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INTRODUCTION

Botulism is a constant threat to those who proecess foods.
Pne low acid foods have caused many ocutbreaks. “hen outbreaks occur
in meid foods which are generally believed to be immmne, investigs-
tions are usually started to determine the cause. Among varlous
procedures whiech may be used 13 the expsrimentel preperation and
‘inoculation of the food in question with detoxified spores of Clos~

tridiwn botulinum under various conditiona of preparation and sto-

rage to include the important varlables. Cottage cheese is in this
category because 1t has been incrimlnated In outbreaks of botullsm
on epidemiclopgical evidence which, lacking conclusive bacterlologli-
cal supporting data, has not been entirely convineing. The few at-
tempts to determine whether or not one may obtain experimental evi-
dence of botulism csused by cottage cheese have resulted in conflic-
ting conclusions. Cottage cheese 18 generally an acid product and
might be considered to be free of any hazard. The several outbreaks
whieh have been sttributed to 1, especially one by Revln, prompbted
the investigations, results of which are reported in this thesis.



HISTORICAL REVIEW

'Botulism 13 an acute toxemia with = high mortality rate
céused by ingestion of the exotoxin produced by the anaerobie micro-
organism, Clostridium bobtulinum. The disesse was first described
and recorded in 1735, according to Dickson {1918). The name was
taken from theo Latin word botulus, meaning a sausage, since that was
the foodstuff incriminated in most of the early outbreaks of the di=~
sease. Indeed, for many years 1t was known as "sausage poisoning"
in Germony where it was first recosnized and named.

‘the relatively frequent occurrence of the disease in one low-
callty in CGermany was explalned by Ostertag; mony cases of botulism
were recorded in Wirtemburg primarily because it was a ssusage manue
facturing center aond leberwurst and blutwurst were prepared for
eating at a later date with 1little thought of poor keeping qualities.
A3 a result, much of the botullsm reported in that period of the
Middle Nineteenth Century was a result of eating hablits of people
in that particular localibye.

The disease was known as gllentiasis, ond later, botulismus,
but the assumptlion was that 1t was caused by eating of ordinary de~
composed food and that normal products of decomposition were respon=
8ible. 1In an outbreak in Ellezelles, Belgium, van BErmengem {1897)
isolated from the ham which csused botulism, and from the spleen of
one of the patients who died, an anaeroblc spore forming bacterium
he named Baclllus botulinus, later to be known as Clostridium botu-
linum, This organism produced toxin with which he was able to re-
produce the ahara&teriatie symptoms of botulism in animals.



3

Cutbreaks of botulism had resulbed in about 1,200 reported
cases up to 1913, =amccording to a survey made by Yayer (1813). In
the period 1899 to 1832, in the United States and Canade maeinly,
Tanner (1933) lists 657 cases with 447 deaths, or a mortality of
68 per cents The mortality for the fmerican ocubbreasks reported
has been twice as high as that of surope. Rudel (1921) reported
mortality of 18 = 20 per cent in Germany while Mayer's data show
25 ner cent. A possible explanation of this difference is offered
by Bronfenbrenner and Schlesinger (1920) who found ethyl alcohol to
destroy the toxin of Clostridium botulimum, and therefore the habit
of many ruropesne sf having alcoholic drinks with meals may have
reduced the mortality in pert. It is also possibles that American

atrains of Clostridium botullnum sre more toxic than BEuropean.

Botulism in Domestic Animals

Since van Ermengem (1896) deseribed the symptoms of botulism
in laboratory and domestic animals, the relationship between Clos-
tridium botulinum and many disecases of animais has become increas=-
ingly apparent snd important. Mitehell (1922} isolated Clostridium
botulinum from ingeste from a horse dead of forage polsoning and
demonstrated the abili%y of the organism to grow and groduee toxin
in fodder and, ultimately, elinical symptoms and death of a horse
experimentally fed the fodder. Leighton {1923) reported occurrsnce
of an outbresk of equine disease caused by Clostridiwm botulinum,

type A, "Blind staggers" and "grass disease” are names glven bobu~-

lisn 4n borses.
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Forage poilsoning of cabtle was renorted to be caused by

Clestridiﬁm botulimua by Grehem, et al, (1917). The literature in-

erimineting Clostrldlum bobulinum, type C, in outbreaks of "lam=-

siekte™ disease in south Africa and "bush sickness" and "midland
disease’ of Tasmania woas reviewed by Tanner (1933)}. Cuinea plgs,
rabbits, mice, monkeys and cabs were reporied to be susceptible

bo tomin by ven prmengen {(1089). Chicken outbrecks were noblced
atter human oubbrecks were move frequently recopnized and Geiper,
Dickson, and Heyer (1922) reported chicken desths coused by feeding
swoiled home-canned corn ond spoiled sour milk bto poultry flockse
The disease knom as "limberneck”, was reporbted by Thom, b al,

{1019) %o be cuoused by bvoxin of flostridium bobtulinum, the Bolse

strain, type A. Dengtoon (1924) cowpared type A, B, snd C toxins

end roported type A to be more toxle for chickens than B and C.
"imek sickmess” or "duck disesse” 13 now known to be simie

lar to linberneck in origin. Kalmbach (1934) reported a high inci-

dence of duck slckness coused by a type ¢ strain of Clogtridium

botulinum in clkaline soil areas of the western Unlted States and
Canads. He reported stagnant water, high temperaturces, slkallne
pH and dead organic mattor as factors contributing to outbreals.
quortrup end Schillinger (1941) reported 47.9 per cent of 3,000
birds nubopsied in western lake areas dled of bobulisms |

It is epparent from the above data that few animals are

refractory to the toxin of the verious types of Clostridium botull-

num. Botulism may well become a conservabtlon problem in addition

to a public health problem.



