated samples in either packaging conditions resulted in similarly shaped

growth curves (Fig. 32). There were no detectable colonies up to day 3 of

storage. On day 6 there \trere an estimated 4x101 lg, and 1.6x103/g for dual and

single bag packaged samples, respectively. On day 6 there were an estimated
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2.4xl05lg for samples stored in either packaging condition. In previous

inoculation pack experiments where samples .\ilere treated with 2.5 kGy, no

coionies had been observed with the clostridial spore assay.

The degree of interference from background microflora on the total

clostridia and clostridial spore assays of the inoculated samples was evaluated

by comparing the inoculated and uninocuiated sample growth curves. The

growbh curve of coionies monitored with the total clostridia and clostridial spore

assays in inoculated and uninoculated, dual bag packaged samples (Fig. 33) and

single bag packaged samples (Fig. 34) are shown. The total clostridia monitored

in dual bag packaged samples on day 0 was approximateiy 1x105/g and LxI}2lg,

for inoculated and uninoculated samples, respectively (Fig. 33). The total

clostridia monitored in single bag packaged sampies on day 0 was approximately

1x105/g and 2xl03lg, for inoculated and uninoculated samples, respectively (Fig.

34). The total ciostridia in inoculated samples are 3 logtq and 2 logto greater

than uninoculated samples, in dual and single bagpackagrng, respectively, on day

0. Thus there is no mistaking the contribution of the inoculum. The number of

colonies monitored with the total clostridia assay was approximately the same

for inoculated and uninoculated samples on day 3 and day 6 in both packaging

conditions. The high number of colonies in uninoculated samples makes it

impossible to determine the contribution of the inoculum in unirradiated control

patties after day 0 of storage (Figs. 33 and 34).
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There was minimal interference in the clostridial spore assay. Figures 33

and 34 show that there \Ã/ere no colonies monitored on the clostridial spore assay

for uninocuiated. samples until day 6 of storage in either packaging condition.

There \Ã/ere greater than 4 logr6 more colonies in inoculated versus uninoculated

patties at this point. On day 8 there was at least a 1 logro difference between the

inoculated and uninoculated patties. The contribution of the inoculum to the

clostridial spore assay was unmistakable, over the 8 storage days monitored.

The APC of inoculated patties packaged in either packaging condition on

day 0 was approximately 4xI06lg (Fig. 35). The APC increased to greater than

k10þ by day 3. The APC remained constant at this level between day 3 and

day 8, with the single bag packaged samples having slightly greater APC counts

than corresponding dual bag packaged samples. The 5x10?g spoilage criteria

was reached between day 1 and 2 in both packaging conditions. Thus ihe APC

for unirradiated control samples were approximately 1 Logro greater than the

APC found for irradiated samples in test #1 and #2.

The I,AB in inocuiated patties increased from less than 1x106/g on day 0

to approximateiy 1x108/g on day 3 in both packaging conditions (Fig. 35). The

I,AB remained constant at this level until day 8 of storage. This result was the

same as the result for irradiated samples in test #L (Fig. 26) and test #2 (FiS.

29).
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The Y&M in inoculated patties stored in either packaging condition

reached just under 7xl07lg by day 3 (Fig',35). (The iniiial Y&M content of

uninoculated patties on day 0 was about 2xI05lÐ. By day 8, the Y&M count

declined to less than 1x106lg and an estimated 2x1031g,, for d.ual and single bag

packaged samples, respectively. By comparison in irradiated patties, Y&M

increased from 3xl04lg on day 0 to approximately 1x108/g by day 3, stayed at this

level until day 6, followed by a drop to under l-x106/g by day 8 (Fig'. 29).

(Inoculated - Uninoculated Comparison)

The APC, LAB, and Y&M growth curves for inoculated and uninoculated

patties stored in dual and single bag packages are shown in Figs. 36-38. The

growth curves for inoculated and uninoculated patties monitored for APC (Fig.

36) and I"AB (Fig, 37) in similar packaging are almost identicai. There \¡/ere

slight differences between the inocuiated and uninoculated patties'Y&M growbh

curves (FiS. 38). The patty pH for inoculated and uninoculated patties in both

dual and single bag packaging are shown in Fig. 39 and Fig. 40. The curves for

inoculated dual and single bag packaged samples are similar to their

corresponding uninoculated samples. This shows there was no contamination

or change in microflora of the patties due to inoculation of spores. The pH for

dual bag packaged samples by day 6 of storage was about 6.7, for inoculated and

uninoculated sampies (Fig, 39). The pH for single packaged samples by this time

\ryas approximately 8.0 (FiS. 40).
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From the results for unirradiated control patties stored at 22C in dual

and single bag packagrng, it could not be determined when there was growth in

total clostridial due to interfering colonies on this assay.

The possible interfering black colony forming organism present in the

natural background microflora of this batch of meat may be a Pseudomonas spp.

Lin et aL (L977) found hydrogen sulfîde producing pseudomonads in ground beef,

as monitored on Peptone Iron Agar. The production of hydrogen sulfide by an

organism would result in a black colony on our SFP based medium. A 2.5 kGy

irradiation dose would eliminate pseudomonads from ground beef, thus

explaining the lack of interfering black colonies on the 2.5 kGy irradiated

samples. Proper isolation and identifÏcation of the interfering organism(s)

should be conducted, if further modifîcation to the medium is desired to allow

this medium to be effective in unirradiated ground beef as well as radurized

ground beef.

5.&.4"2 Storage at f.5"C

The results of the inoculation pack study with irradiated and unirradiated

control samples stored at 15"C in both packaging conditions are given in Table

21. The irradiated samples were monitored after 25 and 29 days of storage. The

unirradiated control samples were monitored after 26 days of storage.
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0rradiated 2.5 kGl¿l

The total clostridia in inoculated dual and single bag packages did not

increase from the initial ievel of approximately LxL}4lg after 25 and 29 days of

storage. On day 29 there \À/ere 2.7xI0alg and 1.2x1041g in dual and single bag

packaging, respectiveiy (Table 21).

The clostridial spores present in inoculated dual and single bag packaged

samples decreased slightly from ihe initial level of approximately LxL}4lg after

25 and, 29 d,ays of storage. The dual packaged samples had 6.9x1-03/g after day

25 and 7 .5xL03lg, after day 29 (Tabte 2l), The single bag packaged samples were

slightly lower with 2.2xL03lg after day 25 and 1.6x10319 after day 29.

The APC of ínoculated and uninoculated patties in both packaging

conditions were greater than 1x10t/g on day 25 and 29. Thus the detectable

spoilage level of 5xL07lg APC has been surpassed by these dates, with no

clostridial growbh in either packaging condition.

(Unirradiated Control)

The total clostridia assay in inoculated dual and single bag packages

contained an estimated 5x108/g and 7xL08lg, of tiny black (non-typical

sporogenes) colonies, respectively on day 26 (Table 21). The corresponding

uninoculated samples contained similar concentrations of this interfering

organism, thus the contribution of the inoculum can not be determined.

The number of black colonies monitored with the clostridial spore assay

in inoculated dual and single bag packaged sampies on day 26 \¡/ere
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The number of black colonies monitored with the clostridial spore assay

in inoculated dual and single bag packaged sampies on d,ay 26 were

approximately 6xl05lg and 8x10u/g, t.rp"ctively. There were approximately

2xL05lg of these colonies in uninoculated patties stored in either packaging

condition. The high number of colonies in the uninoculated samples make it

impossible to determine the contribution of the inoculum. There \Mere also white

(non-typical C. sporogenes) colonies detected in inoculated and uninoculated

samples with this assay. \ilhite colonies had never been observed on the

clostridial spore assay for any irradiated samples or unirradiated control samples

on day 0.

The APC on day 26 for inoculated and corresponding uninoculated

samples stored in dual and single packaging r /ere approximately the same. The

APC for dual and single bag packaged samples on day 26 was approximately

7xI08lg and 2x10e/g, respectively. Thus the 5x107/g APC spoilage criteria was

surpassed prior to this date.

The pH for dual and single bag packaged samples on day 26 was

approximately 7,1 and 8.1, respectively.

õ.8"4.3 Súonage at 4Ð

I.tone of the samples stored at 4C were inoculated. Patties stored in dual

and single bag packaging were evaluated on days 0,'1, L5, and2L of storage. The

data for day 0 samples were taken from the common day 0 uninoculated values

(Table 19).
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T'ahne 83." l¡eoculatio¡s Faek Study, Fresh Grou¡ad tseef Test #2,
fvnitial *x'¡d SÉorage aÉ X.õ"C

Day Inoc Dose Pack
(kGY)

Clostridium Sporoeenes
Toial/ml Spores/ml

APC
(ls)

pH

0
0
0
0
0
0
0
0

No
No
No
No
Yes
Yes
Yes
Yes

Dual
Single
Dual
Single
Dual
Singie
Dual
Single

5.92
5.90
5.91
5.93
5.91
5.91
5.96
5.94

0
0
2.5
2.5
0
0
2.5
2.5

Bx101E* 0
2.4x103* 0
00
00
1,2x105 3.7x10a
9.0x104 2.0x10a
l.2x\04 1,8x10a
LZxL}a LZxL}a

44YJÚ
3.Sx1d
4e1d
%x7Ê
4*-1Ú
3.7ild
2å-7Ë
l.súd

25
25
25
25

No
No
Yes
Yes

2.5
2.5
2.5
2.5

Dual
Single
Dual
Single

6.28
8.22
6.20
8.34

0
0
2.4x704
L.2xl0a

0
0
6.9x103
2.2xL03

L6x1d
3.4x1d
2ùúd
Z6xIÚ

26
26
26
26

No
No
Yes
Yes

0

0
0
0

Dual
Single
Dual
Single

5.0x1088*
8.0xl08Ex
5.0x1088*
7.2x1088*

2.2x105!
2.lx105!
6.4x105!
8.2x105!

7,4rJÚ
27xLÚ
7å-LÛ
Lgxld

7.L0
8.01
7.05
8.28

29
29
29
29

No
No
Yes
Yes

Dual
Singie
Dual
Singie

6.26
8.r4
6.04
8.34

0$*
0
2.7xL}a
1.2x104

0
0
7.5x103
1.6x103

3.8xld
44xLÚ
15x1d
25x1d

2.5
2.5
2.5
2.5

E
,F

!

$

Estimated Count
Tiny black (non-typical C. sporogenes) colonies
Estimated Count, not including White colonies also visible
No typical C. sporosenes colonies observed
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The APC of irradiated (2.5 kGy) and unirradiated control patties stored

at 4'C are shown in Fig. 41. The APC of irradiated dual and singie bag

packaged patties was approximately  xl\alg on day 0 (Fig. 4I and Table 1g).

