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ABSTRACT

Lee Wing, Phillip. M.Sc., The University of l{anitoba. October,

l-980. The Antibiotic Sensitivities of Rough and Smooth Variants

of Bacillus stearothermophilus var. calidola.ctis. l4ajor Professor:

Dr. Gregory Blank.

Rough and snooth spore variants of Bâcil.lus stêarothermophilug

var. calidoÌactj,s, subculturecl frorn csnnercially available Delvotest@

P ampoules, wetre evaLuated in terms of their antibiotic sensitivities

using both a si¡mrlated. Delvotest@P and disc assay proceclure. Differences

in antibiotj.c sensitivity of the rough and snooth variants were

observed with penicillin and tetracycline using both tnces of test

procedr:res. T?re greatest diffeence i¡ antíbiotic sensitivities

between the rough and the snooth variants was observed with tetracycline

' when tested using the disc assay method. Ttre pure rough and pure srnootlt

variants showed mi¡i¡nrm d.etectable levels of 40.0 a¡d Z.O ye/nù t

respectively. These differences in sensitivities by the pure rough and

the pure sncoth variants tovards tetracycline were further dqnonstrated

when varying proportions of mixed spore populations were evaluated using

a disc assay method.

Tlre mini¡rn:m detectable concentration of penicillin by the pure
¿ô

rough and pure snooth variants using the sirmrlated Delvotest-P method

was 0.01 and. 0.10 lu/ml,respecti.vely. The sensitivity of the pure rough

and pure snooth variants to penicillin was increased wtren the disc assay

procedure was ønployed viz, 0.0O4 and 0.005 Iu/mlrrespectively.
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The varying surface:volrrne ratios on the performance of

the sinmlated Delvotest@P method showed no effect; the nature of the

antibiotic diluent, however, influenced the pH response in T?yptone

Glucose Skim MÍ]k base r,neditun.



I}TTEODUC;IION

Severaf mÍcrobiological methods have been developed for the

detection of penicillin and other antibiotics in rd1k. In rnrst of

these a.ssay procedures, a time period of 16 to 18 hours is required

in order to give test results. Such methods are generally too time

consuning to be of use for conmercial dairies and/or regulatory

agencies. A rapid method for the detection of antibiotics in milk

which is both sensitive and accurate would be of sreat benefit in

dealing wÍth this serious probløn.

One of the methods presently used for the detection of antibiotic

residues in rnilk and dairy products is based on the acid-production of

Bacillus stearotherrncphilus var. calidolactis. This test is conmercially

available under the trade name Delvotest@P, and is described as being
rÀ

simple, sensitive, reliable and quick. The Delvotest"P method is an

agar diffusion test ønploying a fixed 1evel of germinative spores/ml

incubated at a tenperature of 63oC - 66oC for 2É hours. This test

microorganisn was chosen because of its tlerrnrphilic nature vrTrich, when

incubated at 63oC - 66oC, precludes the grouth of many interfering

microorganisns naturally occuring in milk; Bacillus stearotherrnophilus

var. ealidolactis is also highly penicillin sensitíve.

Previous studies performed in this departrnent have revealed the

presence of rough and snroth variants of Bacillus stearothernnphilus var.
@calidolactis isolated frorn ccnmerciallv available Delvotest P amooules

when subcultured in a tryptone yeast extract base medium, Although the
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existence of rough and snooth variants of Bacillus stearotherrnophilus

have been docwnented. their antibiotic sensiti.vities have so far not

been evaluated"

In this investigation, pure rough and pure snooth variants of

Baclllus stearothermophilus var. calidolactis were suJocultured frorn

ccncnerci-aIly available Delvot.=Pp am¡rou1es. Ttre antibiotic sensitivi-

ties of these varia¡rts were tested separately against penicillin,

chloranphenicol, tetracycline and bacitracin, usÍng a sinmlated DelvotesP

P and disc assay method. These antibiotic sensitivity tests were

performed. in order to evaluate and delineate the possible effect of rough

and snooth varia¡ts on the nerformance and sensitivitv of the DelvotesP

P method.



REVIEI{ OF LITMATURE

TTIE USE OF ANTIBICTfICS IN TÏTE DAIRY Ï}ÍDUSTRY

Antibiotic therapy is presently used as one of the principal

methods for the treatrnent of infectious diseases such as mastitis in

dairy cattle. Annng the various types of antibiotics available,

peniclllin has been one of the most widely used in the treatment of

these diseases. Antibiotics can be aùninistered to the diseased

animal by infusion, injection or ora11y, depending on the type of

infection or personal preference (Yusuf et al., 1960). Unfortunately,

all three routes of antibiotic administrations can permit the anti-

biotic to ultimately reach the milk supply, thus causing problenrs to

the milk producer, processor and consrmer.

Scrne of the problsns created by the presence of antibiotics in

milk include slow or conplete absence of acid production by bacterial

starter cultures erçloyed in the manufacture of various cultured dairy

products and the onset of hnoersensitive reactions in antibiotj-c sensi-

tízeyj". individuals (Krinke, 1950).

Welch et a1. (1948) were the first to report the presence of

residual levels of penicillin in milk follow-ing intranuscular injections

of cor.vs treated for mastitis. Although the need of intramanrnary antibio-

tic preparation for the control of mastj-tis in dairy cattle is univers-

aIly accepted, the attendant risk of milk contamination has always been

a cause for concern to dairy technologists and health authorities

(\El-fun et a1., 1979). The problem of antibiotic residues in milk and
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dairy products recluire continuous monitoring on the part of the dairy

indr.rstry and regulatory agencies in order to reduce and/ot avoid a

public health crises. In Canada, the Food and Drugs Act and Regulations

sbates that "when a¡ antibiotic is used for lactating cattle, the period

of time that r¡n:st elapse after the last antibiotic treatment in order

that the milk frorn treated lactating animals will contain no a¡ltibiotic

residue, should not erceed 96 hours" (I'.D.A.R. , 1975).

METTIODS USED TOR TTIE DETECTION OF AT{TIBIOIICS IN MILK

Ttle methôds involved in the detection of residual levels of anti-

biotics in milk are diverse and are based on several principles:

(a) The Reduction of Dyes

These tests utilize a special group of dyes u'l'rich a¡e incorporated

ì-nto appropriate microbial growth media, seeded rvith susceptible, sensi-

tive test rnicroorganisns. The method depends on the abllity of the micro-

organism upon incubation, to grow and utilize the oxygen dissolved

in the growth media, wtrich in turn lowers the oxidation-reduction potent-

ial of the ggowth medía. To measure the microbial activity and to

dsnonstrate visibly the rate of o>rygen depletion, an oxidation-reduction

indicator is added. Va¡ious dyes have been r.lsed in this type of test

and include reza,zurLn, (Ilietaranta and Timroth, 1953); methylene blue,

(Schipper and Peterson, 1951); triphenyl tetrazolium chloride,(Neal and

Calbert, 1956).

(b) Agar Diffusion

lÏre agar diffusion test is based on the formation of zones of

inhibition wtrich appear on test plates seeded with susceptible, sensitive

test microorganisrns, specifically selected for the antibiotic being
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tested. TTre methods of i4terpretation have varied from susceptibility
based on zone-on-zone readings to susceptibility based on measurements

of the zone díameter (Ba1ows, rgr4). Tho main types of assays which

utilize an agar diffr:sion method for the detection of antibiotics in
mi-lk are:

(i) Cllinder-p1ate Method.

ïhis method was first outlined by carter, (agr4) and is
cr:rzently cited in Standard Methods for the Examination of Dairy products

(A.P.H.A. , 7978>. Ttre nrethod involves the use of the microorganisn

Sarcina lutea and was developeci to detect penicillin residues in milk

and dairy products (Ledford and Brown, 7977). Prior to the developrnent

of the Delvotest@P method, the Sarclna lutea cylinder plate method. was

adapted by goverrrnent agencies to monltor antibiotics in non-fat dairy
milk' Ttris method, although more sensitive than the disc plate method.,

is more cornplex and requires 16 - 18 hours of incubation.

A variation of the cylind.er plate method, as described by I(abay,

(1971), utilized a cylinder cup assay, ernploying sárcina lutea as the

test organisn. Ttris method was shown to be sensitive to a4 clifferent
antibiotics; the mini¡rn¡n concentration of penicillin detected was 0.01

Iu/m1.

(ii) Disc-olate ]vtethod

A detailed procedtrre outlining this test method is described

in Standard Methods for the Þcamination of Dairy products (A"P.H"A. , IgZg).

T-tte standard method presently used utilizes agar plates seeded with spores

of Bacillus subtilis (Arret and Kirshbaum, 1g5g). sporesof Bacilrus

meg'aterium have also been used in the disc-plate method (Read. et al_.,

t977). studies performed by Forsch¡er (1923), using spores of Bacillus



stearotherrnophilus var. cal-idolactis as the test organisn in a disc-

âssay, have shcx,vn that the organisn was sensitive to 0.004 Iu penicillin/

m1, when incubated at 70oC for 3 hours. ùr the other hårrd, a sensitivity

of 0.05 Iu penicillin/m1 was obtained wtren Bacillus subtilis was used,

with an incubation tønperature of 32oC for 74 - 24 hours. I(aufmann

(7977), using Bacillug stearotherzr¡rphilus var. calidolactis in a disc

agar method, showed that thei-r test method 'usa.s ûìore sensitive than either

the official disc or the cylinder assay method used for antibiotic assays.

(c) Radioaetive Tracing(Ctrarm Test)

ThÍs test is specifically used for the detection of penicillin

in milk. The general principle involves the affinity of a binder for
1Aa --carbon agent. Penicillin or penicillin derivatives interfere with

the binding of a carbon 14. A penicillin analyzer then measures the

amount of carbon 14 that is bound and the results are displayed in a digital

readout on the analyzer. TÏnts, the higher the nurnber displayed, the

lower the penicillin concentration.

This method, used for the detection of penicitlin in milk, is able

to give results i¡ le,ss than 15 rnins with a sensitivity for penicillin

as lcmr as 0.001 fu/ml. Although the method is sÍmple, fast and easily

reproducible, its disadvantage lies in its specificity for only one

antibiotic, i-e. peniciltin. The high initial cost for the equipnent

also ne.kes it unaccessible to many daify industries. This test is ccxrmer-

cially available arul supplied by Penicillin Assays Inc., 33 Harrison

Avenue, Boston, It4a. (Anon !979).

(_d) Acid Production

These tests are based on the inhibition of acid production bv the



I

test organisn wtren a¡rtibiotics aÍe present. The method depends on

the ability of the microorganisn, upon incubation, to produce an acidic

end product, mainly lactic acid. Tfre inhibition of microbial growth

due to the presence of antibiotics is determined by the reducti.on in

acid production by the test organisn. Va¡ious test organisns wiiich have

been used include: Streptococcus thernophilus (Co1lins, 1957), Strepto-

coccus agalactiae (IVatts et a1., 7945), Lactobacillus bulgaricus (Ullberg,

L952), comnercial dairy starter cultures (Reuhe, 1950) and Bacillus

stearothermophj-lus var. calldolactis (Van 0s et al. , 7975). Another test

assay using Bacilh:s stearotherrnophills var. calidolactis C953 is

ccnmercially available as the BR Foss test. Ttris test procedtlre is

simple and is based on the reduction of the dye brilliant black by the

test organisn, a^fter an incubation period of 3 hours. A concentration

of 0.004 Iu penicillin/ml can be detected using this method. Van Os et al.

(7975), described a variation of the Bacillus stearotherrnophilus var.

calidolactis method, which has been developed by Gist-Brocad.es, De1ft,

Holland. as DeIvot.=S.
@

The conmercially available Delvotest P is one of the methods

presently r:sed for the detection of various antibiotic residues in milk

and other diary products. The test kit consists of trvo main important

ccrnponents:

containing approximat e\y 2.0 x tO67mt

soores of Bacilh:s stearotherrnophilus

var. calidolactis, a:ld

(ii) nutrient tablets, each containing 0.5 mg trl'ptone, 5.0 rng

glucose, 2.0 nE non-fat dry milk, and 0.25 mg brornocresol purple'

The tablets containing the nutrients a¡d brcrnocresol purple are

(i) sealed am¡roules, each

of highly pr:rified, germinative



added to ampoules containing plain ag:æ with spores of Bacillus

stearotherrncphilus* var. calid.olactis. .After the addition of 0.1 ml

of milk sample, the anpoule is incubated for 2È hours in a water-bath

at 630 - 66oC. In the absence of antimicrobial substances, the wiTole

of the solid medium turns ye11ow, vtrile it rsnains purple in the pre-

sence of sufficiently high concentrations of antibiotics. The test

method has a very high sensitivity for penicillin. Other advantages

include a rapid corpletion time of the test, simple equipment required,

less interference frcrn natural inhibitors in the mi1k, and greater

stability of the activated spores. 'Rèproducible results were obtained

with test materials produced in different batches on a large scale, and

the test ampoules were shown to be stable for at least 12 months; the

nutrient tablets, when stored in dry conditions, were stable for at

least 6 npnths.