Distribution of Clostridivwm botulinum in Nature

Although van Ermengent had isolated the causative organism of
botulism from a btozle ham nnd the spleen of a victinm, he 4id not
discuss the natural habitet of the organism. It i3 now knorm %o be

widely disseminated. Burke (1919) isolated 7 toxlic cultures of

Closbridium botulinum from somples of frult, leaves, twigs and dirt
from centr=l Celifornia and concluded that the organism wos widely
distributed in ﬁature and that spldera and inssccts were able to dlse
ssminats 1, and that the orgarism might be shle to live in the ine
testinal tract of warm-blooded animsls for months. The isolation of

Clostridium bobtulinum from hog feces and sewaze by Tamner and Dack

{1922) zive credence to that conclusion. Heyeor and Dubovsky (1922a)
(1922b)(1922¢), Duboveky and Heyer (19282}, and Schoenholz and Meyer
{1922) were able to isolate toxin-producing ecultures of Clogstridium
botulinum with considerable freguency from Californis soils and from
the whole of the United States excepting Virginias, and with less
frequency from Bslgium, Demmark, England, the Nethorlands, and
Switzerland. A high percentage of toxie cultures was found in soil
gamples collscted In Canada, Alasksa, China, and the Hawailan Ise
landss.

Bachmann end Haﬁhes (1524) reported 146 soll semples naga~
tive in Wisconsin and isoleted only 1 weakly btoxic culture from cans
ned mushrooms, but Demon and Payabal (1926) found that 76 per cent
of the soil samples from Maryland prodused toxic cultures of Clos-
fridiun botulinum. Leighton and Buxton (1928) isolated 4 toxie
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cultures from 100 samples of Scotbish s0ils while 5 = 14 per cent of
English scll specimens were reported to contoin toxic Clostridium
botullinmum strains by Haines (1942). Pasricha and Ponje (1940) rve-
ported Clostridium botulinum, type A, in s0ile near Calcutta, India.
Jones and Tanner (1945) discovered soil of Illinocis to produce T2
per cent toziec cultures, with southern Illinois having s larger pers=
contage than northern I1llinois. Parry (1946} isolated toxic culbures
from 11.7 per cent of the soll samples from Heow ¥orlk and reported
21l ﬁositive semples came from silt losm solls,

With these reports as a besis, it is logical to conclude
that the organism is ubiquitous and may be isolsted in the Hew World
and the 0ld World, In virgin and cultivsbed soils, in ond on damaged
and undaniaged frults snd vegeteblss, and in the droppings of vertee
brates ond invertebrates which disseminate 1t. Wide distribution of
Clostridium botulinum as just shown from the literature, mokes it
possible for mony human foods to be contaminated. Consequently
foods in which 1% nay develop must be held either at sufficlently
low tewperatures to repress develomment of this Lacterium or treated
in some matter Lo destroy the spores. UOwing to marked heat resige-

tance, this latter is : seriocus probleni.

Pathogenlcity of €lostridium botulirum

Spores of Qlostridiua bobulinum were recovered {rom feces of

surviéing animals by Thom, Bdmondson, and Giliner (1919). The same
authors, Edmondson, et al, (1920}, investigated further and reported
deaths with clinical symptoms of botullsm after feeding 50,000,000
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or riore detoxified spores of Clostridium botulinum, Boise strain,

to gulnea pigse. Irreguler results were obtained with the Nevin
strain. They concluded that there was a limited pathogenicity and
ﬁhat foods suspected of harboring Clostridium bobtulinum should be
destroyed rather than heated and eaten. Orr {1922) produced death
conslstently with detoxified spores of a type B strain feod in
125,000,000 amounts and econcluded that feeding wmessive doses of
spores would cause desth in animals. Disease produced by feeding
3, 300,000,000 or more spores to animals caused Coleman and Heyer
(1922) to draw similar conclusions. Intramusculsr infection resul-
ted after using formalin as a tissue debilitant with as fow as 25
spores, according to Coleman (1929). Hall (1945) reported the oc-

currence of Clogtridium bobtulinum in wounds in human beings, iso-

lated and typed the organisms, but obssrved no symptoms of the di-
sease in any of the 3 cases, ‘

There ssems to be little doubt that the primary source of
intoxication is from iIngestion of pre-formed toxin, but the organism
i3 now thought to have a limited pathogenicity and power to invade
tissues It has been reported recoverable from spleen, liver, and

brain as eariy as van Ermengem (1897).