This is about a 3 Log10 cycle reduction from the unirradiated control's APC of

approximately 4x1061g. In both packaging conditions the APC of irradiated

samples declined to approximately 5xL02lgby day 7. Between day 7 and day 15

there were approximately 4 and 5 Logl0 increases to 3x106/g and 6x10'lgfo,

dual and single bag packaged samples, respectively, Patties in both packaging

conditions had a deciining APC between day 15 and day 2L of storage. The dual

and single bag packaged sampies declined to 2xI05lg and 4x106/g, respectively.

The dual packaged patties never reached the 5x10?g'APC spoilage level. The

single bag packaged sample reached this spoilage level on approximateiy day 15

of storage.

The APC of unirradiated control patties increased from the day 0 levei of

4xL06lg by day 7 of storage (Fig. 41 and Table 19). The day 7 APC of duai bag

packaged patties was 1.2x107/g. The singie bag packaged patties had reached

L.2xL08lg by this time. Single bag packaged patties maintained an APC of

greater than 1xlOt/g ,rp to day 2L of storage. The APC of dual bag packaged

patties increased to approximately 1x108/g by day 15, followed by a decline to

4xL07lgon day 21. The APC spoilage criteria was reached on approximateiy day

L2 and day 3 for dual and single bag packaged unirradiated control patties,

respectively.



161

The l"AB of irradiated and unirradiated control, dual and singie bag

packaged patties are shown in Fig. 42. Tlne LAB of irradiated dual and single bag

packaged patties is approximately 7xL02lg on day 0 (Fig,. aÐ. This is about a 3

Logl0 cycle reduction from the unirradiated control's I"AB of approximately

7xL05lg. In both packaging conditions the LAB of irradiated samples declined

by day 7, with single bag packaged samples showing the greater decline.

Between day 7 and 2I the l,AB of storage patties in both packaging condition

increased, with approximately 2xL05lg on day 2L.

The l,AB of unirradiated control patties in both packaging conditions

increased from the day 0 level of 7xL05lg to approximately 8x106/g on day 7 (FiS.

42). Between days 7 and 21 there \Mere very slight increases in LAB for patties

in both packaging conditions.

The Y&M of irradiated and unirradiated controls, duai and single bag

packaged patties are shown in Fig.42. The day 0 Y&M content of irradiated

patties is approximately 3x104/g (Fig, 42 and Table 19), This is approximately

a 1 Log10 cycle reduction from the uninoculated control patties'Y&M of 2xL05lg.

There is a rapid. increase in Y&M of patties stored in both packaging conditions

between day 0 and day 21. By day 15 of storage the irradiated patties stored in

dual and single bag packaging equalled or exceeded the Y&M content of the

corresponding uninoculated control patties. Levels in single bag packaged

samples were always greater than in corresponding dual bag packaged samples.
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The Y&M of unirradiated control patties stored in both packaging

conditions were simiiar. The day 0 level of ZxL}slg increases rapidly to

approximately IxI}Tlgby day 7 (FiS. 43). The Y&M content was maintained at

this level until day 27. Thus Y&M content of irradiated patties is greater than

unirradiated control patties after more than 15 days storage at 4"C. Fig. 44

shows that in irradiated patties compared to APC, or LAB-disk, y&M is the

dominant microflora of patties stored in either packaging condition. This is

likely due to Y&M being more radiation resistant than organisms monitored in

the other assays. Irradiation of patties reduced Y&M by less than 1 Log10

where as APC,and I"AB-disk counts were reduced by approximately 3 Log10

cycles (Table 19). The lack of competition from other organisms in addition to

the higher percentage of yeasts and moulds present in irradiated patties, leads

to their dominance during storage at 4C.

Figure 45 shows the psychrotrophs (PSÐ and Y&M present in irradiated

patties stored in dual and single bag packagrng. There are more PSY and Y&M

present in single bag packaged patties than dual bag packaged patties. The PSY

growth curves for dual and single bag packaged patties superimposes on the

corresponding Y&M curves. This indicates that the organisms being monitored

with the selective Y&M assay are the same as those being monitored on the more

general PSY assay. Thus the psychrotrophic organisms monitored are in fact

yeast and mouid. This was confirmed by the shape and size of colonies on the

PSY assay, which \ryere typical of yeast and mould.
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The pH of irradiated and unirradiated inoculated patties stored in both

types of packaging conditions at 4oC are shown in Figure 46. The patty pH on

day 0 for irradiated and unirradiated control patties was approximately 5.9 (Fig.

46 and Table 19). The pH of the single bag packaged patties increased more

rapidly than the corresponding dual bag packaged patties. By day 15 of storage

the patty pH of dual bag packaged irradiated and unirradiated samples increased

to approximately 6.2 and 5.8, respectively, while corresponding single bag

packaged samples increased to 7.4 and 6.4. During this period of time the pH

of unirradiated controi samples increased more rapidly than corresponding

irradiated samples similarly packaged. This demonstrates the reduction in

organisms due to irradiation also yields a delay in pH increase. Between day 15

and 21 the pH of irradiated and unirradiated control patties stored in dual bag

packaging, increased and decreased slightly, respectively. Vtrhile all single bag

packaged samples had substantial pH increases, there \tras no initial decrease in

patty pH as seen at 22C storage in test #L (Fig. a6).

6"4 Shelf l,if'e Exte¡rsio¡a

The refrigerated shelf life extension studies involved fresh ground beef,

stored in dual or singie bag packaging at 4"C unless otherwise stated. There was

no inoculation of C. sporogenes spores. Samples were irradiated with the I-10/1

electron beam accelerator unless otherwise stated.
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õ"4"1 Ðose Ðependency Experim.e¡at

A dose dependency experiment was conducted to determine the effect of

varying doses of irradiation (gamma) on patties stored for 12 and 20 days at 2"C.,

Patties were irradiated in dual bag packaglng, or in air-packs where the inner

oxygen permeable bags were not nitrogen backflushed. The outer barrier bag

was removed from some of the patties and these patties were stored in the

oxygen permeable inner bag at 2C in a controlled atmosphere chamber

(atmosbag) maintained at 57o oxygen or at ambient oxygen (2IVo). The aerobic

plate count (APC), anaerobic plate count (AnPC), and psychrotrophic count

(PSÐ were evaluated on days 12 and20 of storage under the conditions listed.

The results for ihe APC on days L2 and20 of storage are shown in Fig 47.

Increased dose resulted in decreased APC on days 12 and 20. The APC was not

affected by the oxygen concentration surrounding the stored package. The air-

packaged patties had higher APC's than the nitrogen backflushed samples. At

the 0, 2, and 5 kGy dose levels there was not a substantial increase in APC

between day 12 and day 20 with the single bag packaged patties, At the 3 kGy

level there \Äras a 2 LogL} increase in APC when storage was extended to 20

days.

An irradiation dose level of 2.5 kGy was utilized in all subsequent shelf

life extension experiments. This dose appears to offer adequate extension of

shelf iife compared to unirradiated control samples in alt packaging conditions

investigated.
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ö"4"2 Míerohiology

Patties were evaluated on days 0,2, 4,6, B, 10, L3, L4,16, 19, and 24 of

storage (unirradiated control patties 'were only evaluated up to day 13). The

samples \Ä/ere evaluated for APC, LAB, Y&M, and PSY.

The average (dual and singie bag packaged) initial APC, LAB(Disk),

L,AB(Total), Y&M, and PSY assayed in unirradiated-control fresh ground beef

on day 0 was approximately LxL}7lg,5xl05lg,2xl06lg, IxL}'lg, and 7xL07lg,

respectively (TabLe 22). The average initial patty pH was about 6.0. There was

virtually no difference between the number of organisms monitored in dual bag

or síngle bag packaglng by any assay, except for the Y&M assay. There were

7.9xl0alg and 1.3x105/g Y&M present in dual and single bag packagrng,

respectively. The higher number present in the single bag package on day 0 may

be due to the fact there was approximately a l2-hour delay between dual bag

packaging and irradiation (storage time = 0), and a further 12 hour deiay stored

in a singie bag before samples ïvere analyzed. This Z4-hour total delay at 4C

would allow for this amount of increase in Y&M.

Patties subjected to a 2.4 kGy (electron beam) irradiation experienced

reductions in all groups of organisms monitored as compared to corresponding

unirradiated control samples. Irradiated samples (dual and single bag) had

average Logl0 reductions of 3.9, 3.0, 3.6, 0,9, and 3.8 in APC, I,AB(Disk),

LAB(Total), Y&M and PSY, to an average of 1x103/g,5xL02lg,5xL02lg,LxL}4lg

and 1x104/g, respectively (Table 22).
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These Log10 reductions were comparable to those found when irrad.iating

Fresh Ground Beef in Test #1 and #2 (sections 5.3.2 and 5.8.8). The reductions

in these two tests were: APC 2.7 and 3.1, I,AB(Disk) 2.8 and 8.0, and y&M 0.8

for test #2 only.

T'able 92" ltefrigerated Storage, 4"C F'resh Grou¡ad Eeef l¡sadiated a¡ad
Comtrol, Ðay t of Storage

Dose (kcy¡

Package

002.5

Dual Single Dual

2.5

Single

Lo910
Reduction
Dual/Sngl

pH

APC
I"AB (Disk)
I"AB(Total)
Y&M
PSY

5.e7 6.02 
å_g,1n

1.0x107 L.2xI07 1.2x103
4.8x105 5.2xL0s 5.0x1028
2.2xL06 2,4xI06 5.0x102E
7.}xLoa 1.3x105 9.6x103
6.9x107 7.ox1o7 1.]-xloa

5.91

I.2xL03
4.7xI028
4.7xL028
l.2xL0a
1.4x104

3.914.0
3.0/3.0
3.613.7
0.9/1.0
3.813.7

The APC of irradiated (2.38 kGy) patties and unirradiated control patties

stored in dual and single bag packaging at 4C are shown in Fig. 48. The APC

of irradiated patties in both packaging conditions on day 0 of storage \tras

approximately 1x103/g. This is approximately a 4 Logl0 reduction from the

Lxl}T lg in unirradiated control patties at this time (Fig. 48 and Table 22). The

APC of irradiated patties continues to decline in patties stored in both dual and

single bag packaging over the first 4 and 2 days of storage, respectively. The

APC at these minimum levels for patties stored in dual and single bag packages
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were an estimated2.2xl02lg and6.6xL02lg, respectively. Between day 4 and day

L4 of storage, patties showed rapid increases of approxímately 2.5 and 4.5LogL}

reaching L.2xl05lg and 4.0x1071g in dual and single bag packages, respectiveiy.

Between days 14 and 24, following the rapid growih phase there was a plateau

were the APC was maintained with only a modest increase. The duai and single

bag packaged patties reached 8.8x1051g and 9.7xL071g, respectivety by day 24.