Research has shorvn that the Delvotest@P method can detect as 1ow

as 0.004 Iu penicillin/ml of mitk sample a¡d is not affected by

detergent residues in milk rvhich may occur occasionally. NaturaJ.

antimicrobial substances in raw milk hardly interfere with the test

This was proven in eçeriments with untreated churn milk samples (Van Os et

àI., 1975). Many of the antimicrobial substances which interfere with

the test can be prevented by special treatments e.g. boiling. As indicated

by Standard Method for the examination of dairy products, this boiling

consists of a heat treatment of t hour at 1OOoC.

The possibility of reducing the duration of the test to 1! hours

by preincubatìng the medirrn and nutrients can also be achieved.

Wörk performed by Stahouders and llassing (1:976), investigated the
@

reproducibility of the Delvotest-P method and the extent to r,virich rhese



tests correlated with each other using various batch lots.

STAGES IN SPORE DEVELOPMNNT

(a) Dormancy

Dormancy is a stage or condition of a living organism that is

characterized by a lack of metabolism and developmental processes.

Thc cxtremc casc of. clormancy is clraractcr.i zccl by no mctabolic

actÍvity and has been designated as cryptobíosis. The retention

of viability for extended periods of time by spores implies the

cryptobiotic state. The degree of dormancy of individual spores

is quite varíable. Factors that maintaín, augment or induce

dormancy include temperature, Íonic environment, piì, exchangeable

catíon 1oad, \^/ater activity, oxygen, oxidation-reduction as well

as the presence of protein agents, metabolic inhibitors, analogs

and antibiotics (Gould, 1969). }jirh aging, heating, reductants,

low or high pH, or altered exchangeable cation load the optimally

dormant state may be transformed into an activated state. The

Process of activation terrninates the state of dormancy temporarily

wíthout terminating cryptobíosis in the spore. Dormancy is

considered to be broken completely when rhe germination rate of

the sporesuspension is maximal.

Although the exact function of dormancy is not knov,¡n three

roles have been ascribed to spores, including enhancement of

survivability, dÍsseminability and coordination of development

wíth favorable environmental condítions (Sussmanona and Halvorson,

1966) .

Several distinct and physiologically independent stages of

maturation have been shov¡n to be involved in the
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transfornation of a dormant

processess have been termed

gfor¡¡lh.

(b) Activation

spore into a vegetative cell. 'ftrese

activation, germination and final1y, out-

Activation is the initial process which conditions the dormant

spore to germinate under appropriate conditions. The activated spore

retai.ns most of the important propenties found in the dornønt spore state

such as resistance to heat and radiation, nonstainability and refractil-

ity.Activation, however, causes changes in the germination requirsnents

for the spore and effects the ultimate germination rate which otherwise

i-s slow and often inconrplete. Other effects include changes in morphology,

perrneability and spore ccr,rposition as well as changes in the metabolic

activity of the spore (Keynan and Evenchik, 1969). The process of

activation is in most cases reversible and, as noted by Keynan and. I{al-

vorson (1965), does not occur in all spores. TLre need for this process

depends on the nature of the spore tlpe, the previous history of the

spore and the t1'pe of environmental conditions such as tanperature and

pH, vfiich ca¡ induce the transforrnation of the dorz¡a.nt s'oore into a

vegetative celI.

The simplest method of spore activation is exposure to sub-Ietha1

heat, but other treaùnents have been shown to replace this heat effect.

IVork done by Finley and Fields (1962), has shown that at ternperatures

above loooc, activation of Bacillus stearothermophirus strain 15r-B

occured, while at tønperatures below 1oooc, heat induced dormancy was

observed. Reports verifying the above finding were earlÍer documented

by Brachfeld (1955). curran and Evans (7945), however, der,ronstrated

that sub-lethal heat (620 to 65oc¡ could. also induce dormant spores to
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gerrn:inate.

A nunber of reports exist, indicating that the composition of

the medium in v,hich the spores are suspended during heating (the menstmum )

influenees the degree of activation. This was first reported by Curran

and Evans (7945), who showed that the nature of the menstruum determined

the degree of activation in their strains. Powe11 a¡d Hunter (1955),

later reported that heat activation must be carried out in the presence

of water. It was further obserwed that it was impossible to activate

lyophilized spores, oT spores resuspended in a high concentration of

glycerol (Beers, 1953). These results indicate the importance of the

role of water for activation.

A study of the kinetics of heat activation shorved that the

activation energ'y attained is high and is sjmilar to that observed in the

heat denaturation of macromolecufes. The utilization of heat for spore

activation can also give ri-se to the follorving conditions (Busta and

Ordal, 1964):

i) heat killing of the sPores;

ii) heat damage of sdne specific enz5nnes involved in germination;

iii) quantitative population changes in heterogeneous spore
suspensions;

iv) perrnanent changes in germination requirenents; and

v) heat induced dormancy.

The process of heat induced donnancy was observed with spores of

two strains of Bacillus stearothermophilus when heated in distilled

water at 8Oo, 90o and 10OoC (Finley and Fields, Lg62). It was found that

heat treatrnent at these tenperatures gave a reduced metabolic activity

effect. Obher methods u¡hich have been used for effective activation of

spores are surmarized by Keynan and Evanchik, (1969):
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i) 1ow pH and reducing agents;

ii) calciurn-d.ipicotinic acid; (Ca-DPA);

iii) ionizing radiation;

iv) activation by various chsnicals; and

rz\ qcraincr

The activation mechanisn has been postulated by several workers

(Gou1d and Hitchens, 1963; I-ee and Ûrda1, 1963), a-s a change involved

in s¡lore permeability. The evidence that spore permeability ì-s

altered dr:ring activation is based on the following observation:

increased uptake of-o><ygen by activated spores wtren glucose is added;

a need for less l-alanine for the saturation of germination rates;

excretion of Ca-DPA and scrne amino acids during activation (Keynan and

Evenchik, 1969); and finally, more direct proof by Gould and Hitchens,

(1963),who observed that eq)osure of spores to mercaptoethanol, a

treatment which induces activation, enables a molecule as large as

lysoz5zme, to penetrate the spoie coat a¡d reach its substrate located

in the corte>< of the spore.

Other explanations for the activation effect have been given by

Keynan et al" (19æ), who reported that the activation mechanisn could

be considered as a process in which molecular changes occured in pro-

teins located in the various spore structures. F?eeze and Cashel (1965),

hypothesized on the mechanisn by which activation results in the release

of a factor stimulating germination. According to this hypothesis, when

the spore is heated, a stìnmlating factor becornes available, which

Ieads to the onset of germination. This substance, however, is unstable

and disappears if germination is prevented. Studíes perforrned by these

researchers suggested that the hnnothetical stimulating substance might
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9+
be either Ca"' or DPA, or both.

Ilalvorson et al. (1958), however, regarded the mecha¡risn of

activation a.s one possibly involving the inactivation of an inhibitor.

Ttrey showed that dipicolinic acid, which is a potent chelating agent,

stinn-ilated the activity of the endogenous efectron transport systen

in spores. They assumed therefore, that activation might lead to the

release of DPA frsn its bound form. The liberated DPA then rernoves an

inhibitory metal by chelation, prornoting the flow of electrons frsn

substrate to molecular oxygen. Ttris hypothesig however, assumes the

existence of a metal which maintains the dormant state of the spore.

(c) Germination

Activation results in a spore which is poised for germination but

stil-l retai¡s most of the original dorrnant s¡rcre properties. The acti-

vation process results in the conversion of a resistant and dormant spore

into a sensitive and metabolically-active spore form. The changes

wtrich occur during germination (Gou1d, 7969), include:

i) changes in resistance

ii) breaking of donmncy

iii) depolyrnerization and excretion of q)ore constituents

iv) cytological changes

v) optical density changes

vi) phase darkening

viü) increase in permeabiliff, and

ix) increase i:r spore volrrne.

Various physical and ctrernical factors have been found vftich are

abl-e to initiate germination. Scme of these factors incl-ude the use

of specific amino acids (WoIf and Mahmoud, 7957); ribosides (Hills, 7949);
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sugars (Wolf and Ttrorley, 1957); non-rnetabolizable gerrninants such

as ions (levinson and Sevag, 1953); surfacta¡rts (Rode and Foster, 1960);

chelates (Riernann and ordal, 1961); environmental factors such as pH

(Ctnrrch et aI. , tg54); tenperatgre (I(naysi, 7964); water activity (Hagen

et a1. , 1967) and ionic strength (Rode and Foster, 7962).

(d) Pre

After the conrpletion of gerrnination, a process of synthesis of

new macrdnolecules and a highly ordered sequence of biosynthetic events

occur resulting in the differentiation of structures characteristic of

the vegetative cell (Kobayashi et al., 1965). Both physical and chsni-

ca1 requirsnents were found to give optirrn-m spore outgrovrth resulting in

the ønergence of a new vegetative cell. These include tønperature,

inorganic material- ie. sulphur, phosphorus; arnino acids and pH (Strange

and Hunter, 1968). During the conversion of a spore to a vegetative

cel-l, a highly ordered sequence of biosynthetic events occurs leading

to a culture which divides synchronoush' for at least several generations.

During outgrowlh, progressive changes in stmcture, metabolic activit5',

classes of ribosornal particles, and patterns of R}{A sSmthesis have been

observed (Idobayashi et a1., 1965). Germination and outgrowlh can,

therefore, be considered as a process of intracellular differentiation

involving a series of distinct structural a¡d functional alterations.

BACILTUS STEARCrIHERI\ÍOPHILUS

The first namecl and described va¡iety of Bacillus stearothermophilus

was isolated frqn cans of spoiled corn and string beans (S'nith et al. , 1952).

This specieshas long been of gz'eat importance and concern in the canned

food industry. The spores of this organisn are extremely heat-resistant,
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surviving heat treatments at 12ooc for 35 mins in pH 6.g5 phosphate

buffer (l{illiam et aI. , 7937). The vegetative cell on the other hand

is capable of growth at tanperatr:res of TOoC or slightly higher, Md

is responsible for flat sour spoilage of low acid canned foods (Esty

and Stevenson, 1925). These spoilage organisns are usually facultative

anaerobes and obligate thermophiles.

The following characterization of Bacillus stearothermophilus

was based on a study of 98 cultures, all incubated at 45o to 50oC during

the observation period (Snith et aI., 7952):

Vegetative Rods

0.9p to 7.Oy by 2.5 y to 3.5p; motile; gram variable.

Spores

1.0 f to 1.2 pbV L.5 yto 2.2p; characteristically variable in

size; oval; located terminally to subterrninally within the sporangia.

Colonies

Non-distinctive; pinpoint to snaII; round to irregurar; translucent

to opaque; rough to srpoth.

Nutri.ent Agar Slant

Grorvth variable; ranging frcrn thin, scant, rough and non-sprea.ding

to good, opaque, snooth ancl spreadJng.

Grovrth Tenpêrature

Maxi¡rn-m terperature- 650 to zSoc; minimrrn tqnperature - 30o to 4boc.

Hill and Fields (\967a), studied the influence of ternperature upon

the growth and interaction of rough and snooth variants of Bacillus

stearothermophil.tts NCA 1518. They found that a low growbh terperature

(45oc) favoured the rough variant type. The snooth variant however, did
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not grow well at this lower tenperature. It was then concluded that

the ultimate effects of these tøn¡reratures were due to enzymatic

responses rather than changes in the nutritional requiranents of the

vari-ants.

Taxonornic studies on two strains of Bacillus stearotherznophilus

performed by Finley a¡ld Fields (!962), noted that one strain consistently

grew at 70oc, u¡hereas the other grew at 65oC and not 70oC. This in-

ability of the particular strain to grow at 70oC may have indicated

that there may be a comparable intrinsic difference in the heat activ-

ability of the spores of these two strains. Research by Iong and

Williams (1959), further showed that ssne strains of Bacillus stearother-

mophilus were dependent upon the surface:volrrne ratio of the media for

growbh at low tenperatures.