Only recently has the toxin of Clostridium botulinum been

purified, Abrams, Kegeles, and Hottle (1946) used Glostridium botu~

iinum, type 4, Hall straln, to produce toxin, and isoclated a protein
with toxic properties. They reported it to behave like a globulin,
with an isoelectric point of pH 5.6 and a total nitrogen of 14.1 per
econt. Twice cryatalllzed toxin contained 220 x 10% mouse #ID per

mg. of nitrogen. Kegeles (1946) reported it to have a molecular
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welght of 1,130,000, a shape according to the Simha theory of elon=
gated ellipsoids with an axlal ratlo of 8.3, and a frictional ratio,
from Perrin's theory, of l.45. Lamarma, et gl, (1946) obbained
crystals of 1285 x 7 microns when they purified the toxin of Clostri~
diuwn botulimm, type A. They reported a tendency of these crystals

to line up in parallel rows during crystallization.

Importence of Clostridium bobtulinum in
Food Industry in the United States

The importance of Clostridium bobulinum to the food industry

camnot e overestimated. It existed for many years before it was
recognized =8 the cause of the specific dlsease, botulism. Cases of
so called "ptomaine polsoning®™ and "helladonna poisoning® were often
actually unrecognized botulism. Gelger, Dickson, and Meyer (1922)
reported that from 1899 to 1902 the first clinically characteristic
cases of botulism were described in the United States. Wilbur and
Ophtils (1914) recognized it in an outbreak in Californis which re-~
sulted in a death with clinical symptoms of botulism. Meyer (1931)
atated that cormercially canned foods cpused botuliesm in 1918. 4n
outbreak swmong persons who had eaten ripe olives at 2 banquet in
Canton, Ohilo caused 7 deaths out of 17 intoxicated. Outbreaks fol=-
lowed in quick succession, all from ripe olives grown and camed in
Californiae. This development ceaused an historical step to be taken
which eventuslly stopped outbreaks from sil aﬁmmerciaily caamed pro-
ducta,

The National Canners Association, Cammer's League of Cali-
fornia, and California Olive Assoclabtion proposed an investlgation
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of condltions which were meking Californis preserved olives hazar-
douss A Botulinus Commission wes formed, Geiger, et a1, (1922), to
moke a survey of the industry and recormend what should be dons.
Sﬁch recomnendations were made that botulism from olives was stop~
peds Processing snd packing of the fruit was placed under the ju=-
risdletion of the Iureau of Pure Food and Drugs of the California
State Beard of Health. Spinach and othor vegcbeblss grown and can-
ned in California also caused many outbresks of botulism, which ro-
sulted In regulations replacing agreoments as to proper processing
times and procedures, with confiscation of improperly processed
foods as a penalty. Meyer (1931) listed as headings for investiga-
tiond
1. handling new products and plunt sanitation
2« canning procedure and equipment
De processing operatlions, temperatures and time to sterilize
4. exsmination of commereial pack
The result of standardizetion and enforcement of procedures proved
adequate by investigation is that not one case of botulism has re-
sulted from an American product that is normally commercially conned
since 1925,
The outbrsaks of botullsm resulting from poor proceasing
rmethods in home=-canning still occur, although fewer in number then
formerlys ﬂannar'{lgéé} extensively reviewed the literaturse avai-y
iavle to the homemaker from Farmer's Bullstin 359 in 1909 to recent
cook books, and condemned careless home cemming methods. OFf the
"cold~pack" mbéthod, still grestly used by homemakers, he states:
It has been responsible for much spollage and meny outbreaks
L botvlism since its inmtroductlon about 1917. When used for
preserving vegetables and meata, it 18 o dangerous method.
4 cook book printed as late as 1930 recosmended times and tempera=
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tures insufficient for sefe home camning, according to Tsnner
{1933) » Hoyer {1931) sbated that evenbtual prevention of outbresks
f:om home~carmed foods will depend lersely on education of the
nasses as to the necessity for proper canning procedures and bhol-

ling home-cenmned foods before eating.
Relation of Acidity of Food to Botulism

The relative infrecquency with which certain foodstuffs are
incriminated in outbresks of botuliam is probably largely a matter
of reaction. Acid foods have been thought to be safe when canned by
methods that would sursly he insufficlent if neutral or alkaline
reactions were encountered. Dozier (1924) reported the optirum ond
limiting pH's for some strains of Clostridium botulimm. The opti-

mum pH for vegebative cells was said to be from pH 6.0 to 8.2, and
the optimmm for the inoculation of spores, pH 6«0 to 7.2+ Tho li=-
miting range for a three day srowth was from pH 5.0 to 9.0 Since
this publication there have been many exceptions to these general
rules reported. Liefson (1931) found pH 6.2 to 643 to be the optl~
muam for sporulstion snd reported that no growth occcurred below pH
G0y Cubber (1922), upon investigation of an outbreak of botulism
resulting in the deaths of 2 men, found tomato-onionw-chlll sauce %o
be inerimineted, and stated, "The ssuce provided an acid medium, the
first instence recorded in which Becillus botulinus had developed

under these conditions." -He neglected to mention the pH of the
sauce, however. It 15 now generally accepted that the critical pH
43 4.5 and that foods below that pH are classified as acld foods,
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vrith relation to bobulism,.