The 5x10'lg APC spoilage criteria of Jay and Shelf (1978) was reached between

days 14 and 16 for single bag packaged sampies. The APC stayed at this

spoilage level until day 19. The dual bag packaged samples had not reached the

spoilage level by day 24 of storage. Thus the microbiological shelf life was

approximately 16 days for single bag packaged samples and >24 days for dual

bag packaged samples.

These results agree with the preliminary results found in the raw ground

beef test #2 with storage at 4C (section 5.3.4.3), where the microbioiogical

spoilage level was reached in 15 days and >21 days for irradiated dual and singie

bag packaged samples, respectively. The APC for patties in both packaging

cond.itions d.ecreased between days 15 and 21in the preliminary experiment (Fig.

41), while they increased slightly in this experiment.

The APC of unirradiated control patties stored at 4'C in dual and single

bag packagrng are shown in Fig. 48. The initial APC on day 0 of patties in

either packaging condition \ryas approximately 1,0x107/g (FiS. 48 andTable 22).
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The APC of the dual bag packaged patties did not increase over the 24 days of

storage. It remained at approxímately 1.0x107/g. Thus the microbiological

spoilage level of 5xL07lg was not reached by day 24 of storage. This result

differed from the fîndings in raw ground beef test #2 stored at 4C (section

5.3.4.3), where the spoilage level was reached by approximately day L2. In that

experiment the APC increased from approximahely 4xL06lg on day 0 to 1x108/g

by day 15 followed by a decrease to 4,xL07lg on day 21 (Fig. a1).

The APC of the single bag packaged, unirradiated control patties increased

rapidly upon storage at 4C (Fig. 48). The APC increased from L.2xL07lg on day

0 to 2.0xl08l1 on day 8. The microbiological spoilage level was reached on

approximately day 3 of storage. The APC increased to >1x10eleby day 8. A 3-

day microbiological shelf life was also found in the raw ground beef test #2

(section 5.3.4.3); however. the APC only reached a high of lx108ig by day l5

(Fig. 41).

6.4"2"'X, [,aeúic ^Acíd Method

' The I-,AB in irradiated dual and single bag packaged patties stored at 4C

were evaluated using pour plates of MRS media incubated at 35' and 20'C. The

total number of typical dot and disk shaped colonies (LAB-Total), and the

number of disk shaped colonies only (l"AB-Disk), were recorded. In previous

experiments the LAB was given as the number of disk shaped colonies only,

when incubated at 35'C. There was some concern that a high incubation
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temperature (35"C) would not allow for proper monitoring of the LAB group, so

a ZC'C incubation temperature \tras included.

The I"AB results for irradiated patties stored in dual bag packaging at 4'C

monitored using both incubation temperatures and recording the number of total

and disk only colonies are shown in Fig. 49. The Y&M assay results are also

included in this fîgure. The results for total and disk oniy colonies when plates

were incubated at 35'C \trere almost identical, except for the day l3 and day 14

samples where the total colonies \trere approximately 1.5 and 1 LoglO greater

than the disk only value for IAB. When plates are incubated at 20'C the

number of total and disk colonies observed is greater than the corresponding

number when incubated at 35"C. The trend observed for MRS-?LC, Disk only

is consistent with those shown by MRS-35"C, Disk Only and MRS-35"C, Total.

The MRS -20"C, Total results were greater than the other assays and were

comparable to the results found for Y&M. This fact, pius the observation of

"frlzzy" shaped colonies in the 20"C incubated assay leads to the conclusion that

possibly some of the dot shaped colonies that are contributing to the total count

may indeed be small fuzzy Y&M colonies.

The l,AB results for irradiated patties stored in single bag packaging at

4'C monitored using both incubation temperatures and recording the number of

total and disk only colonies are shown in Fig. 50. The results for the number of

total and disk only coionies were identical, except for between days 8 and 16 of

storage. The number of total colonies were approximately 2Logl} greater than
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the disk only values during this period. This period was also when the Y&M

assay experienced rapid growbh, possibly causing interference with this assay.

When plates were incubated at 20C the number of disk oniy colonies \ñ/ere

identical to the corresponding number of disk only colonies when incubated at

35"C between days LB to 24. Prior to day 13 the number of disk only colonies

were greater when plates were incubated at ZC'C as compared to 35'C. The

number of total colonies when plates were incubated at 2CrC \ /ere almost

identical to total colonies when incubated at 35"C except between day B to 16 of

storage, as was found with corresponding 35"C incubated plates. The number

of total colonies monitored during this period were almost identical to the

number of Y&M. The rapid growth of Y&M during this day 8 to 16 period may

be.causing interference with the total colony count in this assay and the 35"C

incubated assay. As stated above, the Y&M may be interfering with the number

of total colonies as most of the "dot" colonies contributing to the total count may

be in fact small fuzzy colonies.

The l,AB results for unirradiated duai bag packaged patties stored at 4C

are shown in Fig. 51. The number of disk only colonies on 35'C incubated plates

increases gradually from approximately 5x105/g to 2xL06lg over the 24-day

storage period. The number of total colonies from plates incubated at 35"C are

between 0.1 and 0.7 Log10 greater than the number of disk only colonies (Fig.

5f). There are approximately 1.5 Log10 more disk only colonies on 20'C

incubated plates as compared to 35'C incubated plates. A similar trend ís
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observed when comparing the totai number of colonies on plates incubated at the

two temperatures. There appears to be no interference with.any of the assays

by Y&M. This appears to be due to the fact the number of Y&M is generally less

than the number of LAB as recorded on all of the assays (FiS. 51).

The I"AB results for unirradiated single bagpackaged patties stored at 4"C

are shown in Fig. 52. The resuits in this packaging condition \ ¡ere similar to

those found in dual bag packaged patties with respect to the relationship

between the two shapes of organisms recorded using the two plate incubation

temperatures.

The MRS-Disk only results will be used to represent the I"AB group of

organisms. The use of total "typical" colonies (dot and disc) was shown to be

affected by ihe yeast and mould if present in iarger numbers than the disc only

colonies. This problem was especially prevalent in assays with a plate incubation

temperature of 20C. Although the use of a20C incubation temperature as

compared to 35'C yields > I Logl0 more disc only shaped colonies, the growth

trends demonstrated by both are similar.

6"4.2 Microbiolory (Conti¡¡ued)

The IAB results (35"C, 3-day incubated plates and recording Disc only

shaped colonies) for irradiated (2.4 kGy) patties and unirradiated control patties

stored in dual and singie bag packaging at 4oC are shown in Fig. 53. The I,AB

of irradiated patties in both packaging conditions on day 0 of storage was
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estimated to be approximately 5xl02lg. This is a 3 Logl0 reduction from the

5xI05lg in unirradiated control patties at this time (Fig. 53 and TabLe 22)" The

LAB of irradiated patties continues to decline in patties stored in both dual and

single bag packaging over the first 4 and 6 days of storage, respectively. The

LAB at these minimum levels for patties stored in dual and single bag packages

\Mere an estimated 6.0x101/g and 4.5xL011g, respectively. Between these low

points and day 16 of storage, patties showed rapid increases of approximately 2.5

and 4.0 Log10 reaching 1.6x10a/g and 6.5x1051g ín dual and single bag packages,

respectiveiy. Between days 16 and 24 growth was more gradual while dual bag

packaged patties maintained a I"AB level approximately 1.5 Log10 lower than the

corresponding single bagpackaged patty, reaching 5.0x105/g and 1.5x101g on day

24 of storage.

The LAB results for unirradiated control patties stored in dual and single

bag packaging are shown in Fig. 53. The l,AB unirradiated control patties in

both packagrng conditions on day 0 of storage \Mas on average 5.0x105/g (Table

22). The l"AB of dual bag packaged patties increased gradually to 3.0x106/g by

day 24 of storage - less than a 0.8 Log10 increase over the 24-day storage period.

The I"AB of the single bag packaged patty increased to 5.0x10ulgby day 4 and

reached and maintained 1.3x107/g by day 10 to 13 of storage. Between days 6

and l3 of storage the LAB of single bag packaged patties \trere approximately 1

Log10 greater than the dual bag packaged patties.
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The Y&M in irradiated (2.4 kGy) patties and unirradiated control patties

stored in dual and single bag packaging ai 4C are shown in Fig. 54. The Y&M

of irradiated patties in both packaging conditions on day 0 of storage was

approximately Lxl}4lg. This is approximately a 1- Log10 reduction from the

LxL}slg in unirradiated control patties at this time (Fig. 54 and, TabIe 22). The

Y&M of irradiated patties was maintained at this level in patties stored in both

dual and single bag packaging over the first 4 and 6 days of storage, respectively.

The Y&M between these points and day L4 of storage patties showed rapid

increases of approximately 2.0 and 4.0 LoglO reaching 1.6x106/g and 1.6x108ig

in duai and single bag packages, respectively. Between days 14 and 24, growth

\ryas more gradual whiie dual bag packaged patties maintained an Y&M level

approximately 1.5 Logl0 lower than the coruesponding single bag packaged

patties, reaching 8.6x106/g and 3.3x10'/g on day 24 of storage.

The Y&M results for unirradiated control patties stored in dual and single

bag packaging are shown in Fig. 54. The average Y&M for patties stored in both

packaging conditions was approximately 1x105/g on day 0 (Fie. 54 and Table22).

The variation between dual and single bag packaging can be explained by the

time delay in actually performing the microbiological evaluation (as described

above). if the single bag packaged line were extrapolated to 24 hours (the

estimated time delay in evaluation) the Y&M value would be close to the

7.9xI04lg value for dual bag packages as opposed to the 1.3x105/g value recorded

as day 0 of storage (Table 22).
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The Y&M of unirradiated dual bag packaged patties increased gradually

to B.3x10ulgby day 24 (Fig. 54). This is less than a 1 Log10 increase over 24

days. There was a substantial deviation for this trend from samples evaluated

on day B and day 10 of storage. The duplicate samples evaluated on day B and

day 10 had wide variations in Y&M evaluated between duplicates. The wide

range between duplicates was not, however, observed in the APC, LAB, and PSY

assays. If the value for the sampie reading high was neglected, the lower value

would fall on the gradual íncreasing line of Y&M for duai bag samples. The

higher values appear to fall upon the single bag packaged line. This could have

be caused by one of the duplicates dual bag packaged samples for days 8 and l-0

having a leak in the outer bag (rendering the sample similar to a single bag

sample). This theory is not consistent with the similarity in values obtained

between dupiicate samples for the other microbiological assays. Contamination

of the higher Y&M valued duplicate during plating may also be a reason for the

high Y&M counts observed.

The Y&M of unirradiated control single bag packaged patties increased

rapidly from 1,3x105/g on day 0 to 3.0x106/g on day 6 (Fig. 54 and Table 22).

This was a L.4 Log10 increase over 6 days in storage. Between day 6 and day

13 of storage there was only a further 0.35 Logl0 increase in Y&M.