Species Variation

Apart frsn differences in colony structure, due to species differ-

ences, the bacteria of a siqgle species may form several distinct t5,pes

of colonies. T\¡¡o colonial tSrpes which have been isolated frcrn various

bacterial species include snooth colonies of regular outline and form,

and rough colonies of a more granular and irregular character. These

differences in colony form are usually outward expressions of signifi-

cant nnrphological and physiological differences in the particul-a¡

organisns concerned (I{anshelwood, 7947),

The factors wtrich favour the establishment of a snooth population

over a rough should be recognized and investigated. O<ygen tension has

been shov¡r to affect differentially the growLh of strains of ma¡y organ-

isns. . Wessnan (1964) found that oxygen limitation favoured the grou'bh
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of non-snooth forms of Pasteurella hasholytica and that this select-

ivity did not occur in aerated cultures. Simila¡ results were obtained

by Altenbern et aI. (1957), vttto stated that the non-snooth type of

Brucella abortus grew at a faster rate than the snooth at low air

pressure and that the rough had a greater affinity for o>rygen in the

terminal hydrogen transport systern. Other bacterial species vùtich

have shown these colonial variations include Diplococcus pneunoniae

(Carta and Firshein, 7962) and many species belonging to the genus

Bacillus (Snith et a1., 7952). Car.ta and Firshein (1962), showed that

two factors produced by one variant type inhibited the nultiplication

of the other variant. ùle of the factors was the presence of an endo-

toxic substance which was part of the ceI1 itself. The inhibitory

factors, horvever, have not been characterized or identified.

VARIA}]IIS OF BACILTUS STEARCrITIMMOPHIII]S

(a) Morpholoeical and Colonial Characteristics

Cultures of Bacillus stearothermophilus have long been recognized

(Michner, 1953; Fields, 1963) to contain both rough a¡d snooth variants

according to their colonial and morphological characteristics. Varia-

tions in size of the rough and snooth variants of the vegetative ceIls

of Baci11u.S stealglhennophilus. NCA 1518 were first reported by Fíe1ds

(1963), who showed that the surface colony of the snooth variants was

rou:rd with a central opaque spot. The size of these s'nooth vegetative

cel1s had a mean of 1.5px O.5¡rwith a maxinn:m of 2.0yx 0.5¡.rand a

mininrwn of 1.0f x 0.5f. Ttre rough variants, however, shoued colonies with

surface colonies of the rough variants also

the srx¡oth variants vhen gro\Ml on the same medium

an irregular margin; the

tended to be larger than
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and under the same ex¡lerimental conditions. Ttre vegetative ce1ls of

the rough variant were considerably longer having a mean of 3.6yxO.5y

with maxjnn¡'n length of 5.0¡;x 0.5¡and a mininum of 2.0yx 0.5P. A

report by Scholefield and Abdelgadir (L974) also indicated that the

rough variant produced a larger vegetative cell and spore. Intermediate

forms of Bacillus_ stearotherr¡ophilus NCA 1518 have also been reported

by ffi-rnbert et a1-. (1:972). Ttrey reported three types of colonies uftich

arose v¡fren the stock spore suspension of Bacillus stearotherrnophilus

NCA 1518 was inoculated onto trypticase-soy agar. One type of colony

was gncoth, wtrile the other two were of the rough type, giving an acid

and an alkaline reaction on dextrose tryptone agaJ'. The rough (aIkaline)

and the rough (acid.ic) strain had a strong tendency to autolyse after

they ha.d. reached their maxinum ce11 concentration or, if they were held

at roorn ternperature. The snooth strain ce1ls were quite stable under

similar conditíons.

Vlork performed by Hill and Fields (1967b)suggested that

two possible interactj-ons between rough and snooth variants

at least

of Bacillus

stearothermophilus NCA 1518 could occur:

(1) A rough population coul-d be established in an acid medium and by

production of basie substances, raise the pH sufficiently to stirmrlate

growth of the snooth variant.

(2) In a medirrn which perrnì-ts growbh of the rough variant but is

nutrÍtionally inadequate for the snooth variant, the rough may produce

metabolic by-products which enable the gnooth va¡iant to grow.

Previous vicrk performed by HJ.II anci Fields (1967a) showed that a

'oopulation of Bacil-lus stearothermophilus NCA 1518 inÍtial-ly containing
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a mjxed proportion of rough and snooth variants, quÍckly reverted to

an all gnooth variant ¡ropulation, occept v*ren grou'n at 45oC.

Studies performed by Hr:rnbert et aI. (7972) fi;rther showed that

there wa.s reason to believe that nn¡tations in col-onial nlcrpholory

occr¡redin their population of Bacillus stearothernrophíIus NCÁ 1518.

Itill and Fields (1967a)postulated that when the nnrtation frsn snooth to

the rough colonial ty¡re occurred,there wâq a concurrent drop in the

heat resistance and a change in a mlnber of nutritional and biochsnical

characteristics. Hurnbert et a1. (7972), hcnvever, shoved that this was

not necessarily true, and coneluded that v¡tren there wa.s a nmtatÍon in

the Bacillus stearotherrnophilus strain frcrn snooth to rough, the nutri-

tional and biochernical capabilities of the nmtant strain usually remained.

essentially unehanged from those of the parent. As noted by these

researchers, it was possible for nmtation to occur in both the rough

and sr¡coth variants of Bacilli¡s stearothernophilus NCA 1518.

(b) Ultrastructure of the Spores

Studies performed on the ultrastructure of spores of Baçil]us

steârotherrnrjÞhilus NCA 1518 by Rothman and Fie1ds (1966), indicated that

the spore wall of both the rough and the snooth variant was ccrn¡rosed

of three layers. In the snooth variant, however, these layers appear

to adhere together, whereas in the rough, the layers were distinctly

separated. The ultrastructr¡re studies performed also illustrated that

the snooth variant had a thicker spore rvall as corpared to the rough

variant and that a two-layer area of less electron density was inmediately

adjacent to the spore walI of the snpoth variant. The rough variant,

on the other hand. contained a thicker cortex a,s ccrnpared to the smooth
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core of the spore, which was not observed with the srnoth variant.

(c) Heat Resistance of the Spores

Fields (1963) retrrcrted that the tanperatures needed to activate

snooth varia¡t spores, inactivated the rol8h variant spores. Rothmax

and Fields (1966) later reported D-values (that tÍme of heating at a

tenpeatrre to cause a 90 percent reduction in the count of viable spores)

at t27oC of 2.32 and.1.42 minutes for snooth and rough variant spores of

Bacillus stearothern¡ophilus NCA 1518, respectively. Bigelow (7927) found

at L2l.oC. Reed et al. (1951) however, published f-values(that time ín

minutes required to destroy the organisn in a specified medium at 25OoF

^'or 121"C)for this organisn of 25.3 minutes in phosphate buffer, pII 7.0.

Fields and Finley i.itg62) found the F-value at 121oC to be 7.0 minutes for

a suspension of NCA 1518. Rothman and Fields (1966) later exlplained these

differences in F-va1ue as refl-ections of traditionally recognized factors

such as: nutritional status of the organisn, the suspending mestruum, the

age and concentration of the spore crop. The differences in F-values

obtained between spore suspensions of the same organisn, however, may have

been due to the presence of variant forms in the spore sus¡lension.

(d) Growth Conditions and Pnysiological Characteristics

The nature of the growth medir¡n and the p.t{ were fourd to have an

influence on the grcurLh and interaction of rough and sr¡coth variants

of Bacillus stearotherrnrphilus. Studies performed by Hill and Fields (7967a)

showed that o4ygen tension affected the an'punt of acid produced by the

rough and snooth variants of Baeillus stearothermophilus NCA 1518. The

snooth variants produced more acid than the rough, but the anpunt of acid

was independant of the oxlygen availibility. Ttre rough varia¡t, ho'ui,rever,
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showed. more acid accurn¡lation as the o>qygen tension was lowered.

Iìrrther studies have shou'n that the rough va¡iant not only had a lower

nutritional requirsnent than the snooth variant, but that the genera-

tion time included tenrperature and o>lygen tension.

Fields (1966) studied the grrowth of the rough and the Slpoth

variants of Bacillus stearothermophilus NCA 1518 in pure a¡d mixed

cultures in pea extract. He found that in mixed cultures the snooth

variant produced acids and/or other nretabolites wtrich inhibited the

grow¡h of the rough variant. Ilis results also indicated that the rough

variant prcduced basic substances during growth in pea broth'

Ttre pathway of glucose metabolisn in the rough and snooth variants

of Bacillus stearotherrnophilus NCA 1518 has been studied by Hill et al-.

(7967). They found that the Þnloden-Meyerhof pathway wa.s more active in

the sriooth variant a-s ccmpared to the rough variant tlpe. Ttre rough

variant, however, ut:lized glucose via the 8tr4 pathway exclusively or in

conrbination with a pathway other than the hexase monophosphate shunt.

(e) Heat Activation

The use of sublethal heat (6Z0 to OSoC) to induce dorrmnt bacterial

spores to germinate was performed initially by Curran and Evans (1945).

Later, both Brachfeld (1955) and Titus (1957) showed that the s¡rores of

Bacillus stearothernnphilus could be activated at tenperatures above

10OoC. Research performed by Finley and Fields (1962) showed that heat-

induced dormancy occr¡redwtren spores of Bacillus stearothernpphilus

were heated in distilled water at 80o, 90o and IOOoC; tenperatures

greater than l0OoC,however, resulted in activation. I{aximal activation

occuz'd at temperatures between 10Oo and 115oC, depending on the strain
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and nature of the variants in the Spore suspension i.e. consisting of

one pure vaïiant type or mixed. TTre optimum tanperature for heat acti-

vation for both the rough and the snooth variants of Bacillus stearo-

thermophilus strain ICA 1518 was shou¡n to be 11OoC. TLre heating times

for both variants at 110og were found to differ. The snooth variant

was shown to require approximately 15 minrtes more than the rough variant

in order to achieve optimrm activatíon (Fields, 1963) '

(f)

Finley and Fields, (!962) working with Bacillus stearothermophilus

NCA 1518, reported that phosphate buffer lowered the heat resistance

of the spore and also influenced the rate and extent of germination of

the spore. bYachfeld (1955), however, previously reported that phosphate

buffer significantly decreased the average plate count. Similarly,

Igilliams and Hennessee (1956), noted that the apparent heat resistance

ofBaci11usste@SporeSwaSaffectedbytheconcentration

of the phosphate buffer contained in the heating mestruum.

Cørparative plate count data obtained frcrn spores suspended and

heated in distilled water and i¡ M/72O phosphate bu-ffer at both nrurimal

an¿ s¡rtrnaxirnal actívation tanperatures showed that the phosphate menstruum

had a definite, inhibitory effect on sl?ore gerrnination and outgrowbh

(Finley and Fields, 1:962). TLre ccnrparative data also indicated that there

is a direct relationship between the magnitude of heat activation and

the magnitude of phosphate inhibition.

Other factors affecting the gerrnination process of Bacillus stearo-

thermophilus have been reported by various researchers and incl-ude:

i) the concentration of spore suspension (C\rrran and Pallansch,
1963);
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ii) inhibitory ccrnpounds (eg. nisin) uil"rich may be produced by
the natural flora of milk (McGillivray et âI., irg66);

iii) osnotic pressure (Fie1ds, ]-:g6r'.);

iv) calciun dipicolinate (Busta and Ordal, lrg64);

v) carbon dioxide (Cook et aI. , tgæ).

AI\'ITtsIOIICS AND ANTIM]CNOBIÂL ACTION

Antibiotics have been divided into two groups: bactericidal

antibiotics (ie. penicillin) r¡¡trich kil1 or cause the lysis (dissolution)

of invading bacteria, and bacterostatic antibiotics (ie. chloramphenicol)

which merely inhibit bacterial growbh and replication.
(a) Penicillin

Potassium penicillin G is a highly soluble salt. Iîhen susceptible

bacteria are grown in the presence of lethal concentrations of penicillin,
lysis occurs. rf sublethal concentrations are used, large, swollen

filamentous forms are produced. such effects are observed only with

grovring bacteria. T?ris antibiotic is effective against both gr:am posÍtive

and gram negative bacteria. It has been lmown for may years that penicillin
is a selective inhibitor of baórial ce11 rvaIl sSmthesis in multiplying

bacteria. This Ínhibitory action is, however, incornplete because cel1

wal1 construction and ce1l division continue in the pïesence of penicillin
(Huckers and Bennett, L975). Penicillin specifically inhibits the 1ast

step in peptidoglycan synthesis, the cross linking of the linear peptido-

glycan strands. V,tren bacteria aÍe gro\¡fiì in the presence of penicillin,
uncross-linked uridine nucleotide intermediates of peptidoglycan synthesis

accunulate. Studies performed by Vinter (1965) showed that when lethal
concentrations of penicil-lin were present at the beginning of the germ-

i¡ation stage of Bacillus stearot¡ennopilif"s spores, the incorporation
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ot[_t"cJ DAp was inhibited until the antibiotic was degraded. The

penicillin inhibited the cortex formation and retention of calcium

and DPA in the sporulating variants.

(b) Tetracycline

Tetracycline is the parent manber of a group of broad spectrur:

antibiotics that are equally effective agàinst granrpositive and grant-

negative bacteria. They inhibit protein synthesis due to the high

intracellular concentration of the antibiotic. Tetracycline molecules

form a con¡rlex with the magnesium ions that are present in the bacterial

ce1l wa1l and on the surface of the cytopla.snic mernbra¡e. Ttre conplex

is then transported across the menrbrane and the tetracycline rnol-ecules

are released into the cytoplasrn and act upon the riboscmes. The process

results in an intracellular concentration of antibiotics up to 30 times

the concentration outside the cell (Ilanrnond and Lambert, 1978).