Acidity of PFoods snd Toxin Formehion

Thompson and Tanner (1926) reported results of observetions
in inoculated cemmed foods in which no btoxicity developed where the
pll was 4.4 or less, but boxicity did appear at pH 4.6 or nbovee.

They concluded that acid frults were more ensily sterilized and that
very zcld vegetables were not sultsble for toxin production by Clos=-

tridivm Lobulinum 4f cells survived the processes. Desnite the bo-

lef DU 445 1s thoe critical acldity and that foods vhich are more
acié 7111 bo safe, a few oubbreanks have occurred in such ncid foods
as poare ond tometoes. Heyer and Cunnison {1929) renorted toxin
formation in Bertlett pears which csused 2 deaths although the pH
of the julco was 3.86. %allace and Park (1933) were able to demon=
strate toxic cultures resulting from inoculation of deztrose of
PH 4.0 and cherry Juice of pH 3.5, and Tanner, Deamer, and Riclkher
(1940) found fruits toxlc at pH'a of 3.25, 3.75, and 3.2, howsver
these latter three papers will be discussed in viore deteil labter ns
mizad cultures were the rule and pH is evidently not the only faetor
involved. The critical nH walue Qf‘é.s previcusly mentioned wasg
determined in pure culture experiments and not in experiunents vwhere
mixed cultures were pruasent to introduce other varisbles.

An outbresk of botullsm from home-cammed tomeboss was repor-

ted by Slocum, Welch, and Hunter (1941) which resulted in 2 desths
and isolation of Clostridium botulinmm, type B, producing toxin st

a pH of 4.21e A tomato residue was filteored end the filirate proved
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nop~toxic, but when the pH was adjusted tio €8 4t proved toxle and
produeed syrptoma of bobulism in experimental cnimmls receiving ib.
This orgeniom vas added to commerelally canned tomatoes and incu-
béﬁeﬁ for %2 days but produced no toxic swmples althoush the orgo-
nism was recoverable in 10 canse

Acidification of toxin to a pH of 4.0 showed en increase in
toxiecity, asccording to Bronfenbremner end Schlesinger (1982) «
Stehle (1922)wes opposed to the stotement nmade by Bronfenbrennsr on
the besis thet o dilubion of 3 x 10721 would conbtsin no toxin bo-
cause of the assumed size of the toxin molecule Abself. Bronfon-
brenner (1922) egreed with Stehle's eriticism and stated thad his
rosults ot $hat dilubtlon were irregular, producing only 5 per cent
rnortality ond thereby indleabing thol some sueh dilublons contained
toxin vhile others didn't. Snipe and Somer (1928) 4id work which
originally sterted to besr out Bronfenbrenner's contention thet

acidifieation of the tokin of Clostridium botullmwm increased its

toxielty until they discovered the pipette to be a source of experi=
mental orrore then z olean pipotite wes used for coch hransfer no
toxin potency increage was novteds They did find, however, that
acldifring boxin to 2 »IH of 1.2 or less did not destroy it, which
verified the £indings of Broufenbrenner snd Schlesinger (1924) that
an acidity equivalent to that of the stomach was resisted by the
toxin for 54 hours at 37°C. The labbor subhors also noted thab

peptic and trypbic digestion did not alber the toxine
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intiiblotic and Gyabiotic Effects of Obthor Crganisus
on the Growth and Toxin Production of
Closteidivn bobtulimmm

It hies long becon imown that variance between resulis obe-
tained with pure culbtures In an ctherrise aterile modium and with
mlxed cultures may be caused by symbiosis ond anbibiosls between op=
goanizas, Hall ond Ps 1 {1923) —eporbed serobic bacterie o have
the obillty to inhibit, in varyging degrees, btoxin produchion of Cloge

tridivwa botulinua in glucoze broths. Some orpenisma boxin preduction

in glucose broth did nct do so in plain broth. Crganlsoms which
caused non-toxie or weakly tozic filtrates 5o be produced by Llog~

w1 botulinum while growing with them usnally produced the

acidities in glucose broth. 7They concluded that, "esse
certain fermentabtive aerobes destroy bobulirnus toxin thréugh the
operation of some mechanien involving a Tactor other than acid bub
dopeondent on 1t."

Daclk {1926) showed thabt some anacrobes ars also capable of

ausing measurablé changss in toxin production by Clostridium botu~-

linum, and concluded that filtered toxzin of tho organism was dege
troyed by growth of Glostridiwm gporogenes in beef heart medium,

the organisms with pgreatest proteolytic abllities produced most row
pid destruction of toxin, and that thls destruction of toxin was not
caused by changes in hydrogen lon concentratione. The ahility of
Clostridium sporogenes to destroy the toxin of Slostridium bobulinmma
has been reported by Jordsn snd Dack (1524) snd Sommer and Glunz