The Y&M group of organisms is the only group monitored that resulted

in higher numbers of organism upon storage at 4C after irradiation as opposed

to no irradiation. If patties were stored for longer than approximately l0 days
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at 4'C in either packaging condition, there would be more Y&M present in

irradiated samples as compared to unirradiated control samples. This selection

for Y&M in 4'C stored patties in either packaging condition is a result of the

Y&M having a larger radiation D10 than the other gïoups of organisms. This

lower reduction from the initial number of organisms due to irradiation means

there are more Y&M present on day 0 than other groups of organisms in

irradiated patties. This reduction in the competitive microflora along with the

4'C storage temperature also selects for Y&M. We have shown the Y&M

remaining in irradiated patties are psychrotrophic (section 5.3.4.3) and in this

experiment, thus they can grow at refrigerated temperatures.

The PSY in irradiated (2.4 kGy) patties and unirradiated control patties

stored in dual and singie bag packaging at 4C are shown in Fig. 55. The PSY

of irradiated patties in both packaging conditions on day 0 of storage was

approximately Lx1)alg. This is approximately a 3.8 Log10 reduction from the

7xL07lg in unirradiated control patties at this time (Fig. 55 and Table22). The

PSY of irradiated patties was maintained at this level in patties stored in both

dual and single bag packaging over the fîrst 4 and 2 days of storage, respectively.

The Y&M between these points and day 14 of storage patties showed rapid

increases of approximately 2.3 and 4.0 LoglO reaching 2.2xL06lg and 1.4x108/g

in duai and single bag packages, respectively. Between days 14 and 24 growbh

was more graduai while dual bag packaged patties maintained an PSY level
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approximately 1.5 Log10 lower than the corresponding single bag packaged.

patties, reaching 2.7xI07lg and 6.3x108/g on day 24 of storage.

The PSY and Y&M growth curves for irradiated (2.4 kGy) patties stored

in dual and single bag packaging at 4C are shown in Fig. 56. The PSY growth

curves for dual and single bag packaged patties superimposes on the

corresponding Y&M curves. This indicates that the organisms being monitored

with the selective Y&M assay are the same as those being monitored on the more

general Psy assay. Thus the psychrotrophic organisms monitored are in fact

yeast and mould. This was confìrmed by ihe shape and size of colonies on the

PSY assay, which were bypical of yeast and mould. There are more PSY and

Y&M present in single bag packaged patties than dual bag packaged patties after

a 6-day lag in growth. This suggests these organisms grow better in the

presence of oxygen. This result agrees with the findings of raw ground beef

stored at 4C Test #2 (section 5.3.4.3).

The pH of irradiated and unirradiated control patties stored in both types

of packaging conditions at 4oC are shown in Fig. 57. The patty pH on day 0 for

irradiated and unirradiated controi patties \Mas approximately 6.0 and 5.9,

respectively (Fig'.57 and Table 19). The unirradiated control patties were 0.1

higher than the starting patty pH of 5.9, found in raw ground beef Test #2

(section 5.3.4.3). The pH of the single bag packaged patties (irradiated and

unirradiated control) increased to levels greater than the initial pH over the
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storage periods monitored (Fig. 57). The patty pH of dual bag packaged patties

(irradiated and unirradiated control) decreased and remained below the initial

pH over the storage period monitored.

The patty pH of dual bag packaged irradiated patties decreased gradually

from 5.9 on day 0 to 5.4 by day 24 of storage at 4C (FiS. 57). These resuits

agree with those found in section 5.3.4.3 (Fig. 46), where the pH decreased from

the day 0 initial level and remained below this ievel during the 2L-day storage

period.

The pattypH of single bagpackaged irradiated patties decreased gradually

from 5.9 on day 0 to 5.8 by day f0 (Fig.57 and Table 22). Between day 10 and

24 of storage the pH increased rapidly to a level of 6.9 by day 24. This resuit is

similar to that found in section 5.3.4.3. Patties subjected to similar treatments

increased to a pH of 6.7 by day 2L of storage after remaining at the initial pH

until day 7 (FiS. a6),

The pH of unirradiated control patties stored in dual bag packagrng

decreased rapidly from 6.0 on day 0 to 5.5 by day 2. The pH remained at this

ievel until day 6. Between day 6 and day 24 there was a gradual increase to pH

5.8 by day 24. This day 24 pH was still lower than the initial day 0 pH. These

resuits are not the same as results found in the raw ground beef Test #2 (section

5.3.4.3). Patties with a similar treatment showed increases in pH (Fig, a6) from

the ínitial day 0 level, on days 7, L5, and 2I of storage at 4"C.
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The pH of unirradiated control patties stored in single bag packagrng

decreased rapidly from 6.0 on day 0 to 5.7 by day 2 (Fig. 57). Between day 2 and

day 10 of storage ihe pH increased rapidly reaching 7.4 by day 10. This resuit

was also found in the ra\Ãi ground beef Test #2 (section 5.3.4.3) where the pH

reached 7,4by day 15 of storage (Fig.46).

5"4"3 Colour

The colour of the patties was monitored throughout the storage period.

Patty colour is an important attribute used by a consumer to determine if

hamburger is acceptabie. Patty colour was monitored subjectively by visual

observation, and objectively using a Hunter Colour Difference Meter.

6.4"8"n Visua"l Colour Monitoning

The subjective term used to describe the colour of patties at day 0 of

storage was dull red. The irradiated and unirradiated control patties stored in

dual or singie bag packaging at 4'C all were described as dull brown by day 2 of

storage (Table 23). A visually appealing patty colour was not observed after day

0 of storage. As storage time increased the amount of redness observed on

patties decreased (Table 23). This was expected as it is well known that

nitrogen packaged meats have poor red colour during refrigerated storage.

Surface slime was observed sooner on patties stored in single bag packaging than

corresponding irradiated or unirradiated control dual bag packaged patties.
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Slime was observed on irradiated and unirradiated control patties stored in

single bag packagrng on day 19 and B, respectively. Surface siime was not

observed on any irradiated or unirradiated control dual bag packaged patties

during the storage period investigated.

T'able 2S. Paúúy Conoun, Visuan Observati.on, Súorage at 4Ð

Dose

Pack

0 kGy

Dual

0 kGy

Single

2.4 kGy

Dual

2.4 kGy

Single

0
2
4
6
8
10
13
t4
l6
19
2L

Dull Red
Dull Brown
Sandy Brown*l
Sandy Brown
Light Brown
Dull Brown
Dull Brown
Dull Brown
Dull Brown
Dull Brown
Dull Brown*4

Dull Red
Dull Brown
Sandy Brown
Sandy Brown*Z
Brown (Slime)
Red (Slime)
Red (Slime)

Dull Red
Dull Brown
Sandy Brown*1
Sandy Brown
Lig'ht Brown
Sandy Brown
Sandy Brown
Sandy Brown
Dull Brown
Duil Brown
Dull Brown

Dull Red
Dull Brown
Sandy Brown
Sandy Brown
Light Brown
Sandy Brown
Sandy BrownxS
Sandy BrownxS
Sandy BrownxS
Brown (Slime)
Brown (Slime)

*1 Greyish*2 Red Tingex3 Some Dark Brown Spots*4 Some Dark Green Spots

5"4"8"2 Hu¡¡.tertrah Colour Ðif,f,erenee Meter

The Hunter L, A, and B values for all patties \¡/ere measured through the

D-955 inner bag using a Hunterlab Colour Difference Meter. Calibration with
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a black and white standard tile was performed with D-955 ftlm covering the

calibration tiles for consistency when measuring patties. The Hunter A value

which measures the degree of redness was evaluated over the storage period

(FiS. 5B). The Hunter A value for fresh full bloom ground beef was measured

at 13.9.

Unirradiated Control: The Hunter A value of unirradiated pattíes stored

in dual and single bag packagrng dropped to approximately 8,5 and 7.5,

respectively by day 2 of storage (FiS 58). This reduction of redness agrees with

the visual duil brown observations (Table 23). The Hunter A value for both the

dual and single bag packaged patties were approximately 7.5 between day 4 and

6, There were slight increases on day 19 and day 8 for dual and single bag

packaged patties, respectively. These slight increases at later stages of storage

were minimal and the visual patty colour observed would not be acceptable to

consumers.

Irradiated: The Hunter A value of 2.4 kGy irradiated patties stored in

dual and single bag packaging were both approximately 8.5 (Fig 58). This was

a substantial decrease from the 13.9 Hunter A value for fresh full bloom ground

beef and agrees with the dull brown observation (Tab\e 23). Further storage of

patties in either packaging condition generaliy resulted in decreased Hunter A
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values. The Hunter A values remained iower than 7 (FiS. 58) and this agrees

with the lack of redness visually observed on ail patties after Day 0 of storage.

The poor colour (lack of redness) of unirradiated and irradiated patties in

duai and single bag packaging at all stages of storage as indicated by visual

observations (Table 23) and low Hunter A values (Fig. 58) were of concern.

Shivas etAi. (1984) found that the addition of 0.01,0.05, and 0.L0Vo ascorbic acid

to ground beef resuited in higher visual colour scores and CIE ax readings during

refrigerated storage up to l0 days. The effect on visual colour observed and

Hunter A value after the addition of crystalline ascorbic acid to ground beef at

a level 0.0I7o was investigated.
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6"4"4 Odoc.¿¿"

T'able 24" Odoun of Fatties, Súoa'age at 4'C

0 kGy

Dual

0 kGy

Singie

2.4 kGy

Duai

2.4 lrGy

Single

Dose

Pack
Day----

0
2
4
6
I
10
1ÐItJ

L4
16
19
24

o.K.
o.K.
Slight Pungent
Slight Pungent
Slighi Pungent
Pungent
Slight Pungent
Slight Pungent
Strong Pungent
Very Pungent
Very Pungent

o.K.
o.K.
off
off
Foul
Very Foul
Very Foul

o.K.
o.K.x1
o.K.
o.K.
o.K.
o.K.
Slight Pungent
o.K.
Slight Pungent
o.K.
Pungent

o.K.
o.K.
o.K.
o.K.
o.K.
o.K.
Slight Mildew
o.K.
Mildew (Musty)
Mildew (MusÐ
Mildew (Musty¡

xl Slight Irradiation Odour

The results for the patty odour observed when the package was initially

opened at various stages of storage are shown in Table 24. In general, both

unirradiated control and 2.4 .kGy irradiated patties maintained an acceptable

odour longer when stored in dual bag packagrng as compared to single bag

packaging (Table 24). Unirradiated control patties stored in dual bag packaging

developed a siight pungent odour by day 4 of storage, and after day 16 the

pungent odour became dominant. The pungent odour in the dual bag packaged

patties was consistent with lactic acid bacteria (LAB) dominating the spoiiage

microflora as found in section 5.4.2, and resulting in reduced patty pH (Fig 57).
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The unirradiated control pattíes stored in single bag packaging developed an off

odour by day 4 of storage. This was consistent with the APC of 1x108/g by this

storage time (Fig 5).