(c) Bacitracin

Ttre mocle of action of this antibíotic resernbles that of penicillin,

in that it causes spheroplast formation and the accr.rrnrlation of nucleo-

tide precursors of peptidoglycan. The specific site of action is con-

cerned ruith the lipid-soluble carrier rnolecule which transports the

d.isaccharide-pentapeptide presursor across the ce11 mernbrane for assernbly

outside the mernbrane. In the last step of this stage of peptidoglycan

biosynthesis, the pyrophosphate form of the lipid-solub1e carrier is

dephosphorylated to yield inorganic phosphate and the carrier lipid. It

is this last step that is specifically inhibited by bacitracin and the

carrier lipid is thus prevented frorn re-entering the reaction cycle of

peptidoglycan synthesis (Ifannrond and lambert, 1978). Bacitracín is
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highly active against many gllan-positive bactevia.

(d) Chloramphenicol

Ttris broad spectnrrr antibiotic acts only upon bacterial ribosomes,

lea.ding to inhibition of peptide bond formation. Studies performed

by Ryter and Szulmajster (1965) showed that the develo¡xnent of forespores

of Bacillus subtilis which have not yet reached the stage of coat

formation, wâ-q inhibited by chlormaphenicol. Ttre antibiotic blocked

the stage involving coat fornation, however, it did not impalr cortex

forrnation.
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MATM,IAL AND NÍETHCDS

MATEA,IAIS

The bacterial culture used throughout this investigation was

Bacillus stearothermophilus var. calidolactis, rough and snooth variants,

obtained directly by subculturing ccnmercially available De1vot""S

ampoules supplied by the Laboratory of Technical Microbiology of the

Technical University, Delft, The Netherlands.

The antibiotics used were:

(a) Penicillin-G (1595 International Units/me)

(b) Bacitracin (56300 International Units/gran)

(c) Tetracycline (crystalline)

(d) Clrloramphenicol (crystalline)

All antibiotics were obtained frorn the Sigma Chenical Cornpany,

St. Iouis, \{issor:ri, U.S.A.

il4ETIICDS

1. keltaration of lvfedia

(a) T?yptone Yeast Þctract Glucose (TYG) L{edium

Ttre TYG medirrn described by Kim and Naylor, (1966) was used

initially for the preparation of the vegetative cel1s of Bacillus

stearotherrnophilus var. calidolactis. The medium contained the

following:

Tlyptone 10.0 g

Glucose 5.0 g
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Distilled lYater

and was adjusted to pH 7.2 witlr O.lN NaOH prior to sterilizatior¡.

(b) Sporulating Agar

The sporulation agar used for spore production was described by

Kim and Naylor (1966). Ttris mediwr was used for the sporulation of

the variant spore types after initial vegetative ggowth in TYG media

was achieved. The spomlation agar consisted of the following:

Yeast Þrlract

KzM+

ñrtrient broth

Yeast Þ<tract

l{lnc1-Z' 4H2O

Agar

Distilled l{ater

following:

Tþrmf nno

Glucose

Skim [4i1k Powder

Brcrnocresol R:rple

¿.v 6

v.v ú

1000 ml

8.0 g

4.0 g

10.0 ppm

20.0 g

1000 mt

0.0833%

0.833 %

0. 333 7o

O.OO4 7o

a¡d qras adjusted to pII 7.2 wr-tlr O.lN NaOH prior to sterilizatíon. T\,vo

hu¡dred m:il1i1iter volwnes of the sporulation agar were used for each

1-litre Roux Bottle, sterilized and allowed to solidify in a horizontal

positlon.

(c) Tryptone Glucosê Skim MiIk (TGS) Mediurn

@
This mediurn consisted of a simulated Delvotest P test nutrient

tablet as described by Van Os et al. (1975). 'lhe medium contained the
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and r.{as adjusted to pH 7 with 0.1N Hc1 prior to sterilization.

2. keparation of Vegetative CeIl Inoculun

The contents of the De1vor.=Pn ampoules were initially tenpered

in a water bath at lo8c for 1 minute in order to melt the agar sus-

pendlng the bacterial spores. ']Ïre spores were then directly inoculated

into sterile wG medium and ineubated at 53o-5boc in a Nerp Brunsr,vick

scientifie gyratory shaker, G-25r1" circular orbit, operating at 2oo

r.p.m. for 14 - 18 hours.

The resultant vegetative growth (stock) was then used as the inoculun

for the preparation of the rough and smooth variants of Bacillus stearo-

thermophilus var. calidolactis. Ttre stock was initiarly serialry
streaked. on TYG agar plates, followed by incubation at 55oC for 48 hours.

The morphological rough and snooth variants were selected and picked.

frorn the agar sr.rrface on the basis of their colony variation, using a

method of serial, single-colony selections on wG aga^r. All plates were

incubated. at 55oC for 18 hours. Ttre rough and. snooth variants were both

isolated a¡d successively streaked separately five tjrnes on TyG agar in
order to validate the purity of the inocula before they were used for
spore crop production.

Vegetative cel1 growbh was obtained by separate inoculation of pure

coLonies of the pure rough and the pure snooth variants in TYG medirrn,

followed by incubation at bSoc for 18 hours. pure lines of both rough

and snooth variants, 'as wel-l as the stock culture, were ma1ntaine¿ in
the spore state, suspended in sterile distilled water and stored at approxi-

m¡f ol ,, 4o(- Tlra¡,¡øuurr = v. r'v Toügh and gnooth variants r,vere periodically streaked

out on TYG media in order to check their puritv.
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3. Spore Production

Five milliliter aliquots of the respective vegetative cells were

ùistributed evenly over the surface of the sterile sporlating a'gaT

with the aid of sterile glass beads, and incubated at 55oC. Ãt 24 hotsv

intervals, a Spore stain was performed on a Sample obtained frorn the

Ror¡'< bottles in order to determine the extent of sporulation. An incu-

bation period of seven days wa.s shcrs¡n to give ma;cimun Spore yield for

the rough and srnooth mixed (stock), pllre snooth and pr:re rough variants

of Bacillus stearothermophilus var. calidolactis

(a) Spore I{arvest

After incubation, the resultant spore crop was harvested by

washing the surface of the agar with 10 m1 of steril|1z€}c,, cotd (¿oC)

distilled rvater. The spore crop frcrn each Roux bottle was then quickly

pooled into a sterile flask and centrifuged at 1oC for one hour at

4OO x g using a Sorva1 $rperspeed RC2-B autornatlc refrigerated centri-

fuge. Centrifugation was carried out asceptically.

(b) T?eatment of Spores with Lysozyme

After centrifugation, the supernatant was discarded and an equal

volume of cold (4oC) distilled water was add.ed to resuspend the spore

pellet.

pellets

1% solution of lysoz5zme was added to the resuspended spore

a rate of 7% v/v. The s¡rore suspension, together with the

lysozyrne, was incubated overnight at 10 - 3oC to ensr.re liberation of

all endospores frcrn the sporangia, and lysis of any unsporulated cel1s

contained in the preparatÍon (Kim and Naylor, 1966) '

(c) Separation o

After lysozyrne treatment, the Spores were washed repeatedly urith

¡ò.

àt
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co1d, sterile distilled water, then centrifuged (400 x g) at 1oC. Ttre

Spore pe11et was finally resuspended to its original volume r:sing sterile

cotd (4oC) ¿istilled water. The p'rity of the spore suspension was

checked. by microscopic examination qsing Flerning's Method of spore

staining (Cowan and Steel, 7970).

The above procdì.lres were used for the preparation of the stock

(rough and gnooth mixed), pure rough and pr:re snooth spores of Bacillus

stea¡othermophilus var. calidolactis.

ld) Snore Inoculun Standardizatian

The spore concentrations were standardized r.lsing a Perkin Elmer

Ititachi model III spectrophotcxneter set at a wavetength of 340 nm'

sterile distilled water wa.s used as the blank. viable spore counts were

d.etermined by dilution plate counts on TYG agar incubated at 55oC for

48 hours. The standardized spore suspensions used throughout the

^,6study ranged frcrn 1 x 10o to 4 x 10" spores/ml. A diagramatic schsne

used for spore and vegetative cel1 production is shown in figr-rre 1'

4. Sþore Heat Activation

Standardized spore suspensions contained' in distilled water, such

that the final volune contailled 10 m1 of spore suspension and heating

mestrurnn, were heat treated at various tarperatr:res, viz, ZOI SO, gO,

lOO"and 110oC. Several series of tubes containing standardized spores

were used for each activation tenperatgre studied' Nine tubes constituted

a series; one tube served as an u¡heated control and the others were

subjected to heat for varying lengths of time up to 60 minues' The first

tube was rsnoved frcrn the heating bath after the heating rnenstruum

reached. the designated temperature. Ttris was considered "0" ti-rne' There-
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FIG. I Elow dì.agram outlining the slepwise prrcedures for the
separ:ation of rough and gnooth va¡iants of Bacillus stearothermophilus
r¡ar. calidolactis frcrn Delvotest@P a.ntcoules.

T,Y.G. a"sar
oÐ u,rã Þrs.

T.Y.G broth
ÐÐ u, Iö nrs

T.Y.G. agar
55-C,18 hrs.

T.Y.G. broth
cÐ u,tõ rlrs.

lo
t:l,õ
E

t\
sporulation

media

pure rough q)ores
sr.spended in distilled water

storage at 4oC

centrifugation

în**
I

I
t-ïtl
U

pure sþoth spoïes
srspended ín distilJed water

storage at 4-C

T.Y.G, a"ea¡
aÐ u,l.õ nrs.

centrifugation
vrashing 

o
storage at 4 C
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after, the tubes were rsnoved at varying time interwal-s, viz, 1, 5, 15,

20, 30, 45 and 60 minutes. Heat activation studies at or below 1O0oC

were perforrd in a Bluellmagni wtrirl thermostatically controlled water-

bath using standard 8 x 150 nm pyrex glass tubes. Studies perforzned

at tønperatures greater than 1O0oC utilized a BIue M magni wtrirl

therrnostatically controlled oil-bath, using 6 x 150 nrn standard screw

top pyror tubes. After appropriate heating, the designated tubes were

irnnediately renoved and rapidly cooled to rocrn tønperature by use of

a cold water bath. The time-tønperature criteria required for optimrrn

activation of the various spore variant typeswerecorrelated with the

mininn¡n time required to change the pH of TGS medir.m frcrn 6.8 to 5.4.

Al1 pH measursnents were performed rising a Fisher Accumet Model 52O

digital pH/ion meter; visual changes in the pH of the medium were

followed by observing the colour change of the brcrnocresol purple indi-

cator.

The optinn-m activation tørqrerature and time were determined for the

stock Spores as weII as the pure rough a¡rd the pure snooth variants.

5. Determination of Antibiotic Sensitívities
a)(a) Si¡rn¡lated Delvotest-? Method

@
Si¡rmlated DelvotesfP, perfozmed in standard 8 x 150 rm pyrex tubes,

containing 10 m1 of TGS media, were inoculated with respective standard-

ized heat activated spore suspensions containing the various concentra-
(ò

tions of antibiotics under study. Sinn-rlated Delvotest-P media, inoculated

only with respective sta¡dardized heat activated Spore suspensions

served as controls. Ttre time taken for the sinmlated control Delvotest@

P mediun to achieve a pH of 5.4 was used as the maxi¡rn¡n incubation tjme
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for the test and was deternined for each varia¡t studied. A visual

reference point, corresponding to a pH of 5.9 wa.s used to determine

the minimr¡n inhibitory concentration of the antibiotic under study'

Tl:is visual reference point corresponded to that pH at which the indi-

cator, brornocresol purple, initially started to change colour frorn

purple to a faint purple-yellow. (Fieure 2).

(b) Disc Assay Method

Petri plates containing 10 m1 of TYG a$ar, seeded with heat

activated spores (2 x 1O6 spores/m1) were used. to determine the various

antibiotic sensitivities of the rough and the snooth varlants. Sterile

blank discs, å" (1.27 qrt) in dia¡neter (Difco) were capillary v/etted

with the variogs antibiotics and gently layered on the surface of the

solidified. agar bed. Petri plates having an inside diameter of 85 nrn

were used throughout this study. All plates were inverted and incubated

at 55oC for 6 hours. Perceptible, clear zone díameters of inhibition

were measured to the nearest rnillimeter, perpendicularly to both axis,

and were recorded as the average of triplicate discs on duplicate

plates. All antibiotics were freshly prepared on the s¿ime day of assay

and suitable diluted in distilled water or milk, using appropriate

controls.