(1927} » TFrancillon (1924) reported Pseudomonas pyocyeneus to inhie
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it toxmln productlon by Clostridivws bobulirmyy and Staphiylococcus to

e nscessary for the production of toxin by ancther strain of Clos-

briddws bobuldmm, bthus illustrating sntibiosls and possibly syme

blonis, PRuyle and Tammer (1935) reported & higher pereentape of
toxic gswiples resuliing from inocculatlon of processed meats than
Tron unprocesged, and concluded that since processed meat has a lo=
wer bactorlal load the prosence of other organisme aay inhiblit the

formation of btoxin by Cloobtridium bobulimmuie strepbococcus lactis

and Lachtoboeillus casel were rveporicd by Sherman, Skark, and Stork

{(1028) to have the ability %o dostroy the toxin of Slostridiuwg botu-

Tinmitina

Production of toxin by Slogtridium bBotulimm is oftcen en-

haneed by organilans prowing co:icamitantly. Leyer and OGuanison
(1929} found that in en oubbreak caused by home-cannoed pears, the
crganisn isoluled Lad grown and formmed toxin in the symip with a pH
of 34350 to 1-’;.%11 with a yeust and o lactobacillus. Vithout the yeast

Closgtridium botulinum did not produce toxin and the highest toxleiby

was obbained when both yonsgt and lactodacillus were present. The
autihopre concluded:
It 3¢ probeble that certaln frults and acid vozetsbles owe
their immunity from botulimus spoilage less to their acidity
than to the absence of food substances essential to the glaw
boration of toxin.
Wallace and Park {18933) produced toxic culbures by ubtilizing Sascchaw

romyces ellipsoldeus in mixed culbture with Clostridium botulinum,

types A and B, at pH's of 3.5 and 4.0. Tanner, Beamer, and Rickher
{1540) have alsc noted the effect of fung!i on toxin production.
Black raspberries at pH 3420 proved toxlc after Penieillium spp.
had grown and the pH was 5.4, cherrles ab pH 34756 had a pH of 5.1
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to 543 after Mycoderma spp. had growm and were toxic, but peaches at
PH 38 were toxic with no noticesblse changes.

Botulism in Dairy Products

Dairy products have not often been ineriminated in outbreaks
of botulism for a number of reassons some of which have been dis-
cusseds Acld souring of milk with its resultant low pH is probably
most important because it is certainly not conducive to growth and
toxin production by an organism which so manifestly prefers a neu-
tral to slightly alkaline envirorment. Edmondson, Thom, and Giltner
{1923) inoculated sterile, lsboratory pasteurized, and commercial
raw milks with toxin~free spores and incubated them at various tem-
peratures and times. The raw milk 4id not become toxic but pasteu-
rized and sterile semples did. Evidence of sbnormality sceompanied
toxleity and thereby provided an indication that an orgeno-leptic
test may be all that 1s required for "safe" milk as far as botulinum
toxin is involved.

Foaslble conbaminetion of milk by Clostridium botulinum be-

fore it reaches the dairy has been investigated by Grsham, Schwarse,
and Boughton (1922) who fed unfiltered toxin to cows and sows to obw
serve possible effects on marsing younge They ecould not demonstrate
toxin in the milk, bubt recovered the organism in the feces. In one
cass where an experimental infection of the udder with toxin-free
spores was accomplished, they were able to demonstrate free toxin in
the #milk. Sherman, Stark..snd Stark (1928) have perhaps provided
enother clue as to why dairy products have been as free of botuliam
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as they have boen in thelr work on toxin destruction by Streptocge~
cus lsctls end Lactobaeillus casei, both of which are important in
normal souring of milk, forming an acid curd for cottage cheese and
aﬁring of cheeses Glotova and Chebotarsva (1938) reportedlthat when
inoculating acid soybean milk with toxin-free spores of Clostridivom
botulinum, factors favoring development of lactic acid organisms had
the opposite effect on toxin production by Clostridium botulirum,
and that the abrupt change in the degree of acidity had the most in=-
hibitory effect,

Shippen (1919) inoculated sterile milk with the Nevin strain
of Clostridium botulinum and a yeast and got a toxic eulture. HNevin
strain, yeast, and Escherichlia coli produced toxie cultures, as did
Hevin.strain and M. gureus. Canned milk caused an outbreask of bobtue
lism among 4 persons using it in their coffes, reported by Geiger,
et al, (1922), and also a chicken outbreak resulting in the death of
20 chickens caused by spoiled sour milke The authors stated:

Spoiled aour milk is unquestionably an excellent medium for

Be. botulinus and it is surprizing that only one single ehicken
Euﬁm&momgs_mzm attributed to 1t has thus far been
recorded.

Evaporsted milk was inoculated with 50,000,000 or more
spores of Clostridium botulinum by Schoenhols, Eaty, and Meyer (1923

with 1rregular‘resﬁ1ﬁs in degree of spoilage and toxin production.
The pH was not given. Inoculation of sweetened condensed milk pro-
duced no growth of (lostridium bobulimum. Lewis and H111 (1947)

recommend powdered milk diluted to a final concentration similar to
that of whole milk as a substrate for the production of highly toxic
cultures. Stark, Sherman, snd Stark (1928) reported milk to increass
the potency of pre-~formed toxine They filtered cells from an elght
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day growth et 37°C in 4 per cent peptone beef infusion broth and
found it to have a titre of 700 MLD while fresh., After 4 days at
37°C the titre was 1 MLDe Similar portions, however, when incubsated
wlith sterile skimmed milk gave the following titres:

Filtrate : mill Titre in —
129 « o 6 0 03 2 & ¢« s = —5;753013 - o
1 219 o o ¢ 2 @ s =« 0 s & 2,000
1 249 4 6 o ¢ o s e o s 0 B5,000