The irradiated patties did not develop offensive consumer odours until day

24 and day 16 in dual and single bag packaging, respectively. The dual bag

packaged patties developed a pungent odour, while the single bag packaged

patties developed a mildew or musty odour. The pungent odour in the duai bag

packaged patties was consistent with LAB dominating the spoilage microflora

(Fie 53) and resulting in reduced patty pH (FiS 57). The mildew or musty odour

of the single bag packaged patties is consistent with the increased yeast and

mould numbers observed (FiS 5a).

õ.õ ^A,scorbíe .&eid Experin¡ent

The effect of incorporating an anti-oxidant (crystalline L-ascorbic acid)

into ground beef was investigated as preliminary investigations showed poor red

colour stability in irradiated and unirradiated control patties. Shivas et al.

(1984) found colour improvement in refrigerated ground beef with the addition

of ascorbic acid, and Elias (1986) stated that ascorbic acid reduced overall

radiation effects by acting as a free radical scavenger. A level of 0.I7o ascorbic

acid (4.A..) \Mas incorporated by regrinding the ground beef 5 times.

Microbiological and coiour of treated and control samples were evaluated.
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õ.5. X &flierobionogiea] "Aleaåysis

T'abåe 25. .Ascoe"hie ^A.cid Ex-penirment, F resh Grou¡ad tseef lryadiaÉed (2.4
kGy) Ðual Eag Faekaged, Ðay X.4 of, S*onage, 4oC

Reground 5 X

Ascorbic Acid

Package

Yes

0.ÙVo

Dual

Yes

0.1070

Dual

No

NA

Dual

pH 5.86 5.70 5.74

APC
I"AB-35 (Disc)
LAB-35 (Total)
Y&M
PSY

1.2x105
2.8xL0a
4.7xl}a
2.2x106
3.4x106

L.2xL05
4.8x104
5.6x104
1.8x106
4.2xL06

1.2x105
7.6x103
7.6xl0a
1.6x106
2.2x106

The control and 0,L0Vo A.A. treated2.4 kGy irradiated dual bag packaged

patties involved in the ascorbic acid experiment were microbiologically evaluated

on day 14 of storage, the results are shown in Table 25. The results for the

irradiated dual bag packaged patties not involved in the ascorbic acid

experiment, and thus not subjected to regrinding 5 times to incorporate the A.A.

are also in Table 25. The daia for the non-ascorbic acid experiment samples

were previously shown in Fig. 48-57 for day 14. Shivas et Al. (1984) found the

incorporation of up to 0.I\Vo A.A. did not affect the APC of ground beef, while

improving the colour retentíon. The similarity of the pH, APC, IAB-35 (Disc),

LAB-35 (Total), Y&M, and PSY of all three treatments is shown in Table 25.



This not only confirms that there

addition of 0.I0Vo A.A. but also due

sterile meat grinder.

2û3

was no change in the microflora due to

to the regrinding of the ground beef in a

ö"6"2 Conoun

The presence or absence of a bright red colour of patty is an attribute

which effects the perception of quality ground beef.

6"4.2.'1. Visuatr Cotrour @hservatio¡¡.

The results of the visually observed colour of irradiated and unirradiated

control dual bag packaged patties which had 0.L0Vo or no ascorbic acid (A'.4.)

added and had the outer barrier bag removed on day 0 are shown in Table 26.

All patties were dull brown at the time the outer barrier bag was removed on

day 0. Both the irradiated and unirradiated control patties with no A.A. added

remained dull brown until day 2 of storage and had progressive deterioration of

the presence of redness in the colour, after that point, while stored in only the

oxygen permeable inner bag, Slime appeared on the unirradiated control patties

by day I of storage, while the irradiated patties never developed slime. A red

surface mould did, however, appear on the irradiated patties by day 14 of

storage.

Both the irradiated and unirradiated control patties containíng0.LIVo A.A.

experienced an increase in red colour upon further storage in the oxygen
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permeable inner bag after the outer barrier bag was removed on day 0 (Tabie

26). Within I day, pattíes with either dose treatment bloomed and were a bright

red colour. The red tone persisted longer in the irradiated samples than the

unirradiated control samples. The irradiated samples remained bright red for

8 days (day l--day 8), while the unirradiated control patties remained bright red

for 2 days (day 1-day 2) following the removal of the outer barrier bag and

storage in the oxygen permeable inner bag. Brown tones dominated as the patty

colour for both treatments later in storage. Slime appeared on day 10 while

none was observed on the irradiated patties during the storage period monitored.

Table 26. \¡Ísual Coloun Observatiolr.s, Ascorbi.e .A,eid Experimelat,
Ðua.l tsag Faekaged Fa.tties, Opened on Ðay 0 of, Stonage at' 4Ð

Ascorbic ÙVo A,Ã

Dose 2.4 kGy 2.4 kGy

0.L7o AA

0 kGy

ÙVo AA

Dull Brown
Dull Brown
Dull Brown
Brown*1
Brownxl(S)
Red(S)

0 kGy

0.L%oAA

Dull Brown
Bright Red
Bright Red
Dull Brown
Brown*1
Red(S)
(s)

0
1

2
6

Duil Brown
Dull Brown
Dull Brown

Dull Brown
Bright Red
Bright Red

8
10
L2
L4
16
18

Sandy Brown Bright Red
Sandy Brown Bright Red
Sandy Brown
Sandy Brown

Red
Sandy Brown (S)

Sandy Brownx2 Sandy Brownx2
Sandy Brown*2 Sandy Brown*2
Sandy Brown(S) Sandy Brown(S)

*1 Red TingexZ Red Surface Mould
(S) Slime
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The results of the visualiy observed colour of irradiated and unirradiated

control dual bag packaged patties which lnad 0.L07o or no ascorbic acid (4.4.)

added and had the outer barrier bag removed on day 6 are shown in Table 27"

Both the irradiated and unirradiated patties containing ÙVo A.A, were

predominantly brown when the outer barrier bag was removed on day 6. The

brown colour remained dominant for both upon further storage in only the inner

oxygen permeable inner bag. Slime appeared on the patties' surface on day 18

and day 14 for irradiated and unirradiated control samples, respectiveiy.

Both the irradiated and unirradiated control patties containing0.LÙTo 4..4.

experienced an increase or bloom in red colour from a dull brown colour upon

further storage in the oxygen permeabie inner bag after the outer barrier bag

was removed on day 6 (Table 27). Boih the irradiated and unirradiated control

patties bloomed within 24 hours and remained bright red for 4days (day l-day

l-0) following the removal of the outer barrier bag. As with the patties with no

ascorbic acid added, the 0.L0Vo A.A. patties developed slime on their surface by

day 18 and day L4 of storage for irradiated and unirradiated control patties,

respectively.
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Tah.le 2T \Iis¿¿aå Conour Ohserva'Èioaas, "Aseorbie ^Aeid Experi.ment,
Ðuan tsag Faekaged Faúti.es, tpened on Ðay 6 of Stonage at 4Ð

Dose 2.4 kGy 2.4 lrGy

0.17o AA

0 kGy

07o AA

0 kGy

0.l7oAAAscorbic 07o AA

8
10
L2
T4
16
l8

6
7

Sandy Brown Dull Brown Brown*l
Dull Brown Bright Red Duli Brown
Sandy Brown*l Bright Red Sandy Brown
Sandy Brown*l Bright Red Sandy Brown
Sandy Brown Sandy Brown*l Sandy Brown
Sandy Brown Sandy Brown Sandy Brown(S)
Sandy Brown*2 Sandy Brownx2 Brown(S)
Dull Brown(S) Dull Brown(S) Brown(S)

Dull Brown
Bright Red
Bright Red
Bright Red
Sandy Brown
SandyBrown(S)
Brown(S)
Brown(S)

*1
*2
(s)

Red Tinge
Red Surface Mould
Slime

The results of the visually observed colour of irradiated and unirradiated

control dual bag packaged patties which had 0.L\Vo or no ascorbic acid (4.4.)

added and had the outer barrier bag removed on day 12 are shown in Table 28.

The patty colour was sandy brown and duli grey for irradiated and unirradiated

patties containin g 07o A.A., respectively, when the outer barrier bag was removed

on day 12. Poor colour remained dominant for both upon further storage in only

the inner oxygen permeable inner bag. Slime appeared on the patties' surface

on day 18 for both irradiated and unirradiated control patties.

Both the irradiated and unirradiated control patties containing0.LïVo Ã.4.

experienced an increase or bloom in red coiour from a sandy brown with siight

red tinge colour upon further storage in the oxygen permeable inner bag after
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the outer barrier bag was removed on day 6 (Table 28). Both the irradiated and

unirradiated controi patties bloomed within 24 hours and remained bright red

fot 2 days (day 13-day 14) following the removal of the outer barrier bag. As

with the patties with no ascorbic acid added, the 0.LÙVo A.A. patties developed

slime on their surface by day 18 of storage for both irradiated and unirradiated

control patties.

T'ahle 28. Vísual Colour Obse¡n¡ations, .Aseorhie.4cid Experimenú,
llual tsag Fackaged Fatties, Opened on Ðay L2 of Storage at 4Ð

Dose 2.4 kGy

Ascorbic 07o AA

L2
13
L4
1-6

2.4 kGy

0.I7o AA

0 kGy

07o AA

0 kGy

0.L%IAA

Sandy Brown Sandy Brown*l Dull Greyxl Sandy Brownsl
Sandy Brown*l- Bright Red Dull Brown Bright Red
Sandy Brown Bright Red Sandy Brown Bright Red
Sandy Brown*2 Sandy Brownx2 Sandy Brown Sandy Brown

18 (Slime) (Slime) (Slime) (Slime)

*1 Red Tinge
>FZ Red Surface Mould

The visually observed patty colours were dull brown and sandy brown at

the time the outer barrier bag was removed on day 14 for irradiated dual bag

packaged patties which contained 0.L0Vo or no ascorbic acid (4.4.), respectively

(Table 29). Further colour observations were not conducted after this point as

the samples were used for microbiological evaluations.
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T'ahåe 29. Visua1 Conour Observaúioms, Aseorhi.c .&eid EN'perim.eeat,
Dual tsag Fackaged traôtíes, tpened o¡a Ðay X4 of Sôorage at, 4Ð

Dose 2.4 kGy

Ascorbic 07o AA

2.4 kGy 0 kGy

0.L7o AA jVo AA

0 kGy

0.l7oAA

L4 Sandy Brown Dull Brown NA
(Samples Analyzed for Micro. After Day 14)

NA

NA Not Available

The visually observed patty coiour was sandy brown at the time the outer

barrier bag was removed on day 16 for irradiated dual bag packaged patties

which contained 0.l\Vo or no ascorbic acid (4..A..), respectively (Table 30). Both

patties became dull brown with a red surface mould 2 days after (day 18).