Determination of Antibiotic Sensitivities of Various

rò(a) Sjmulated Delvotest"P l{ethod

Spore suspensions of Pr:re rough

stearothermophilus væ. g!!5þI¿rct:L!,

approximate\y 2 ë 1Oo heat activated

us vax. ca lactis

and pr.rre snooth variants of Bacillus

each standardized to contain

spores/ml were inoculated into a

stealor
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w w w  
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sequence of test tubes containing TYG mediun as follows:

Bre>c Test TUbes
(8 x 1Gm) % Rough % Snooth

0 100

20 80

40 60

60 40

80 20

100 0

The final volume in each test tube was 10 mI with each variant

type being heat activated separately at TOoC for 15 mins. prior to
inoculation. The inoculated test tubes, set up to contain a fixed pro-

portion of rough and snooth heat activated spores, were then each tested

for antibiotic sensitivity usÍng a selected range of antibiotic concen-

trations.

A second sequence of identical test tubes containing no antibiotics

were used as the control. All test tubes were incubated at 45oC in a

water bath. The maxinn¡n incubation time enployed for each spore propor-

tion tested was determined by monitoring the time required to change

the pH of the corresponding control frsn 6.8 to 5.4 (colour change frcrn

purple to ye1low).

In another study, 5070 pr:re rough variant spores were mixed with an

equal amount of pure snooth variant spores and heat activated at 11t-loc

for 15 mins. These spores were inoculated into TGS medirm,giving a final

volume of 10 mI and incubated at 66oc, until the pH of the medir¡nwas

observed to change frcrn 6.9 to 5.4. The time required for this cofour

change was then recorded.

1

2

J

4

5

6
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(b) Disc Assay I'{ethod

A sequence of six test tubes containing varying proportions of

the same fixed population of pure rough and pr:re snooth variant spores

(as described previously) were seeded into TtrS agar and poured into

petri plates, having an inside diamete:s of 85 nm. A final volune of

10 m1 of the agar-spore suspension was used throughout the study. The

method previously described for the determination of the mini-nn:m inhibi-

tory concentration of antibiotics on the pure variants using the disc

a,ssay method was utilized. All plates were inverted and incubated at

bboc for 6 hours, after which zone diameters of inhibition were measured

and recorded.

lus var. calidolacti-s

TTre effect of varying the surface to volune ratio (ie. the relative

surface exposures of the media) on the perforrnance of the si¡rul-ated
/À

DelvotesteP method using the ror:gh and sncoth variants of Bacillus

stearothermophilus var. calidolactis was deternined using varying sized

test tubes. Ttre surface to volune ratios studied in this investigation

are outlined as follows:

Test Tbbe
Dimensions

(rnm)

Diameter at
Media Surface

(nm)

MeiCia
Depth
(rnn)

Media
Volune Surface to
(n1) Volume Ratio

16 x 150

16 x 150

18 x 150

18 x 150

16.O

16.0

18.0

18.0

30.5

55.0

65.0

83.0

5.0

10.0

15.0

20.o

40:1

20:1

77:7

13:1
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RESIILTS

Spore suspensions of Baciltus stearothermophilus var. calidolactis

exllibit the phencrnenon of biological dormancy, such that the process of

gerrnination progresses very slowly and/or inconpletely unless scrne

method of activation is applied to the spores.

In this study, preliminary irvestigations were initiated in

order to determine the optimal conditions necessary for the heat

activation of the spore variants. Ttre various antibiotic sensitivities

for the spore variants were then subsequently evaluated using a sirnulated
rò

Delvotest-P and disc assav method.

Heat Activation

Heat activation studies using rough a¡d srx¡oth mixed (stock)

variants of Bacillus stearothermóphilus var. calidolactis were performed

at tenrperatures of 90o, 1O0o and 11OoC for 1 to 60 minutes, holding time.

The results (Tables 1 and 2) indicated that 90o and 1000 were sub-optimal

for the activation of the spore stock. A tenperature of il-Ooc (Table 3)

applied for approximately 15 r¡inutes showed mæcirm-m heat activation.

This tjme-tenperature cornbination, when applied to either a pure snooth

or a pure rough spore population, horvever, showedrnlnimal spore activation

effects (Figure 3).

The pure snooth variants were optimally heat activated at TOOC

for approximately 15 minutes (Table 4). A tenperature of 45oC was also

established as the optimal incubation tenperature, regardless of the

time and tenrperature used for the heat activation. Incubation tørpera-

tures greater than 45oC progressively decreased the rate of pH change
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TABLE 1. Ctranges in the pH of TGS mediun inoculated
with rough and gnooth mixed variants of
Bacillus stearotherornphilus var. calidolactis,

aryinã-ien$ñs -of time. fncubation tlme and tønperature
was 180 minutes and. 66oC, respectively.

pH change

fieaï
Activation

Time

lmi ns I

Incubation Tjmes (mins)

30 60 90 L20 ICU 180

1

15

20

30

45

60

6 4l

6.43

6.42

6.52

6.50

6.50

6.37

^ 
4l

6.42

6.4L

6.50

6.50

6.50

o.+L

o. ó.f

6.38

6.27

6. 50

6.43

6.44

6.27

6.28

6.23

6.26

6.32

6.27

6.27

o. L+

6.01

5. 90

5.86

5.86

5.76

5.74

5.æ

5.62

5.48

Ê. /14

5.43

5. 36

5.29

o. 1t-L

6.41,

6.41-

6.27

6.50

6.50.

6.50

@ corne up time was 6 minutes



TABI-ìÛ 2. Cttanges in the pll of TGS mediun inoculated
with rough and s¡ooth mjxed variants of
Bacillus stearotherrnophilus var. calidolaptis,

varyiñg lengths
of time. Incubation t^irne and tanperatr.¡re
was 180 minutes and 66"C, respectively.

pH change

lo)
HEAT

Activation
.|tE

lmí ns I

fncubation Times (mins)

30 9060 L20 150 180

1

ID

20

30

hll

6.41

þ. +J-

6.43

6.42

o. +J-

6.v
6.42

6.41,

6.40

6.42

641

6.44

o.Õ+

6.42

6. 38

6.39

6,39

6.38

6.37

6.32

6.40

6.34

6.28

6.27

6.26

6.23

6.20

6.38

6.2L

6.20

o. l-¿}

6.10

6.01

6.22

5.88

5.87

5.87

5.77

5.65

5.66

5.64

5.48

5.26

c. rl-

5. L0

5.09

5.O4

@ ccrne up time was 8 mlnutes
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TABLE 3. Ctranges in the pH of TGS medium inoculated
with rough and snooth mixed variants of
Bacillus stearotherrnophilus var. calidolactis.
heat activated at 110"C for varying lengths
of tjme. Incubation tþe and tenperature
was 180 minutes and 66"C, respectively.

pH change

Heat@
Activation

Time

(mins)

Incubation Timæ (mins)

90 I206030 150 180

1

15

20

30

45

OU

o.u+

6.il

6.60

6.56

6.52

6.53

6.il

6.il
6.æ

6.54

6.53

6.53

6.53

o.c+

6.45

6.48

6.47

o..!l

6. 50

6.48

O. J.J

6.32

6.25

6.28

o. Jl-

6.30

6.28

5.89

5.80

5.77

5.96

5.86

5.87

5.80

e. A1¿.=L

5.28

5.25

5.33

5.34

5.29

5.28

4.87

4.81

4.87

4.85

4.86

4.85

4.86

@ corne up time was 9 minutes
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FIGURE 3" Changes ín the pH of T.G.S. medium
ínoculated with pure rough, pure smooth,
and rough and smooth mixed variants of
Bacillus stearotherrnophilus var. calidolactis,
t'ãElãctiffi r5'iããJñua-
tion temperature was 65oC.

o-

70
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5.O

o 30 60 90

INC UBATION

t20 150
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t80
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Rough
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.@
HEAT

Activation
Time

(mins)

TABLE 4. Changes in the pH of TES medium inoculated
with pure srnooth variants of Bacillus
stearotherrnophilus var. calidoEEF heat
ffiorvalffiflngthéof
time. Incubation tjme^and ten¡lerature
was 180 minutes and 45"C, respectively.

pH change

Incubatíon Times (mins)

ICU30 180

1

t_Ð

20

30

bU

6.76

6.79

6.78

6.77

6.77

6.77

6"78

6.74

6.75

o. /l-

6.72

6.73

6.74

6.74

6.77

o. tL

6.74

6.77

6.7!

6.70

o. tL

o. o.)

6.62

6.59

6.62

6.62

6.62

o. or

o. +J

6.42

6.35

6.42

6.42

6.42

6.40

6.47

6.20

6. 09

6.47

6.t6

o. aD

5.86

5.87

5.83

5.88

5.88

5.88

5.87

@ corne up time was 1.5 rninutes

ffltsynvrniÞ
oF MAf¡lToEA

(lenRntÉ9
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in the simulated Delvotest@P method (Tables 5, 6, 7,8 and 9).

Optirnal heat activation conditions for the rough variants were

not established in this invesigation. Initially, tenperatures of

60o, 7oo, 8oo, 9oo, looo and loooc were used to induce activati-on of

the rough variant. 'lTrese tãrperatures, applied frcrn 1to 6 minutes,

failed to give optinn-rm activation as indicated by the pH changes in

TGS mediun (Tables 10, 11, 12, 13, 14 and 15).

Incubation tønperatures of 45o, 55o and 66oC rvere used in conjr:nction

with the various heat activation ccrnbinations. A tenperature of TOoC

for 15 minutes wa.s arbitrarily chosen for the heat activation of the

rough variant. An incubation tonperature of 45oC was cho;sen and the

duration of the test was exbended frorn 3 hours to6-6ä hours (Figure4).

Antibiotic Sensitivities of Rough and Srnooth Variants of Bacillus

(a) Simulated Delvotest@P Method

The minimr¡n inhibitory concentration of penicillin, chloramphenicol

tetracycllne and bacitracin dissol-ved in water as the diluent, was

determined for the pure rough and pure snooth variants of Bacillus

stearotherrnophilus var. calidolactis r.rsing a pH of 5.9 as a reference end

point. In additlon, the mininn¡m inhibitory concentration of penicillín

was deterrnined for the rough ancl snooth mixed (stock) variants. Figures

5, 6, 7 and.8 illustrate the pH changes in TGS medium (simulated Delvotest@

P medium) containing pure rough and pr:re sncoth spores, incubated with

the various antibiotics eoncentrations. The mini¡rum inhibitory concentra-

tion of penicillin, chloramphenicol, tetracycline and bacitracin

determined for the pure rough variant was 0.01 Iu/m1, 1.0 yg/ml, 0.05 Yg/mI

and 0.4 Tu/mL, respectively.
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TABLE 5. Changes in the pH of TGS medi.r¡n inoculated
with pure snooth variants of Bacillus
stearothermophilus vgr. catidõ]ffi
heat activated at 7O"C for va:ying lengths
of time. ïncubation tþe and tenperature
was 180 minutes and 55oC, respectively.

pH change

.@Heat
Activation

Time
(mins)

fncubation Times (mins)

6030 90 ]-20 150 180

fI

15

20

30

=U

OU

o. /J

o. /J

6.74

6. 14

o. /.j

6.74

6.73

6.72

6.73

6.72

6.73

6.73

6.73

6"73

6.72

6.72

6.72

6.77

6.72

6.72

6.73

6.71,

6.71,

6.71,

o. tL

^19
6.72

o. lõ

6.71,

6.74

o. (L

6.71,

6.72

o. tL

6.72

6.70

O.IL

o. tr

o. tr

6.72

o. t6

o.tI

6.77

6.75

6.77

6.77

6.76

@ corne up tÍme was 1.5 minutes
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TABLE 6. Changes in the pH of TGS medium inoculated
with pure snooth variants .of Bacillus
@Y81. .ca1idol?ctt,heat activated at BO"C for va:ying lengths
of time. Incr:bation ti4e and^tørperatg¡es
were 180 minutes and 45"C, 55"C and 66"C,
respectively.

Incubatlon
temperature

Activation@
time

(mins)
Initial pH Final pH

45oc

55oc

66oc

1

c

15

20

30

45

OU

1
I

l-Ð

20

30
ÂÉ,
=J

60

I

l_Ð

20

30

45

t)U

6.89

6.95

6.91

6.94

6.92

6.92

6.91

7.OO

7.O2

7.03

7.OO

7.03

7.O2

7.00

7.26

7.26

7.24

7.25

7.27

7.29

7.29

6.10

6.L4

6.08

o.L+

b. l-õ

6.24

6.20

o.vo

6.96

6.95

o.v I

6.98

6.98

6.99

7.22

7.24

7.22

7.22

7.22

7.23

7.23

@ ccrne up time was 3 minutes
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TABLE 7. Changes in the pH of TGS medium inoculated
with pure snooth variants of Bacillus
stearotherrnophilus var. calidõffiI hearacffiorvaffiffiffisof
ti¡e. Incubation time and ten¡ceratures
were 180 minutes and 55oC anA'OOoc.
racna¡i"*--l,-'-MIy.