The authors believed this phenomenon to be the result of the action

of enzymes of the organism on casein.
Botulism from Cottage Cheese

Cottage cheese has beon incriminsted in 2 outbreaks of botu-
liasm resulting in 5 deaths. Nevin (1921) had the opportunity to ob-
serve a sample of cottage cheese sent to the New York State D’e‘parﬁ-
ment of Health Laboratory. Three people who had parbtaken of this
cheese, diled with clinical symptoms of botulisme Nevin isolasted an
organism identifled as Clostridiuwm botulinum, type B. It has been
widely used since then as the "Nevin strain”. Nevin used a loopful
of 48 hour broth culbture of this organism to inoculate an emulsion
of fresh cottage cheese, sterilized and unsterilized. 7vhen admini-
stered orally, 1 ml. produced death in the guinea pigs used for the
2 cheeses, and the control fed unsterilized merket cheese was not
affected. Gelger, et al, (1822) reported an outbreak in which 2
deaths resulted from 7 people who ats home-made cottage cheese. ¥Ho
laboratory data were avallablas



EXPERTMENTAL METHODS

Preparation of Inocculs

Several strains of Clostridium botulinmmn, types A, B, snd C,
which have been used for a long time in studles on botulism, were
available in the laboratory and were used in this investigation.
Sheep brain medium, long known to be a satisfactory mediumm for toxin
production by Clostridium botulinum, was made by boiling fresh
ground sheep brains in an equal volume of water for two hours and
tubing in 20 x 200 mme tubes to about one~half full with solids and
liquid. To test this medium, 1t was inoculated with aspores of Clos~
tridium botulinum and incubsted 6 days at 37°C. Guinea pigs wers

fed 1 ml. of each of such cultures, and strains of Clostridium botu~
dinum which 4id not cause death of 250 gr. guinea pigs in less than
24 hours were dlscarded as non~toxlc or veakly toxic.

Deep tube cultures of the moat toxicogenic strains of Clos~
tridium botulipum were made in pork tryptose infusion ager. This
medium was made by adding dried ground pork, 2 per cent Difco tryp-
tose, and 2 per cent Difco agar to fresh pork infusion and adjusting
PH to 7.0« Isolated eolonies were transferred to pork tryptose in-
fusion medium to secure satisfacbory sporulation, which was accom-
plished in 12 days at 37°C. Spore suspensions were made' by fil=-
tering the culture through sterile glass wool, centrifuging, and de~
canting the liguid from the spores; they were then resuspended in
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100 mle sterile distilled water in 8 og. screw-capped bottles.
Spore suspensions were detoxifiled by heating for 30 minutes at 80°¢
in an o0il baths This treatment insures the destruction of both
toxin and vegetative cells capable of elaborating toxine.

The spores of Clostridium botulinum were counted by means of
the following technique, Modified Agarslant btubes were three~
fourths filled with pork tryptose agars Spore suspensions were
dlluted from 131 to 1:10,000,000 by the use of 99 ml. Sterile water
blanks. Duplicate dilutions were added to the cooled melted agar,
shaken throughout it and the agar allowed to solidify. Stratifying
agar was then added Yo fill the tubes and complebte the anasrobie
conditionse.

After 24 to 48 hours incubation at 37°C., macroscopiec colo=
nies in the agor were counted. With some stwaiﬁﬁ used, and after
long storage in the refrigerator, an incubatlon period of 5 days
was sometlimes necessary to insure the development of all ecoloniese
This method was chosen becauso it is s count of only the viable
spores which will germinate af'ter the hesating procedure. The spore
gsugpensions were adjusted to 1,000,000 spores per ml. concentrations
and stored at 4°C, when not actually in use.

In the later experiments, spore suspensions of Clostridium
botullinum were made differently. Isolated colonies in deep agar
tubes were transferred to pork tryptose infusion and incubsted 3 - 5
days st 37°C. When a noticeable characteristic odor had developed
in the medium, Grem stains were made to verifly morphology, and typi-
cal Cloatridium botulinum plated oub on milk tryptose egir in Kolle

flasks snd 18 oz. screw-capped bottlea. Anaerobic conditions were
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secured by use of 100 gr. of pyrogallic acid and 500 mle. of 20 per
cent aqueous NaOH in a 10 liter glass museum jars Incubsation at
37°C. for 12 days produced excellent multiplication and sporulation.
Milk tryptose agar was made by adding 2 per cent Difco tryptose and
2 per cent Difco agnr to milk, adjusting the pH to 7.0, and steri-
lizinge Spores were washed of the agar with sterile distilled water
into sterile 6 oz. screw-capped bottles, detoxified, counted, and
stored as previously described.

Preparation of Cottage Cheese

Several batches of cottage cheese were made to galn profi-
ciency and standardize techniques before inoculation with spore sus-
pensions of Clostridium botulinum. The method of checse-making was
one described by Tuckey (1942) «

Cheese batches were mads from both raw and pasteurlzed skimw
med milke When milk was inoculated with boxin-free spore suspen-
‘siona of Closbridium botullimum befores curdling occurred, 1t was re-
ferred to as "Barly". When milk was made inbo cheese and bottled
and was inoculeted only when ready for incubatlon, it was known as
"Late".