T'ahle S0" Visr¡a} Colotlr Obsee'vations, ^A.scorbi.c ^&eid ENperirnent,
Ðuat tsag Factrraged Fatties, Opened on Ðay 1.6 of Storage PÉ 4'C

Dose 2.4 kGy 2.4 kGy 0 kGy

Ascorbic ÙVo AA O.LVa AA 07o AA

l-6 Sandy Brown Sandy Brown NA
18 Dull Brownx2 Duli Brown*2 NA

0 kGy

0.l7oAA

NA
NA

NA Not Available
+2 Red Surface Mould

The results of the visually observed colour of irradiated and unirradiated

control single bag packaged patties which had 0.L0Vo or no ascorbic acid (4.A..)

added are shown in Table 31. All patties were dull brown on day 0. The
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irradiated patties with no A,A. added remained duil brown until day 2 of storage

and became sandy brown in their colour upon further storage in the oxygen

permeable inner bag. Slime did not appear on the írradiated patties" A red

surface mould did, however, appear on the irradiated patties by day L4 of

storage. The unirradiated control patties with no A.A. added remained sandy

brown until day 8 when sÌime appeared on the patties' surface.

Both the irradiated and unirradiated control patties containing0.lÙVo A.A.

experienced a bloom or increase in red colour upon further storage in the oxygen

permeable inner bag after the outer barrier bag was removed after irradiation

on day 0 (Table 3l). Within day 1 patties with either dose treatment bloomed

and were a bright red colour. The red tone persisted longer in the irradiated

samples than the unirradiated control samples. The irradiated samples remained

bright red for 6 days (day l-day 6), while the unirradiated control patties

remained brighi red for 1 day (day 1), A red colour immediately followed for

both irradiated and unirradiated control patties, while brown tones dominated

as the patty colour for both treatments later in storage. Slime appeared on day

10 for unirradiated patties while none was observed on the irradiated patties

during the storage períod monitored. The results are similar to the dual bag

packaged patties which had the outer barrier bag removed on day 0 (Table 26).
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T'able $1. Visuaå Color¿r @hservations, .4seorhi.c .&eid Experimenú,
$fuag1e tsag Faekaged Fatúies, Opened om Ðay f.6 of Storage
at 4C

Dose

Ascorbic

2.4 kGy

ïVo AA

2.4 kGy

0.I7o AA

0 kGy

ÙVa AA

0 kGy

0.I7oAA

Day

0
1

2
6
B

10
L2
L4
16
18

Dull Brown
Dull Brown
Dull Brown
Sandy Brown
Sandy Brown
Sandy Brown
Sandy Brown
Sandy Brown*2
Sandy Brown*2
Dull Brownx2

Dull Brown
Bright Red
Bright Red
Bright Red
Red
Red
Sandy Brownxl
Sandy Brownx2
Sandy Brownx2
Duil Brownx2

Dull Brown
Dull Brown
Duil Brown
Dull Brown
Dull Brown(S)
Red(Slime)
(Slime)

DuiI Brown
Bright Red
Red
Dull Brown*l
Dull Brown*l
Red(Slime)
(Slime)

*1 Red Tinge*2 Red Surface Mould
(S) Slime

6"ã.2,2 E{u¡aterlah Col.our Ðifference Meten

The Hunterlab A value was monitored as it represents the degree of redness

a sample possesses. The Hunteriab A values for dual bag packaged 2.4 kGy

irradiated patties containin g XäaAscorbic acid (4.4.) and 0,L07o4.4. are shown in

fîgures 59 and 60. The outer barrier bags were removed on days 0,6, L2,14, and

16 of storage, exposing the oxygen permeable inner bag for the remainder of the

storage period. The Hunterlab A value of the 2.4kGy irradiated (Ùqo A.A.) patties

with the outer barrier bag removed on day 0 was 7.1. The Hunterlab A value

increased slightiy to I by days 1 and 2 foliowed by a steady decline to a low of

about 4,4 on day L2. Further storage resuited in Hunterlab A increasing to 8 by
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day 18. This agrees with the visually observed colour of dull brown on day 0

changing to sandy brown, foilowed by the appearance of red surface mould on day

14 (Table 26). The samples which had the outer barrier bag removed on day 6 had

a Hunterlab A value of 7.5 at this time. The Hunterlab A increased to 8.7 on day

7 followed by a general decline to a low of 5.3 on day 16, with a final increase to

7.3 on day 18. These Hunterlab A values agree with the visually observed patty

colour (TabLe 27). The increase in Hunteriab A between days 16 and 18 was due

to the appearance of slime on the patty surface. The patties which had the outer

barrier bag removed on day LZ had a Hunterlab A vaiue of 6.8 at this time. There

was an increase to 8.5 and 8.2 on day 13 and 14, respectively, followed by lower

values on days 16 and 18. These Hunterlab A values agïee with the visually

observed results (Tabte 28). The Hunterlab A value was 6.3 for patties just after

the outer barrier bag had been removed on day L4. This Hunterlab A value agrees

with the sandy brown colour observed (Tabte 29). The patties which had the outer

barrier bag removed on day 1-6 had a Hunterlab a value of 6.3 which increased to

7.1 by day 18. The increase was due to the appearance of red surface mould on the

patties (Table 30). In general,2.4 kGy irradiated dual bag packaged patties with

no ascorbic acid added had poor (brown based) colour as indicated by low

Hunterlab A values at the time the outer bag was removed (FiS 59). Siight

increases in Hunterlab A values for the first day after removal of the outer barrier

bag were followed by gradual declines in before Hunterlab A vaiues would increase

due to the appearance of slime or red surface mould.
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The Hunteriab A value of the 2.4 kGy irradiated (0.lÙVo A.A.) patties with

the outer barrier bag removed on day 0 \ ¡as approximately 7.8 (Fig 60). The

Hunterlab A value increased to greater than 14 by day 1 and remained at this levei

until day 6 of storage. A steady decline followed to a low of about 5.8 on day L4.

Further storage resulted in Hunterlab A increasing to 8 by day 18. This agrees

with the visually observed colour of dull brown on day 0 improving to bright red

between day 1 and B with a red patty colour on day 10 (Table 26). The patty colour

deteriorated further to a sandy brown colour by day 12, with the appearance of red

surface mould on day 14 (Table 26). The samples which had the outer barrier bag

removed on day 6 had a Hunterlab A value of 8.4 at this time. The Hunterlab A

increased to greater than 14 by day 8 and remained at this level until day 10 of

storage. A rapid decline foilowed to a low of 5.7 by day 14. Further storage

resulted in an increase in Hunterlab A increasing to 8 by day 18. These Hunterlab

A values agree with the visually observed patty colour (Table 27). The patties

which had the outer barrier bag removed on day 12 had a Hunterlab A value of 8.4

at this time. There was an increase to 14.5 and 15.3 on day 13 and 14, respectively,

followed by a rapid deciine to 7 on days 16 and 18. These Hunterlab A values agree

with the visually observed results (Tabie 28). The Hunteriab A value was 8,1 for

patties just after the outer barrier bag had been removed on day L4. This

Hunterlab A vaiue agrees with the dull brown colour observed (Table 29). The

patties which had the outer barrier bag removed on day 16 had a Hunterlab A

value of 8.6 which increased to L0.2 by day 18. The increase was due to the
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appeal'ance of red surface mould on the patties (Table 30). In general 2.4 kGy

irradiated dual bag packaged patties with 0.10Vo ascorbic acid added had poor

(brown based) colour as indicated by low Hunterlab A values at the time the outer

bag was removed (Fig 60). Dramatic increases in Hunterlab A values indicate that

bloom of a bright red colour occurred by the first day after removal of the outer

barrier bag. The size of the plateau or period of bright red colour deereased the

later the outer barrier bag was removed. The rate of colour decline followingbloom

is proportional to the date the outer bag is removed. That is, the rate at which

Hunteriab A declines, or the decrease of redness following the bloom in colour,

became more rapid the later in the storage period the outer bag was removed.

The Hunterlab A values for unirradiated control dual bag packaged patties

containing0To Ascorbic acid (4.4.) and 0.L07o A.A. are shown in Figs. 6L and62.

The outer barrier bags were removed on days 0, 6, and L2 of storage exposing the

oxygen permeable inner bag for the remainder of the storage period. The

Hunterlab A value of the unirradiated control (07o A.A.) patties with the outer

barrier bag removed on day 0 was 6.8 (Fig 61). The Hunterlab A value increased

gradually to 9.1by day 12. Monitoring of these patties ended at this time as they

were spoiled. These Hunter A values agree with the dull brown patty colour

visually observed (Table 26). The samples which had the outer barrier bag removed

on day 6 had a Hunterlab A value of 8.5 at this time. The Hunterlab A increased

to 10.1 on day 7 followed by a deciine to a low of 4.8 on day 12, with a final

increase to 9.0 on day 18. These Hunterlab A values agree with the visually
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observed patty colour (Table 27). The increase in Hunterlab A between days 12

and lB was due to the appearance of slime on the patty surface. The patties which

had the outer barrier bag removed on day L2 had a Hunterlab A value of 8.3 at this

time. There was an decrease to 5.6 by day 14, and remained at this level until day

18. These Hunterlab A values agree with the poor colour visually observed (Table

2B), The unirradiated control dual bag packaged (ïVo A,A,) patties had low

Hunterlab A values (poor red colour) at the time the outer barrier bag was removed

and upon further storage in the oxygen permeable inner bag (Fig 61).

The Hunterlab A value of the unirradiated control (0.I0Vo A.A.) patties with

the outer barrier bag removed on day 0 was approximately 8.2 (Fig. 62). The

Hunterlab A value increased to l-3.7 by day l- followed by a steady decline to a low

of 7.6 on day 6. Further storage resulted in Hunterlab A value increasing to 9.0 by

day L2, at which time monitoring these patties was terminated. This agrees with

the visually observed colour of duil brown on day 0 improving to bright red on days

L and 2. The patty colour deteriorated to dull brown on day 6, with surface slime

appearing on day 10 (Table 26). The samples which had the outer barrier bag

removed on day 6 had a Hunterlab A value of 7.3 at this time. The Hunterlab A

increased to 14.0 by day 7 and steadily declined to a low of 5.7 on day 12. Further

storage resulted in an increase in Hunterlab A to 8.2 by day 18. These Hunterlab

A values agree with the visually observed patty colour (Table 27). The patties

which had the outer barrier bag removed on day 12 had a Hunterlab A value of 8.6

at this time, There \ilas an increase to 14.2 on day 13, followed by a rapid decline
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to 6'5 on day 18. These Hunterlab A values agree with the visually observed

results (Table 28).