Incubation
tarperature

@ACïLvat10n
time

(rnins)
Initial pH Final pH

Sboc

660c

1

15

20

30

45

60

1

5

l_Ð

20

30

60

Âq1

6.92

6.92

6.92

o. vJ

o. :rI

6.93

6.65

6.65

o. oo

6.62

o. oJ

6.69

o.ó I

b. õõ

6.88

6. BB

6.87

6.88

6.88

6.61

o.ol

6.67

^^1
o. or
6.62

o. oJ-

@ corne up time was 6 minutes
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TABLE 8. Changes in the pH of TGS medlum inocul_ated
with pure snooth varia¡ts of Bacillus
stearothermophilus var. ealidõlffi heat
activated at 100'C for varying lengths of
time. Incubation lime and tanperatr.¡re was
180 minutes and 66"C. respectivelv.

(ã)vACI]-VaI]-on
time

lmi nq \
Initial pH Final pH

1

15

20

30

Âtr,

OU

6.82

6.79

6.78

6.75

6.75

6.75

6.92

6.75

6.71

o. /.)

6.75

6.74

6.73

6.75

@ csne up time was 8 mlnutes
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TABLE 9. Changes in the pH of TC'S medium inoculated
with pure smooth variants of Baeillus
stearothernr¡philus var. calidõffi heat
ffiforv@@.hsof
time. Incubation tjme gpd tonpe¡atures
were 180 minutes and 45"C a¡d 66-C.
respectivelv.

Incubation
temcerature

Activation
time

(¡nins)
Initial pH Final pH

¡qo¡
=uv

66oc

1

5

15

20

30

45

60

1

5

15

20

30

45

60

6.96

6.94

6.98

o.v+
6.97

6.93

6.84

^ 
R9,

6.75

6.72

6.77

o.tr
6.75

6.94

o. vD

6.95

6.95

o.Y I

6.95

^oc

6. 38

6.43

6.40

6.49

o. ¿*.)

^ 
4l

o. +J-

@ come up time was 9 minutes
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TABLE 10. C?ranges in the pH of TGS mediun i¡oculated
with pure rough variants of Bacitrlus
stearothermophilus var. caliõffi, heat
^^+:-*+^i ^+ ^^Or'i 

+^* .,^*,j-^ 'l^-.¡flra nfactîvat-eilat 60"e for varying lengths of
time. Incubation time and tarperature was
180 minutes and 45"C respectively.

@
ACt]-VAt]-on

time
(mins)

Initial pH Final pH

l-Ð

6.95

6.95

6.95

6.95

6.93

6.95

6.90

6.90

6.91

6.90

6. 89

6.90

6.90

20

30

OL,l

@ corne up time was 1 rninute
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TABLE ll.Changes in the pH of TGS medir.rn inoculated
with pure rough variants of Bacillus
stearothermophilus var" califfi, heatffiorvaffãffiffisof
time. Incubation time p¡d tanpe¡atr:res
were 180 minutes and 45"C and 55"C.
romoat j
* --¡,---rvety.

Incubation
tørperature

@
ACtavaT]-on

time
(mins)

Initial pH Final ph

 soc

--o^Ðcu

1

5

15

20

30

^È.=U

OU

1

ID

20
en

45

OU

6.75

o. /Ð

6.74

6.75

6.74

6.74

6.74

6"76

6.77

6.77

6.75

6.76

6.76

6.75

6.67

6.67

o. oo

o. oo

6.64

6.64
hh4

6.70

6.70

6.70

O.IL

6.72

6.72

6.72

@ come up tlme was 1.5 minutes
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TABTE 12. Cha¡ges in the pH of TES medium inoculated
r,vith pure rougtr variants of BacÍl1us
stearothermophilrs var. caliõffi. heat
ffiorva^rffi-@tñèof
time. ïncubation tirne 2nd tenperatr.lres
were 180 mi¡utes and 45oC, 55oð, and 66oC,
resþecI]-vel-v.

fncubation
tenperature

Activation@
time

(mins)
ïnitial pH Final pH

45oc

--o^cÐu

nnOnoou

1

15

20

an

=ù

60

1

15

20

30

45

60

l_Ð

20
all

OU

6.91

6.92

6.92

6.94

O. YJ

6.92

6.97

7.O2

6.97

6.99

6.99

7.00
AqR

6.99

t.Lv

7.22

7.79

7.27

7.21,

7.22

7.20

6"97

6.92

6.91

6"97

o. vJ

6.91

6.91,

6.96

6.97
Âoc

6.96

6.97

6.96

^oa

7.17

t.Lo

7.18

7.77

7.77
o 1-I "rt
7.18

@ corne up time was 3 minutes
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TABLE l3.Changes in the pll of TGS medium inoculated
with pure rough variants of Bacilh:s
stearothermophilus var. caliõlFtË. heat
activated at 90"C for varying lengths of
tùne. Incubation time pnd terpe¡atr.rres
were 180 minutes and 55"C and 66"C
respectively.

Incubation
tgnoerature

tñ
ACtr_vat10n

time
lmi nq \
\.¡*.¡v /

Initial pH Fina1 pH

--o^ 1

5

15

20

30

45

bU

1

5

15

20

30

=!

60

6.88

6.84

6.87
â, 4,7

6.85

6.86

6.86

6.67

6.68

o. þo

o.o/
o. oo

6.74
hhx

b. õ4

o. ör

6.82

6.82

6.83

b. ör-

6.62

6.62

o. oJ

o. or

o. oo

6.65

o. oo

@ ccrne up time was 6 rninutes



TABLE 14. Ctranges in the pH of TGS mediun inoculated
with pure rough variants of BaciLlus
stearothermophih:s var. calidolactis, heat
ffi for varying lengths of
time. Incubation time and tarperature wa-s

180 minutes and 66"C resPectivelY.

@
ACt]-vatlon

time
(mins)

Initial pH Final pH

1

5

l-D

20

30

45

60

6.72

6.73

6.73

6.72

o.lL

6.72

6.70

o.ov

o. o.*

6.65

6.æ

6.62

o. oc

6.62

@ ccme up time was I minutes
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TABLE 15. Changes in the pH of TGS medir¡n inoculated
with pure rough variants of Bacillus
stearothermophiLus var. caliõffi. heat
ffiforv@rsof
time. Incubation tÍme qnd tarpe¡atures
were 180 minutes and.4b"C and 66"C, respect-
ively.

Incubati-on
tsnperature

@act].vatron
tirne

(nins)
Initial pH Final pH

^-o^+Ðu

^^o^

1
I

20

30

45

(]U

1

15

20

45

60

6.97

6.94

o.Y I

6.97

6.96

6.97

6.95

6.43

O. JI

6.40

o. tü

6.40

6.42

6.42

6.97

6.94

6.96

6.96

6.96

6.97

^ 
ori

o.+t
6.31

6.38

6.ß
6.40

6.42

6.42

@ corne up time was g rninutes
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TTre pure srooth variants on the other hand showed minirnum

inhibitory concentrations of 0.10 Iu/mI penicillifl, 1.O yg/rf, chforam-

phenicol, 0.02 yg/tl tetracycline, and 0.4 Iu/m1 bacitracin. The

minimtrn inhibitory eoncentrations of bacitracin and chloranphenicol were

identical for both the pure snooth and pure rough va¡iants.

Although the pure snroth variant was sornsrhat rnore sensitive to

tetracycline as ccmpared to the pure rough variant, the greatest

difference in antibj-otic sensitivities between the spore variants occured

with penicillin; the rough variant wâs approximately ten times rnrre
@

sensitive as conipaxed to the srnooth when the simulated Delvotest P

method wa,s utilized (Table 16).

Fi4re 9 illustrates the pll changes in TES medium inoculateci with

mixed snrooth and rough spores (stock) containìag 0.004 Iuirril penicillin.

This level of penicillin was determined to be the mi¡i¡num inhibitory

concentration for the stock spores. Ttre pI{ changes of actual Delvotest@

P ampoules inoculated with 0.004 Iu penicillin/m1 are also illustrated

in Figtrre 9.

Ttre sensitivities of pencillin, chloranphenicol, bacitracin, tetra-

cycline, dissolved ín flo pasteurized milk as the diluent, were not

evaluatedagainst the pure rough and the pirre snooth variants because of

the buffering capacity ochibited by the diluent. Ttris buffering capacity

retarded ¡:,iI changes, and as such, the reference end point could not be

attained within the time specification of the test.

Figure 10 illustrates the pEi change in TtS medium inoculated with

pure rough and pure snooth variants of Bacillus stearotherrnophilus devoid

of any dissolved antibiotics. These controls were made up to appropriate

volumes nsing either flo pasteurized milk or distilled water.
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TABLE 16. l¡linirm¡n inhibitory concentrations of various
antibiotics on pure rough and. ptrre gnooth
variants of Baeiltus stearothermophilus v¿Lr.calidolactis top
method.

Antibiotic MinÍmum Inhibitory Concentration

Penicillin

Chloramphenlcol

Tetracycline

Bacitracin

(stock) 0.004 Iu/m1
(snooth) 0.100 lu/m1
(rough) 0.010 Ïu/ml

(smooth) 1.0 pg/nL
(roush) 1.0 pg/mt

(snooth) O.02 pg/nL
(rough) 0.05 ys/nt

(snooth) 0.40 lu/ml
(rough) 0.40 lu/ml
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@
Sirrmlated Del-votest P tests containing water as the diluent shc¡,ved

a final pIJ of 5.4 and 5.5 for the rouççh and the snooth variants,

respectively, vrtrile those simrlated Delvotest@P tests containing milk

as the diluent showed a final pH of 6.3 and 5.9 for the rough and the

srn¡oth varJ-ants, resPectivelY.

(b) Disc Assay Method

Ttre minimrxn inhibitory concentrations of penicillin, chloramphenicol,

tetracycline and bacitracin for the pure rough varia¡t, examined by the

disc assay procedure were 0.004 Iu/mI, 1.0f g/nil, 4O.O yg/ml and 35 lu/m1,

respectively. These antibiotics were freshly prepared usi-ng distilled

water as the cliluent. T/hen the antibiotic concentrations of peniciflin,

chlorampheni-col-, tetracycline and bacitracin were preparecl using 2Írâ'

pasteurized milk, the minjmum inhibitory concentration detected for

the prre rough variant was 0.008 lu/ml, 1.0 pglnL, 30 ¡'rS/rnl and 35 lulmL,

respectively (Table 17).

Figqre 11 illustrates the zone of inhibition produced by the pure

rough variants of Bacillus stearotherrnrcphilus var. caf-idolactis seeded

into 1yG agar, using a disc assay method. The sterile disc was impregnated

with 0.0O4 Iu/mI penicillin.

Ttre pure gnooth variants of Bacillus stearotherrnophilus var. calidolactis

shc¡ved a minirrnrm inhibitory concentration of 0.005 lu/m1 penicillin,

L.O yg/n\ chloramphenicol, 2.O ye/m\ tetracycline and 40.0 lu/ml bacitracin'

These a¡tiþiotics \ryere freshly prepared and suitably diluted using

distilled. water. The mi¡irnum inhibitory concentrations detected for

antibiotics dissolved in pasteurized. fl" milk lvere 0.01 Ïu/ml penicillin,

a.O yg/mt chlorarryrhenicol, 2.O ye/nl tetra.cyeline and 40 Iu/mI bacitracin

(Tàble 17).
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Figure 12 illustrates the zone of inhibition produced by the pure

srnooth variants of Bacillus stearothernpphÍlus var. ealidol-actis seeded

into TYG agar using a disc assay method. The sterile disc was impregnated

with 0.005 lulml penicillin.
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FIGJRE 11 Zbne of inhibition on TYG agar media using
a disc assay procedure seeded with pure
rough variants of Bacillus stearotherrnonhil_us
var. calidolactis.
Iulml-þffiffi. (Disc diamãrer - L2.70 mm)
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FIGI]RB 12. Zone of inhibition on TYG agar media using
a disc a.ssay procedure seeded with pr:re
gnooth variants of Bacillus stearothermonhilus
var. calidolactis.
ru/ml@lTiìn. (Disc diam"eter - L2. ZO m)
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Antibiotic Sensitivities of lvlixed Variants of Bacill-us stearotherrnophilus
var. calidolactis

(a) Simulated oefvotesPP Method

TGS media inoculated with the following proportions of pure rough

and pure glpoth spores, 1007oR:07oS, 8@oP.:2q8, 6ØoR:4Ø8 and 4ú&.;60fl"S,

all shcxved varying pH changes dr.rring the Íncubation period. The final

pH attained after approximately 6å hours was S.dt. TC"S media

inoculated witln 2qe:807,¡S gave d{ changes characteristic of a pure

snooth population (Figure 13).