Raw skirmed milk was poured into large rectangular shallow
sterile porcelain pans in one-half gallon emounts, coverad with
sterile laboratory towels, end allowed Lo sour naturally at room
temperature in a room other than the one in which cultures were kept
and inoculating done. Souring occurred and a firm curd obtained in
36 to 72 hours, and when whey was notlicsable on the surface of the
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curd, 1t was ready to bo cute The curd wos ovh with s sterile spa-
tula into three-fourth inch cubes, cooked in a water bath for 2
hours at temperatures gradually inereased from 32°C. to 55%C., and
drained. Yhey was bottled in 100 mle smounts. Curd was washed in
cool tep wabter twice for 5 mimute periocds and salted with 2 teaspoars
laCl per gallon of original milk. Cheese was then bottled in 107 gn
amounts in sterlle 4 or 8 oz. wide-mouthed scrow-capped jars. Pas-
teurized sicismmed milk was handled similarly except that a starter
was added to assist curdlinge. Startsr consisted of 150 ml. sterile

milk curdled by Sbreptococcus lactis in pure culture at 379C. for

24 hours, and used for a gallon of milk. Leter 300 ml. of starter
was used per gellon of milk.

Millk samples designated "Early" recelved 1,000,000 toxin-
free spores of Clostridium botulinmum per 100 ml. of milk prior Lo
curdling, and those designated "Late", 1,000,000 spores per 170 gr.
cottage cheese., BRottled cheecse was incubated at 4%°Ce and st room
temperature (22 ~ 26°C.), as those temperatures would be the ones

most liltely to be involved in the spoilage of the produet in the

home
The pH of control samples of cheese and whey was recorded as

read on a Beclman pH meter Iin the early experiments, and on a Hac~
Beth pH meter later, at the time of bottling and at intervals during

the incubaiion period of the samples.

Feeding of Experimentsal Animsls

Guinea pigs of as near 250 gr. in waight}as possible were
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fed 1 ml. amounts of the cheese or vhoy by pipeths at 5 duy inter-
vels. Experimental mnimals were individually eaced and received no
food or water after belns fed incubated Samples of cheese. Animols
were closely observed for clinical symptoms of Bobtuliam, and those
dying in § Aays or less were cavefully inspected et sutopsy Lo de=-
termine canse of deathe. In later experinments, all snimels not ob-~

served to have cxhibited clinical sympioms of botulism before desth
were aubopsled immediately, the brain removed aseptically and added
to heated tubes of sheep braln medium under vaseline seal. These

tubes were incubated for 6 days ab 37°C. and observed for the deve-

lopment of gas and the characteristic odor of Clostridium botulimmi.

One milliliter of this medium was fed to 350 to 50U gr. guines plgs
which wers observed for clinicel aynptoms of botulism. This method
was chosen as nearest to fulfilling Koch's (Henle's) postulates as
was practicable. Coloman and Meyer (1922) reported the brain as
second only to the liver in the recovery of Qlostridium botulinum in
fatal cases of botullsm, and stabted:

It 13 possible that this crgan {hrain] is the lsst to be in=-

vadedessawe have Crequently falled to recover the organism

from the brains of animals dying within 48 hours.
From this statement it was seen as likely that when Clostridium

botulinum was recovered from the brain of = guinea pig, botulism was
actually the cause of death, and that when symptans of botulism were
observed before death this method could be used as confirmatione



BXPERINENTAL DaTa
Bxperiment 1

The firct work was a duplication of ewporiments perlormed
by Nevin (1921) beenuse of the faclh thab she atbribduted an oubbreal
of botulism to cotiare cheescs.

One milliliter of a 72 hour culbure of Clogstridiws botulinum
of the some type as the Fevip strain, bype B, straln 791, in sheep
brain medium, wes fod to a 211 gr. guinea pigs 'The survival of the
animel indicates there was little btoxin production in that length of
times One loopful of this culture vas then used to inocculate 100 zr.
of cottege chesse newly uade from peateurized skirmed milk. A loop-
ful of the same organlem in a 48 hour culbure of pork tryptose in-
fusion waa elso used %o inoculabe 100 gre semples of cheese ond
wheye Controls were uninoculated cheese samples.

These semples were incubnied at 579C. for 72 Lours and 1 ml.
emownita fed to guinea pigs of 199 To 259 gr. in welght. All animals
liveds The culbures in pork tryniose wedium and sheep brain medium
were fed at the some time and produeced death of 157 and 191 gr.
guinea pigs in leas than 20 hourse This indicabes that the strains
of Clostridium bobtulinum used were toxicogenic under the conditions
afforded by pork tryptose or sheep brain media but were not eapable
of producing sufficlent toxin in cotiapge theedge Lo cause deaths of
guinea plgis

The gquentity of cheese which Nevin {1921) inoculated was not
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reported and 1t was thought that 100 gr. amounts might bs too larse
g sample for the small inoculun, so in the next sttempt to duplicate
thg zork of Nevin & snaller sample was used. Pasteuriszed and raw |
cheese samples in 30 gr. amounbts weve put into 20 % 200 zm. tubes.
Cultures of Clestridium bobulinua, type A, strains 701 and 702, =nd
type €, strain 827, were incubated 48 hours st 37°C. in sheep brain
end a loopful of cach used to inceulats duplicste Ltubes of rew snd