The unirradiated control dual bag packaged patties with 0.L07o ascorbic acid

added had. poor (brown based) colour as indicated by low Hunterlab A values at the

time the outer bag was removed (Fig. 62). Dramatic increases in Huntertab A value

indicate colour bloom of a bright red colour occurred by the first day after removal

of the outer barrier bag. There was no plateau or extended period of bright red

colour after the outer barrier bag was removed, as found with the corresponding

irradiated samples. There was only a steady decline in Hunterlab A value (red

colour) after the initial bloom when the outer barrier bag was removed. This

decreased stability of bloomed colour in unirradiated control samples compared to

irradiated samples is consistent with increased microorganism load causing

increased pigment oxidation. Lin et ai. (Lg77) and Bala et al. (Lg77) found

pseudomonads had a detrimental effect on colour in ground beef and beef steak,

respectively.

(Single Bas Packaged)

The Hunterlab A value results for single bag packaged patties (2.4 kGy

irradiated and unirradiated control, ÙVa and 0.I\Vo A.A.) is shown in Fig. 63. The

2.4 kGy irradiated ÙVo A.A. singie bag packaged patties as expected had similar

Hunterlab A vaiue results as those found for the corresponding dual bag packaged

patties which had the outer barrier bag removed on day 0 (Fis. 59). The 2.4 kGy
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irradiated }Vo A.A. single bag packaged patties had a Hunteriab A value of 8.4 on

day 0. There was a graduai decline after day 2 to a low of 4.8 on day L2. Further

storage resulted in an increase in Hunterlab A value to 7.0 on day 18" This agrees

with the dull brown colour visually observed between day 0 and 2 followed by a

sandy brown colour until day 12 (Table 31). The appearance of red surface mould

on day 14 explains the increasing Hunterlab A at later stages of storage. The 2.4

kGy irradiated 0.107o A.A. single bag packaged patties, as expected, had Hunterlab

A value results similar to those of found for the corresponding dual bag packaged

patties which had the outer barrier bag removed on day 0 (Fig 60).

Tlne 2.4 kGy irradiated 0.L0Vo A.A. single bag packaged patties, as expected,

had similar Hunterlab A value results as those found for the corresponding dual

bag packaged patties which had the outer barrier bag removed on day 0 (Fig. 60).

The Hunterlab A value results of the 2.4 kGy irradiated (0.L0Vo A.A.) single bag

packaged patties was 10.1 on day 0 (Fig'. 63). The Hunterlab A value increased to

greater than l3 by day 1 and remained at a level of approximately 14 until day 6

of storage. A steady decline followed to a low of about 5.5 on day 14. Further

storage resulted in Hunterlab A increasing to 7.8 by day 18. This agrees with the

visually observed colour of dull brown on day 0 improving to bright red between

days I and 6 with a red patty colour on days 8 and l0 (Table 31). The patty colour

deteriorated further to a sandy brown colour by day 12, with the appearance of red

surface mould on day 14 (Table 31).
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Fig,ure 62.
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The unirradiated control (ïVo A.A.) single bag packaged patties, as

anticipated, had similar Hunterlab A value results as those found for the

corresponding dual bag packaged patties which had the outer barrier bag removed

on day 0 (FiS. 61). The Hunterlab A vaiue of the unirradiated control (07o A.A.)

single bag packaged patties was 8.4 (FiS. 63). The Hunterlab A value increased

gradually to 8.7 by day 12. Monitoring these patties ended at this time as they

were spoiled. These Hunter A values agree with the dull brown patty colour

visually observed (Table 31).

The unirradiated control (0.L0Vo A.A.) single bag packaged patties, as

expected, had similar Hunterlab A value results as those found for the

corresponding dual bag packaged patties which had the outer barrier bag removed

on day 0 (Fig. 62). The Hunterlab A value of the unirradiated control (0.L0Vo A.A.)

single bag packaged patties rwas 13.8 on day 0 (Fig. 63). The Hunterlab A value

steadily declined to a low of 7.8 on day 6. Further storage resulted in Hunterlab

A increasing to 9.4by day L2, when monitoring of these patties was terminated.

This agrees with the visually observed colour of dutl brown on day 0 improving to

bright red and red on day 1 and 2, respectively. The patty colour deteriorated to

dull brown on day 6, with surface slime appearing on day l-0 (Table 31).

(Summarvl

The 2.4 kGy irradiated single bag packaged patties with 07o A.A. had low

Hunterlab A values and poor red patty colour over the 18-day monitored storage
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period. The addition of 0.L07o A.A. resuited in high Hunterlab A values (red colour)

for l0 days of storage. The unirradiated control single bag packaged patties with

ïVo had poor colour (low Hunterlab A values) during the entire storage period,

while the addition of 0.L07o 4.4., extended the acceptable colour until only day 2

of storage. This decrease in colour stabiiity in unirradiated samples is consistent

with increased pigment oxidation caused by the higher bacterial microflora (Bala

et a1., L977; Lin et aL., L977).

Both 2.4kGy irradiated and unirradiated control patties with0.I7o A.A. had

similar acceptable colour shelf life. The colour was acceptable until days 10 and L4

of storage, subsequent to the outer barrier bag being removed on days 6 and 12 of

storage, respectively. Slightly higher Hunterlab A values and redder patty colour

\¡/ere observed with the irradiated samples as compared to the unirradiated

controls. Both 2.4k?y irradiated and unirradiated dual bag packaged patties with

YVo A.A,.had low Hunterlab A values and poor observed patty colour for the entire

storage period, even after the outer barrier bag was removed on day 6 or 12 of

storage.
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The objective was to investigate the shelf life extension of refrigerated

fresh ground beef patties by radurization. To achieve this, patties \Mere

irradiated in an anaerobic packaged state to limit the formation of radiolytic

products which lead to lipid peroxidation. There was concern of possibie

C. botulinum growth and toxin production if the package remained anaerobic

and temperature abuse occurred. Oxygen was reintroduced into the packages

after irradiation in an attempt to inhibit this growih. The reintroduction of

oxygen \ryas facilitated by packaging the patties in a dual bag packagrng

arrangement. The inner bag was gas permeable with an outer gas barrier bag.

Non-pathogenic C. sporogenes was used as an indicator organism for

C. botulinum in all inoculation pack studies for safety reasons. Prior to

determining the refrigerated shelf iife extension, safety concerns regarding

temperature abuse were addressed.

6.X. SafeÉy

6.X..1 n¡eoculation Faak Studíes (Sterilized Ground Eeef)

The inoculation pack studies were conducted using radiation sterilízed

ground beef patties, which contained no competitive microflora. Duai bag
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packaged patties \Mere stored at 2,10o, 15o, and 20'C. No growih of inoculated

C. sporogenes was observed at 15"C or lower for storage up to 4 weeks. At 20'C

storage the total (vegetative cells and spores) C.sporoq'enes increased between

days 3 and 6 of storage. There was a delay before the number of C. sporogenes

spores increased. They did not increase until between days 6 and 8. This

experiment was repeated using patties stored in single bag packages as well as

dual bag packages. This would allow the effect of the reintroduction of air

through the gas permeable inner bag on clostridial growth to be determined.

Again there was no growbh of inoculated C. sporogenes at a storage temperature

of 15"C or less over a 4-week storage period. Total C. sporogenes in inoculated

patties stored at22C in either packaging condition increased again between days

3 and 6 of storage. This indicated that the reintroduction of oxygen into the

package did not inhibit the growth of C.sporogenes. This was contrary to what

was expected, as Sarathchandra et aL (L974, L977), found oxygen inhibited

germination and growih of C. sporogenes in media. The lack of growbh at

storage temperatures less than or equal to 15'C was consistent with findings of

other researchers. Baker et al. (1986) found inoculated C. sporogenes numbers

decreased in media and ground chicken when stored for 6 days in aír or 80Vo

carbon dioxide (balance air) at 2o,7o, and 13'C. Siliiker and Wolfe (f980) found

no growth of inoculated C. sporogenes in MAP (various C.2, CO2, and N,

compositions) packaged ground beef stored at 10"C for up to 10 days. Molins et

at. (1986) and DeFreitas et at. (1988b) boih found no growth of inoculated
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C. sporogenes after 7 days ofvacuum packaged storage at 5'C ofbratwurst and

liver sausage respectively. Whiting et aI. (1984) also found no growbh of

inoculated C.sporogenes in vacuum packaged frankfurters up to 11 days of

storage at 5", 11', and 16"C. The inhibitory effect of additives in the frankfurters

was suspected since in a later investigation, Whiting et al. (1985) did find slight

growth at 11'C (14 days) and moderate growbh at 16'C (B days) storage in

inoculated vacuum packaged cooked corned beef.

6"X."2 [¡aoeuX.atio¡¡ Faek Studies (Radurized Grou¡ad tseef)

In two inoculation pack studies conducted with radurized ground beef

patties, the natural microflora of radurized ground beef would be present as

competition for the inoculum. Again no C. sporogenes growbh was found in

patties stored at 15"C or lower for up to 4 weeks in dual or single bag packagtng.

At 22C storage however, growbh of inocuiated C. sporogenes was observed in

both dual and single bag packaging conditions.

In Test #L at 22C storage, the increase in total C. sporogenes occurred

between days I and 12 and between days 6 and 8, for dual and singie bag

packaging, respectiveiy. Detectable microbiological spoilage (APC >5x107/g) was

reached prior to day 3 of storage for both dual and single bag packagtng. This

meant there was a "safety period" of detectable spoilage prior to C. sporogenes

growth (indicator of botulinum risk). This safety period was at least 5 and 3

days, respectively for dual and single bag packaged radurized patties.
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In Test #2 the increase in total C. sporogenes occurred between days 3

and 6 of storage at 22'C in both dual and single bag packagrng. Again,

detectable microbiological spoiiage occurred prior to day 3 of storage in both

packaging conditions. The safety period, in this case, was between 1 and 4 days

for radurized patties for either packaging condition. The growth of clostridia at

an eariier stage of storage in Test #2 may be due to higher patty pH in this test

as opposed to Test #1. Enfors and Molins (1978) and Madril and Sofos (1986),

found reducing pH reduced the germinatíon and growth of C. sporosenes in

media and food, respectively.

The lack of reintroduction of oxygen (dual bag) does not reduce the safety

of radurized ground beef patties compared to reintroduction of oxygen (single

bug). In fact, results from Test #1 suggest dual bag packaged patties had a

larger safety period of detectable spoilage prior to clostridial growth. This may

be due to the ability of lactic acid bacteria (l"AB) to dominate in radurized meat

stored in these low oxygen conditions. The more radiation-resistant LAB can

survive the radur ízationdose and thrive in the low oxygen packaging. The Ph

reduction of the patties by LAB, and perhaþs production of inhibitory compounds

by these organisms, may be the reason why clostridia growth was delayed in

both types of packaging in radurized patties compared to sterilized patties with

no competitíve microflora. This pH reduction was cited by Al-Mashat (L972) as

the mechanism utilized by an added Pediococcus culture to delay toxin

production by C. botulinum type A spores in pasteurized ground beef.
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The storage time required at room temperature abuse before C.sporogenes

growth was found to be in the same vicinity as that observed by other

researchers studying various food products (DeFreitas et al., 1988; Molins et al.,

1986; Silliker and Wolfe, 1980; Sofos, 1986; Vareltzis et al., 1984).