(b) Disc Assay llethod

Petri plates seeded with varying proportions of the rnixed variants

of Bacillus stearothermonhil-us var. calidolactis all showed a mini¡num

inhibitory concentration of 0.005 lu/nú, penicillin, 1.O ye/rrf, chloram-

phenicol, and 4 lu/m1 bacitracin (Tbbles 18, 19 and 20). Double zones

of inhibitions were observed vtren  O ye/nil tetracycli¡e was used (Tab1e

2L).

Plates seeded with 10O7o of the pure rough variant gave a zone of

inhibition wt¡ich indicated the level of mininn¡n inhibitory concentratÍon

of tetracycline (FigUre 14 Zane A) v¡hile plates seeded with 1007o pure

snooth varia¡t spores gave an average zone diameter of 27.O nm (Figure 19

Zane B). Plates seeded with mixed spore variants gave two zones of

inhÍbitions, each characteristic of the mixed proportion of the variants

used (Figures 15,76,77 and 18)

Effects of Surface/Volune Ratio on the $I changes of Tf"S Medium

$rre< test trlces varying i¡ their surface to volume ratio rvere used
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' TABLE 18. Effect of 0.005 Iu/mI penicillin on various
mixed varia¡t proportions of Bacillus
stearothermophilus var. calidõllffi using
@ionmeffil-

Mixed Variant koportionso Zone Diameter (nm)a

cfl, a 10cø, s

2W" R 8C7o S

4W" R" 6q" S

6ú" R 4q" S

808" R 2q" S

10cr/o R cfl, s

1^ 
^

1A

1A 
^

74.O

14.0

t A11 zone diameters were measurect both vertically and horizontally
to the nearest millimeten and represent the average of duplicate
discs on triplicate plates.

o All mixed proportions of the ãough ancl snnoth variants contain a
final concentration of 2 x 70- activated spores/m1.



n/1¡=

TABLE 19. Effect of 1. O pg/nil chloraruphenicol on various
mjxed variant proporti-ons of Bacillus
stearothermophilus var. calidolac-tis, using
a-disc agar diffusion method.

h
lllixed Variant Proportions"

A

Zone Dia¡neter (nrn)*

Ø"n

2q" R

a(pt^ R

6q" H

80øo R

10øo R

1OWO S

8C7o S

607" S

4úo S

zqo S

ø"S

14.0

74.O

'l/1 
^

1A 
^r=. v

1/1 
^

l_+. u

" All zone dj.ameters lvere measured both vertically and horizontally
to the nealest millimeter and represent the average of duplieate
discs on triplicate Plates.

o All mixed proportions of the ¡ough and snooth varíants contain a

final concentration of 2 x 10" activated spores/ml.
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TABLE 20. Bffect of 4.0 Iu/ml bacitraci¡ on various
mixed variant proportions of Bacillus
stearothermopniruè var. calidõETÏs, usingÈ 9V4 V Utr9r¡¡¡VV¡¡+
a disc a"E'ar diffusion method.

Mixd Varia¡rt koportionsb Zone Diameter (nrn)a

Ø"n

2q" R

4qp R

6qo R

8q" R

100ø0 R

10Øo S

807" s

6qo S

4q" S

2qo S

úrS

r+. c

a4.o

t4 ll

74.O

I¿}. U

All zone diameters rtrere measured both vertically and horizontally
to the nearest millimeter and represent the average of duplicate
discs on triplicate plates.

t^
" All mixed proportions of the 6ough and snooth variants contain a

final concentration of 2 x 10" activated spores/ml.
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TABTE 21. Effect of 40 p g/rril tetracycline on various
mixed vari.ant proportions of Bacillus
stearothernrophilus var. calidõffiE using
@onmethod-

^Mixed Varia¡t koportions" bne Diameter (nrn)a

Ø"A

2.q" P"

4q" P"

6q" R

8Cq" R

1007" F.

10ryo s

80fl, S

6q" S

4(9. S\

2q" S

CE" S

lE n

16.0

16.0

l_o. c

27.O

26.5c

27.0c

27.Oc

27.0c

t Alt zone diameters were measurd both vertically and horizontally
to the nearest millimeter arrl represent the average of duplicate
discs on triplicate platês.

o A11 mixd proportions of
final concentration of 2

" T\¡a zones observecl-

the 6ough and gnooth variants contain a
x 10" activated sç.ores/mI.
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FICilRE 14. Zone of inhibition on TYG agar media using
a disc assay procedrre seed.ed with 1007o rough
variants of Baci llus q!_qarotherrnoBh:ihþ var.
calidolactis@ã)@n _
40 pg/nù tetracycline. (Disc diameter
L2.7 0 mm)
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FIGURE 15. Zone of inhibition on TYG agar media using
a disc assay procedure seeded iÃ/-ith 80% rough
(Zane A) and 2úo snæth (Zone B) variants of
Bacillus stearotherrnophih.rs var. calidolactis.

-

Disc impregnation -  O yg/ml tetracycline.
(Disc diameter - L2.70 mm)
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FIGURE 16. Z,one of inhibition on TYG agar media using
a disc assay procedure seeded with 6070 rough
(7nne A) and 4070 snooth (Zone B) variants of
Bacillus stea¡otherrnonhilus var. calidolactis.
Dïsc ñ:lpr@ tetrãõfrõIffiI-
(Disc diameter - L2.70 mm)
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FIGURE 17. Zone of inhibition on TYG agar media using
a disc a.ssay procedure seeded with 4Wo
rough (7nne A) and 607o snooth (Zone B)
variants of Bacillus stearotherrnonhilus
var. ca.r.i4oJã¡m:Ði@
+o ¡,'gþT@rine. (Disc- diameter
12.7 0 nm)
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FIqßE 18. Zone of inhibition on TyG agar media üsing
a disc assây procedure seeded r,vith 2O%RouAh
(Z,one A) and 8Ofl,Snooth (Zone B) variants of
P?"i11="" stearotherrnrphihis var. calidolactis.
Ðrsc impregnation - 40 pg/n1 tetracycl_ine.(Disc diameter - 12',70 mm)
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FIGIIFE 19. Zone of inhibÍtion on TYG agar media using
a disc assay procedure seeded with 1007o

Smooth (Zane B) variants of Bacillus
stear@ilus var. cjr@IñÐis.

-
Disc inrpregnation - a0 pgþf-tEi@1ine.
(Ðisc diameter - L2.70 rm)
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,89
to d.etermine their effect on the pII ctranges of Bacillus stearothertnophilus

var. calidolactis incculated i¡to TGS mediurn. No variations were

observed for the varying surface to volune ratios employed for the pure

mooth (f igure 20 ) and. the pr,lre rough variants (Figure 21).
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DISCUSSION

Ttre rough and snooth mixed spore v-ariants (stock) of Bacillus

stearotherrnophilus var. calidolactis were optimally heat activated in

distilled water at 110oC for 15 minutes. TTre observed heating time

did not include the initial ccrne-up-time of 9 minutes. Although a

heating time of 15 minutes was used, only minimal differences in spore

stock activation were noted when the time of heat activation was either

decreased or íncreased, as evidenced by the final pH of the TGS media

+(4.81- .2O) at 180 minutes of incubation. Finley and Fields (1962)

working with twostains of Bacillus stearotherrnophilus NCA 1518, also

showed that their spore suspensions could be heat activated at 110oC

for 9 - 15 minutes, based on viable plate count data. These researchers

suggested, however, that the degree of s¡rore activation was strain and

suspension dependent.

Ttre criterimfor optimun heat activation used in thÍs investigation

was not, however, based on viable plate count data; optimal heat activa-

tion was deternined as a function of pH response r.rsing simulated Delvo-

t"=Pp media. The rate of pH change as well as the final pH attained in

the TC'S mediwn provided the basis for optirmn heat activation.

Tirne-tenperature conditions established for optimal activation of

the spore stockwerenot evaluated against viable plate count data, there-

fore the optimal heat actÍvation conditions described for the spore stock

may not provide optimal conditionsfor viable plate count evafuations.

Ttre assr-rnption that the rate of acid production, within a specified period
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of time, coul-d be directly related to the m¡nber of viable vegetative

ce11s resulting frcm spore activation, is not, however, totally correct.

Fields (1966) working with rough a¡d snooth variants of Bacillus

stearothermophilus NCA 1518 has already shown distinct differences in

the generation times, and a.cid producing capability of these variants.

In addition, Johnson et aI. (1966), Shafia (1966), YuIe and Barridge

(7976), and Sharp et al. (L979), have reported the presence of bacterio-

cinogenic strains of Bacillus stearothennophilus which l¡/ere specific for

other strains of Bacillus stearothermophilus. Ttre presence of thernrccins,

possibly varÍant a^ntagonistic, could influence the grovrth of one variant

wtren grovnr in a mixed population.

Hill and Fields (!967a), also showed t]nat a mixed population of

the two varia¡ts always became predorninantly snooth within a few hours

of incubation. Although the relative proportions of pure rough and pure

snooth variants in the spore stockwere not evaluated, repeated isolation
fî,

of the spore stock frorn Delvotest-P ampoules in this investigation yielded

the same optinn-rm heat activation parameters. These parameters did not

change during the course of this investigation wtren the spore stock was

stored at 4oC.

Heat a.ctivation at gOoC and 10OoC, rqardless of the activation time

ørployed, was sub-optimal for spore stock sus¡rensions. Increasing the time

of activation frcrn 1 to 6O minutes at these tarperatr:res did,however,

increase the heat activation effect as evidenced by a progressive decrease

in the final pH. No deactivation was observed wtlen the stock spores were

subjected to these tentperatr.lres.

Bacillus stearothermophilus var. calidolactis

TOoC for 15 minutes. The observed heatj¡g

Ttre pure snooth variants of

were optimally heat activated at
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time did not include the initial cone-up-tiJne of 1.5 minutes. Minimal

differences in the activation of the pure snooth spores were again noted

wfien the time of heat activation was varied from 1 to 60 minutes
+

(pH 5.8F.02). It wa,s observed in these studÍes that the tenperature of

incubation influenced the acid production of the activated pure snooth

spore. Incubation at 45oC was found to be optimal for acid production;

incubation tønperatr:res of 55oC and 66oC progressively decreased the rate

of acid production for the activated pure snooth spores. Incubation at

66oC showed no pH ch,ange w'ithin the incubation period, despite heat

activation. Heat activation at 80o, 9oo, 10Oo and 110oc wa*s sub-optimal for

theptire snooth spores.In all cases, however, an incubation tenperature of

45oC was found to be optimal.

qptimâl heat activation conditions for the pure rough variant were

not established in this investigation. Heat activation tønperatures of

7oo, 80o, 90o, 10oo and 11ooc using heating times of 1 to 60 rninutes,

failed to yield significant pH responses in the TGS mediun. Incubation

tenperatures of 45o, 55o and 66oC were used in combination with the

varior.rs heat activation tenperature-time conditions.

Since it is lsrown thrat at least three main sequential processes are

responsible for the changing of a dormant bacterial spore into a vegetative

cel1, and that these processes are fundâmentally different frorn each other

and often exacting in nutritional requirønents (Keynan & Evanchik, 1968),

there rernains the possibility that the heat activation conditions for the pure

roughspofecould have been established, but that germination and subsequent

outgrowth did not occur, or occuredvery slowly.

Microscopic examinations were not performed, however, to verify

'wttether activation occr¡red within the heated pure rough populations. An
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activation tønperature of 70oC for 15 minutes was arbitrarily chosen

for the heat activation of the rough variant. Ttre time of incubation

was octended to 6f, hours in order to achieve the desired pH change

(5.4).

Þrbending the incubatÍon time to 6 - 6+ hours could perhaps reflect

a difference in the gror,vbh rate of the individual varia¡ts. Fields

(1966), HiLl and Fields (!967a), working with BacÍ11i¡s stearothern¡cphilus

NCA 1518, showed that the pure sriooth variant grew faster fron the spore

inocuh¡n than the rough variant, ând also produced more acid than the

rough variant type. Oxygen tension was shown to affect aeid production

of the rough variant.

Radiorespircrnetric studies perforrned by Hill et aI. (7967), also

showed differences in the pathway of glucose metabolign between the pure

rough and pure snooth variants of Bacillus stearothemophilus NCA 1518,

'¡ùrich could e>rplain the differences in acid production between the spore

variants.

Once the heat activation conditions were established, or arbitrarily

assigned, the antibiotic sensitivities of the heat activated spore variants

were evah¡ated witþ penicillin, chloranphenicol, tetracycline and
/â\

bacitracil, using a si¡nr-rlated Delvoteslp and. disc assay method.