There was a time delay of several days between the increase in totai

(vegetative cells and spores) C. sporogenes and increase in C. sporogenes spores

in all inoculation pack experiments stored at abuse temperatures (sterilized and

radurized). This delay demonstrates the need to monitor the totai clostridia, not

just the spores, to obtain the most pertinent information regarding safety of the

product. There was a difference noted between results in this thesis and those

of DeFreitas et at. (1988a,b) and Molins et al. (1986) with regard to the number

of spores present when the vegetative clostridia increase. These researchers

found the number of spores decreased as vegetative cells concuÍrently increased.

This was consistent with all the inoculated spores germinating, followed by

outgrowth and multiplication of the germinated C. sporogenes. Molins et aI.

(1987) found the number of inoculated ciostridial spores decreased to 0 without

any concurrent increase in vegetative clostridia, suggesting germination of spores

but no outgrowth. In all of the experiments for this thesis, the number of spores

remained essentially unchanged as the number of total clostridia increased,

followed by an increase in the number of spores after the above mentioned time

delay. These results \trere consistent with a few inoculated C. sporogenes spores

germinating, and outgrowing, followed by the multiplication of these vegetative
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cells, After environmental conditions became unfavourable, these vegetative cells

sporulated, resulting in the delayed increase in number of spores.

The safety of dual and single bag packaged radurized (2.5 kGy) ground

beef patties with respect to C. botuiinum has been demonstrated (using

C, sporosenes as an indicator organism for C. botulinum). The safety of

radurized ground beef with respect to vegetative pathogens (Salmonella,

Campylobacter, Staphylococcus, etc.) has been reviewed (Farkas, 1989; Maxcy

1983).

6.2 Shelf l,ife Exte¡esi.o¡a

The shelf life of dual and single bag packaged ground beef patties stored

at 4C was investigated. The microbiological quality, colour, and odour of patties

were monitored. The shelf life, microbiological aspects, and odour (including

descriptive of spoilage odour) are shown in Table 32. The mierobiological shelf

life (APC <5x10?/g) in dual bag packaged patties was greater than the

corresponding irradiated or unirradiated control, single bag packaged patties.

Irradiation extended the microbiological shelf life of single bag package patties

to 16 days from <3, and irradiated dual bag packaged patties possessed a lower

APC on day 24, compared to unirradiated dual bag packaged patties. Both the

dual and single bag packaged radurized patties offer the added safety advantage

due to the elimination of vegetative pathogens. The effective shelf life of the

dual bag packaged patties, however, was limíted to 14 and 19 days, respectively,
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by the days of acceptable odour. The patty pH for both irradiated and control

dual bag packaged patties remained beiow the initial value of 5.9 during the

storage period monitored. The patfy pH for the single bag packaged patties

increased to greater than the initial value by day 10 and 2 for irradiated and

control samples, respectively. The odours noted and patty pH were consistent

with those expected, due to the dominant spoilage microflora in each case.

Lactic acid bacteria were expected to dominate irradiated and controi duai bag

packaged patties, while yeast and pseudomonads were expected to dominate the

irradiated and control single bag packaged patties.

The microbiological shelf life extension obtained is consistent with that

found by other researchers. Niemand et al. (1983) found shelf life extension to

slightly more than 1l days from 2 days and to >21 days from 7 days for ground

beef irradiated at 2.5 kGy and stored at 4"C in aerobic and vacuum packaged

conditions, respectively. For 3 kGy treatments, Okafor (1973) found shelf life

extension from approximately 2 days to 15 days in vacuum packaged ground

beef, while Niemand et al. (f980) found extensions to >28 days in vacuum

packaged ground beef stored at 4'C. Due to the variability in microflora

composition and contamination levels in ground beef, the effect of a given

irradiation dose on a population and effect on subsequent shelf life can not be

absolutely predicted.
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T'ahle 32" SlaeÏf, l,if,e of Grou¡ed tseef FaúÉi.es, S'úored at 4"C

Dose

(kGY)
Type of
Package

Shelf Life (Davs)

Microbiological Odour
Odour
Descriptive

0
0
2.4
2.4

Dual
Single
Dual
Singie

>24.+
<3
>24**
16

Pungent
Rotten
Pungent
Musty

T4
pÐ

r)

19
16

* Day 24: APC, 1xl07lg
"K* Day 24 APC, 9xl05lg

The "colour shelf life" or days of acceptable colour for patties of various

treatments are shown in Table 33. Poor, dull brown colour was observed in all

patties with no ascorbic acid added. The single bag packaged patties had their

acceptable colour shelf life extended to 10 and 2 days, in irradiated and

unirradiated control sampies, respectively. Both the irradiated and control dual

bag packaged patties had days of acceptable colour extended to 10 and 14 days,

for storage in dual bag packaging with removal of the outer barrier bag on days

6 and 12, respectively.

Richards and Morrison (1971) studied the effect storage time at 4'C on

irradiated dual bag packaged (inner film permeable, outer fîlm gas barrier)

ground beef. At 5 kGy they found that the dual bag packaged patties remained

redder (higher Hunter A value) than the single bag packaged patties. They aiso

found that removal of the outer barrier bag on day 8 allowed for the re-
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oxygenation (bloom) of ground beef colour. These findings were similar with the

resuits found in this thesis research.

Shivas et al. (1984) found the addition of 0,057o and 0.L07o crystalline

ascorbic acid improved sensory scores for red colour and CIE a* values compared

to control samples. The ground beef was packaged in gas permeable film and

stored over a period of 10 days at 3"C. This positive effect of ascorbic acid on

colour stability was also shown in the results for irradiated and unirradiated

control patties stored in dual and single bag packa$ng.

T'ahle 33. Col.our Súahility, Ef,fect of .Ascorbie .åcid (.e*e.) on Fatty
Colour Retenúion

Dose Type of Shelf Life: Dal¡s of Acceptable Colour
(kGy) Package 0 Vo A.A. 0.10 Vo A.A.

0 Duai
0 Single
2.4 Dual
2.4 Singie

<1
<1
<l
<l

10x 14**
2
10* L4**
10

* Outer barrier bag removed on day 6
** Outer barrier bag removed on day L2

6.3 Method Ðeveloprc.ent to Monitor C. sporogerles i.¡a Ground. Beef,

The growth of the vegetative cells is associated with the prod.uction of

toxin by C. botulinum (Duda and Slack, 1969; Siegel and Metzger, 1979). To

effectively monitor the safety using C. sporogenes inoculation pack studies,
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vegetative clostridia must be monitored. The high background natural

microflora in fresh and radurized ground beef over storage interfered with the

enumeration of the rhizoid shaped C. sporogenes coionies on the non heat-

treated Pflug medium assay. A selective/differential medium was developed to

monitor inoculated C. sporogenes in a food with a high background microflora

such as ground beef. The assay medium developed SC+2, utilized SC medium

which is the Health Protection Branch MFA-23 C. perfringens medium, and

included supplements identified by Pflug et al. (1979) that improve recovery

of C. sporogenes. The C. sporogenes produces black colonies on this medium

(differential aspect). The anaerobic incubation, and presence of d-cycloserine,

and sodium metabisulfite provide the selective aspect.

SC+2 medium proved effective in monitoring total (vegetative cells and

spores) C sporogenes, (non heat-treated assay) and C. sporogenes spores

(heat-treated assay) in stored radurized ground beef. However, there were

some small black interfering colonies present in the total C. sporosenes assay

in unirradiated ground beef. Hydrogen sulfide producing pseudomonads are

the/(one of the) suspected organisms that produced these interfering black

colonies. Proper isoiation and identifîcation of the interfering organism/s

should be conducted, if further modifîcation to the medium is desired to allow

this medium to be effective in unirradiated ground beef as weil as radurized

ground beef. Possible further modifications include:
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a.) Addition of Kanamycin and/or Pol¡rmixin B to increase the selectivity of

SC+2 medium, as Shahidi and Ferguson (1971) recommended their use in

conjunction with SFP medium (SC medium base).

b.) Addition of egg-yolk supplement used in the TSC agar cited for

enumeration of C. perfîngenes in food by FDA and BAM (Harmon, 1984;

Harmon and Duncan, 1984). They noted that C. sporogenes will also give an

egg yolk positive reaction (2-4 mm opaque white zone surrounding the black

colonies due to lecithinase activity). This added distinctive aspect may be

suffîcient to differentiate C. sporoqenes from the interfering background

organism/s.
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Refrigerated shelf life of lean ground beef patties stored at 4"C can be

extended by radurization (2.5 kGy). Radurization and storage in dual bag

packaging (anaerobic) is more effective in extending shelf life than removing the

outer gas barrier bag subsequent to radurization with storage in gas permeable

single bag packaging (aerobic). Patties stored in dual bag packaging following

radurízation had a microbiological shelf life of greater than 24 days but the

effective shelf life was limited to 19 days due to odour unacceptability. In the

single bag packaged case, microbiological shelf life was 16 days but again the

effective shelf life was limited by unacceptable odour, which was present after 14

days.

The patty colour in either dual or single bag packaging was poor. Lack

of red colour was noted during the entire storage period. The stability of patty

colour was improved by the addition of 0.L07o crystalline ascorbic acid. The

addition of ascorbic acid extended the acceptable colour of radurized dual bag

packaged patties to 10 and 14 days when the outer barrier bag was removed on

days 6 and L2 of storage, respectively. The patties stored in single bag packaging

had acceptable colour for 10 days. The safety concern for the potential of

botulism, if radurized patties packaged in anaerobic conditions were temperature
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abused, was addressed with inoculation pack studies using C. sporogenes spores

as an indicator organism for C.botulinum. No growih of C. spQrqgegeg was

observed in radurized patties stored for 4 weeks up to 15"C. The safety of

radurized patties stored at 22C stored in both dual (anaerobic) and single bag

(aerobic) packaging conditions was demonstrated. Detectable spoilage occurred

prior to growih of C. sporogenes.

The inhibitory effect of the competitive microflora present in dual and

singie bag packaged radurized patties on growbh of inoculated C. sporogenes was

demonstrated. The microflora of patties stored in dual bag packaging appear to

delay the growbh of C. sporogenes to a greater extent than the microflora in

singie bag stored samples, which had air reintroduced.

A selective and differential media was developed to monitor the inoculated

C. sporogenes. The media may be used to monitor number of total (vegetative

cells and spores) clostridia or clostridial spores only, in a food product with a

high background of microflora, such as stored radurized ground beef.
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