Using the si¡nulated Delvot"=Pp method and water as the antibiotic

diluent, the results indícated that the rough variant was appïoximatel5z

tentinresnìore sensitive to penicillin as conpared to the snroth vari-ant,

as shown by their mininn¡n inhibitory concentrations, 0.01 and 0.1 lu/m1,

respectively. The stock spore suspension (mixed rough and snooth) showed

sjmilar minj¡rmm inhibitory concentration of penicillin to the ccnmercially

available Del-votestôP ampoule (0.004 lulm1).
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Although a slight diffeu'ence was observed in the minirm-m inhibitory

concentration of tetracycline between the pure snooth and the pure

rough variants, 0.02 and 0.05 ¡e/rnl res¡rectively, these concentrations

were 3å to 4 times more sensitive than the sensitivities reported by

Gist Bnocades N.V. Ttre mini¡rrurn inhibitory concentration of chloramphenicol

for both the pr.lre rough and pure snooth was the same (1 yglnrl). 'lTtis

mininnrm inhibitory concentration was none-the-tress I to 1O times nx¡re

@

sensitive than the Delvotest-P method as re¡rcrted by Gist B¡r'ocades N.V.

No differences were observed in the minimrrn inhibitory concentration

of bacitracin wtren tested against pure rough and pr.rre snooth variants

(O.40 Iu/mI). This mininn-rm inhibitory concentration wa.s, however, 4 to 6

times less sensitive than that reported by Gist Brocades l{.V.

\t{hen úo pasteurj_zed milk was used as the diluent in a si¡ru]ated
fa\

Delvotest-P method, the mininn¡n inhibitory concentration of these antibiotics

could not be established using the criteria al-ready established for this

test i.e. attainment of a reference end point in (2È to 3) and(6,to 6å)

hours for the pure snooth and the pure rough variantsrrespectively,

because of a noticeable buffering effect extribited by the mi1k" ThÍs

buffering effect retarded the pH changes extríbited by both the pure rough

and the pgre snooth variants, when incubated with the mininrum inhibitory

concentration of those antibiotics established using water as the dil-uent.

îrerefore, antibiotics dissolved in milk gave a buffering effect wttich

wa"s apparent uhen canpared to their counterparts i.e. antibiotics dissolved

in water.

Using the disc agar diffusion test, the sensitivity of both the

p¡re rough and pure srnoth variants tested against bacitracin was 35 Iu/mI

a¡rd 40 lu/ml, respectively. The rnininn¡¡ inhibitory concentration in this

test procedure was, however, 100 times less sensitive as ccûlpared to the
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The mi¡i¡rmm inhihitory concentration of the various antibiotics

on the pure rough and pure srpoth variants of Bacillus Stearotherrnophilus

using a disc assay method showed scrne differences depending upon the

nature of the a¡tibiotic diluent. TLre greatest differences in minj¡n¡n

inhibitory concentration occurred with penicillin. When water was used

as the antibiotic diluent, the minimr¡'n inhÍbitory concentration for the

snooth and rough variants was 0.005 and 0.004 lu/ml, respectively. These

mininn¡n inhibitory concentrations both showed inhibition zones of 14.5 nm.

Ttre mini¡rn:m inhibitory concentration of the pure snooth and the pure

rough variants, when tested against penicillin dissolved in flo pzstevtízú'

mi1k, shcxved values of 0.01 and 0.008 lu/rnl, respectively. These minimum

inhibitory concentrations showed zones of j¡hibitj-on corresponding to 15.0

and 14.5 nm, respectÍvely. Differences in sensitivity of the variants due

to the nature of the antibiotic diluent could largely reflect the diffi-

culties i¡ discerning the mini¡rum persceptible zones of inhibition,

exaggerated by the highly sensitive nature of Bacillus stearotherrnophilus

var. calidolactis to penicillÍn.

Busta and speck (1965), Busta (1966), Ashton and Busta (1968) and

Ii4ayou and Jezeshi (1977) sÏpwed that milk contains an inhibitor (possibly

the casein fracti-on in míIk) wtrieh prevents germinaton and/or outgrowth

of Bacillus steare!Þernopþlfus spores. It is possible that this explanation

nøy apply to the results obtained with penicillin, but not with tetracycline,

because of the highly sensitive nature of the test organisn.

Ttre differences in antibiotic sensitivity between pure rough and pure

gnooth variants, v¡hich in turn reflect the minimal detectable concentration

leve1s of antibiotics, could perhaps delineate the various differences

already established i¡ the ultrastructure, metabolisn and biochernical
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properties of the spore variants. Conversely, the lack of differences

in antibiotic sensitivities may be due to similarities in ultrastructure,

metabolisn and biochernical properties of the spore variants. These

differenees and similarities in the antibiotic sensitivities of the

varia¡t populations, could be erplained by the nnde of action of the

various antibiotics and in particular, their selective target sites.

Differences in the antibiotic sensitivities between the pure

va¡iant lines and mixed stock variant can be partially ex¡plained by non-

associative and associative growbh,respectively. Hill and Fields (7967a)

demonstrated differences and si¡nilarities in the generation time between

the pure lines and the mixed spore variants. These similarities and

differences vüere dependant upon the dcrninant variant in the mixture.

In addition, it is quite conceiva.ble that a mixed population of

rough and sr¡coth spore varia¡ts could undergo transitional nmtation.

Intermediate spore variants, representing a transition frorn rough to

sncoth or vice versa. could exfiibit antibiotic sensitivities wtrich are

different frcm either of the pure variant types. Tïris phencrneron was also

shown to exist when a nrixed population of 507o pure rough and 507o pure

snooth variants was heat activated at 110oC for 15 minutes. Ttre

resultant heat activated mixed spores failed to give a pH pattern in
(ò

DelvotestT medium characteristic of the spore stock (rough and snooth

mixed) varia¡ts of Bacillus stearothermophilus. 1Ïrerefore, in order to

evaluate mixed spore variants gro\fir associatively, it is imperative

that the conposition of the initial s¡rore inoculun and growth conditions

be the same and/or sSmclronous growth be maintained. In this way, the

m¡nber of rough, snooth and transitional intermediate variants will be

maintained.



with varying proportions of mixed variants of Bacillus

qq

inoculated

stearothermophilus

pH trends similarvar. calidolactis containing no antibiotics, extribited

to either the pure rough or the pure snooth variants.

Spore poputations of 100% pure rough, 807o rough:2O7o sra¡oth, 60% rough:

40% snooth and 4Úo roragh:60% gnooth exhibited si¡nilar pII patterns vfiile

mixed spore populations of 20% rough:8O7o smooth, and 100fl, pure snooth

also exhibited si¡nilar pH pattems. Theoretically, the mixed populations

containi¡g 4W" rough:60% snooth should have exl:ibited pH changes similar

to 2O7o rough a¡d 80% snooth due to the predominant, faster growing gnooth

variant. It is assumed that the pH change exhibited ís reflective of

the dcrninant varia¡t of the mixed population. It is not hrowrl however, if

these pH changes also reflect innate characteristics of transitional

variants, if indeed transitional variants were produced during the

incubation period.
q,

Ttre simulated Delvotesf P method ua.s not used, however, to evaluate

the antibiotic sensitivities of the various proportions of mixed variants,

since the results obtai¡ed with the controls indicated a pII pattern largely

dependant upon the dcrnínant variant in the mfuçlure. Ttre pH trends of

these various proportions of mixed va¡iants would be ex¡lected to follow

the same pH pattern of the least sensitive variant for each antibiotic

tested. Ttre differences in antibiotic sensitivities between the varying

proportions of the mixed variants were tested against tetracycline using

a di-sc agar diffusion method.

These various proportions of nrixed variants wllen evaluated against

aO ye/nú tetracycline showed trvo zones of inhibition. These zones of

inhibitlon were charaeteyistic of the more sensitive variant present in

@
Changes in the pII of si¡rulated Delvotest P media,
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the mixtr.rre. Increasing the proportion of snooth variants in the

mixbure subsequently led to a "phasing in" of a zane of inhibition,

characteristic of a pwe snooth population.

No differences in pH changes were observed when varying surface to

volune ratios of TGS media were Ínoculated with pure snooth or pure

rough variants of Bacill-r:s stearothermophilus. Iong and i{illiams (1959)

dsr¡cnstrated in their studies the importance of varying the surface

exposure of broth grCIfir cultures of Baci[us steârothermophilus to

atrnospherlc oxygen. These researchers showed that vfrren strict thermo-

philic strains of Bacillus stearothermophilus were gro\Mtì at sub-optimal

tønperatures, increased surface to volune ratios increased the growth

of these cultures. The lack of significant differences in pH change

using the varior:s surface to voh¡ne ratios would tend to indicate the

negligible effects of any real differences in pH observed between

@@
sinmlated Delvotest and csnnercially available Delvotest P ampoules,

due to physical constraints.
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SUI\TMARY AND CONCLUSION

Pr:re lines of rough and snooth variants of Bacillus stea¡othermophilus

var. calidolactis, subcultured frorn ccnmercially avaílable Delvotest@P

am¡rcu1es, were heat activated and subsequently evaluated for their

antibiotic sensi-tivity against penicillin, chloramphenicol, tetracycline
@

a¡d bacitracin using a sirmrlated Delvotest P and disc agar diffusion

method. Tkre following results were obtained in this investigation:

1. The stock spore culture (rough and s"nooth mixed) were optimally

heat activated at 110oC for 15 minutes.

2, The pure sn¡oth spore variants were optimally heat activated

at TOoC for l-5 minutes.

3. The pure rough spore variants were heat activated at TOoC for

15 rninutes. Ttris tjme-tern¡lerature relationship ¡,vas arbitrarily

assigned to the variant, since optirrum heat activation conditions

were not established.

4. The minimrrn detectable concentration of penicillin detected by the

stock spore cultures using a sj¡¡n-rlated Delvot""t@P method was

0.004 Iu/ml.

5. TTre minjmal detectable concentration of penicillin, chloramphenicol,

tetracycline and bacitracin dissolved in waterrdetected by pure
@

snooth variants using a sirmrlated Delvotest P method, w-as 0.10 Iu/m1,

1.0 ¡g/m1 , O.O2 lg/m\ and 0.40 lu/mlrrespectively.

6. The minimal detectable concentration of penicillin, chloramphenicol,

tetracycline and bacitracin dissolvecl in water, detected by pure
@

rough variants using a si¡rn-rlated l)elvotest P rnethod, rvas 0.01 Iu/ml,
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1.0 ¡slml, 0.05 ß/nt and 0.40 Iu/mlrrespectively.

7. The minimal detectable concentration of penicillin, chloramphenicol,

tetracycline and bacitracin dissolved in water, detected by pure

srrooth variants r:sing an a.gar diffusion method was 0.005 Iu/ml,

1.0 ¡S/rnl, 2.O ye/mt and 40 lu/mlrrespectively.

8. The minimal detectable concentration of penicillin, chloramphenicol,

tetracycline and bacitracin dissolved in water, detected by pure

rough variants using an agar difftrsion method was 0.004 lu/m1,

1-.0 ye/nL, 40 ye/m1 and 35 Ïu/m1,res¡lectively.

9. The minimal detectable concentration of penicillin, chloramphenicol,

tetracycline and bacitracin dissolved in fl" pastevrized milkrdetected

by pure snooth variants using an aEàT diffusion method was 0.01 Iu/ml,

I.0 ye/ml-, 2.O lrg/nt and 40 lu/rnl,respectively.

10. The minimal detectable concentratj-on of pencilliq chloramphenicol,

tetracycline and bacitracin dissolvecl in flo pasteuri-zed milkrdetected

by pr.rre rough variants r;sing an aga.r diffusion method was 0.008 Iu/ml,

1.0 ¡slm1,30 ye/ml and 35 Iu/ml,respectively.

11. Varying proportions of mjxed variants viz. 100Øo Smooth, 80% Snooth:

2ú" Baug:h, 60% Snooth:40% Rougkl,  OVI Srnooth:60% Rough, 2Olo Smooth:

807" Roueh, and 100% Rough, vfien tested agatust 40 yelmJ- tetracycline

gave either one or two zones of irùribition depending on the dornina¡t

spore varia¡t present.

72. The surface:volume ratios showed no effects on the perform.ance of

the sirnul-ated Delvot""S method.

The differences in antibiotic sensitivitÍes between the pure rough,

pure snooth ancl mixed variants of Bacillus stearothermophilus var.
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calidolactis have sugested several possible aleas of concern Ín the
E\

perfoïînance of the conmercially available Delvotest"P method. Rough

and. snooth spore variants, if indeed present, in conmercially available
rel

Defvotest-P ampoules could affect the sensitivity of the test in one

Of twO \,vays:

(a) dependent on the daninant va¡iant present, the time specification

for the test may be altered, due to differences in generation time of

the vari-ants, a¡d

(b) dependent on the presence and/or proportions of both rough and smooth

variants, the minimal detectable concentration c¡uld be altered to reflect

the more sensitive variant tyPe.

These effects could be further aggravated if stable or transitional

rm¡tations occured during the perforrnance of the test and/or during any

pre-incubat j-on procedures .
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