‘pastourized checss. In addition, 1 ml. smounts of each culbure,
from the sheep brain snd the cheese, were fed to sguinea plzs in or-
der to dotermine whether bthers waa sufficisnt preformed toxin in the
locopful of viable vezobative cells to couse death of the aninals
without furither growth and btoxin production in the chesse., The san-
ples were incubated for 70 hours at 57°Ce and fed to guinea pigs.
Cuines pilps fed 4B hour sheep brain culltures weighed 4804, 449, and
474 pre. and died with sympbtoms of botullsm in less than 20 hours,
70 hours, and & deys rospoctivelys The 12 gulnes pigs fed the cheese
gamples ot O and 70 hours wolphed from 218 to 425 gr.; all survived.
The indicebtion is that the sirains of Clogtridium bobulinum used
wore capable of producing toxin in 48 hours In e substrate of sheep
brain under the conditions reporded; bubl were not able to produce
debeetable amounts of toxin in cotbage cheese under ths conditlons
lmposeds

The atbtempts to duplicate the experiments of Nevin {19%21)

gave negative results since no deaths occurred in gulnea pigs fed

cheeses inoveulated with vegetative cells of Clogtridium botulinum,
types A, B, and C, strains 701, 702, 791, and 827. Nevin neglected
to report the guantity of cheese which she used, and since she used
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a commerclally prepared product, the method of preparation 1s un-
known and the pH was not given. Her inoculum was not heat treabed

and consisted of vegetative cells of Clostridium botulinum, conse~

quently she may have been adding some preformed toxin to her cheese
somples; and in a small sample 1t may have been in sufficient gquan-
tity to intoxlcate the gulnea pig without further growth and toxin
nroduction by Clostridium botulimm in the cheeses. It 1s possible,

however, that the Wevin straln of Clostridium botulinum was capasble

of gprowth and toxin production under conditions wnsuitable for grovih
by the streins used in this experiment, but because of vhe lack of
corbain informetion, as previously mentlioned, the exsct conditions
of Hevin's work can not be ascerbained.: The results reporbed here
would seem to duplicate the negative findings of Fdmondson, st sl,
{1923) ; and both low pH and toxin destruction by other orgonisms

are responsible; nossibly.

Experiment IT

Since it was cbviocus that pH of a product as acid as cobtbage

cheese wonld affoct growth and toxin production of Clostridivm botu-

linum; it was thought advisable to acidify sterile milk with 41 lae~
tic mcid and determine the effsct of pH on Clostridimm botulimm in
the absonce of other organisms sond possible antibiotic and éymﬁiaﬁie
relationships.

Skimmed milk was placed in 100 ml. amounts in 8 ozs: screu~
capped bottles and autoclaved 30 minutes at 15 pounds pressuras It

was stored for 2 months st room tewperature with n o signs of spoil-
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ages A 1:10 dilution of dl lactic acid and sterlle distilled water
was nade to facilitate measuring, and proper asounts of acid necesw
sary to produce knmowvn acldities wore deternined by usins a MacBeb
pﬁ neters. The pil of the sterile milk was .15« Samples of pH 8.15,
Geldy Seby Daly 4ely 4oy, and 345 were made and inoculated with
freghly heated and detoxified, newly counted spore suspension of

Clogtridium botulinum, type B, strain 783. OSamples received an ino-

culima of 1,000,000 spores per 100 mle milk. Lewis and H111 (1947)

reported satisfactory growth of Clostridivm botulimum in powdored

millz of the concentration of whole milk in 170 bo 15D mle smounts

inn 6 or 8 oz, screw=-canped bottles., They stated:

Under these conditlions no special procedures were required
to insure adequabte anseroblosls, provided agitation was
mininmized to avoid undue aeration of the medium.

The results shown in Table 1 bear oub this statemont.

TABLE 1
TOXIN PRODUCTION OF CL. BOTULINUH
IN ACIDIFIED STERILE MIIK

Guinea pipg | Incubation 1 Strain of Rosults:

wte in gre |Time in Days ol Cl. bobulinum Death in Ilours
237 5 Ge15 - —
285 15 6415 - -
309 5 €415 783 - 23
291 10 Gel5 783 25, symptoms
308 B 64D 783 96, symptoms
280 10 520 783 474 symplLoms
299 5 545 7835 -
276 10 Deb 783 24
206 5 SeD 783 48
275 10 5] 783 25, symptoms
2856 5 445 783 -
262 10 L45 783 94, symptoms
275 5 440 7835 ~-
256 10 4e0 783 —-—
270 & 3¢9 783 -~
255 10 3D 783 -
25{} 5 5 . 5 - -
245 10 CPes - —
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Data shovn in Table 1 indieate thot sterile mill is o sulb-
eble substrate for the germinaion of snores, groyil, and toxin pro~-

duetion by Clostridinm hotulinmwm, type B, sirain 783, at room teme

perature in 10 days, provided the pH of the milk 15 2.5 or more sl-
keline. TUnder the conditions imposed, pi's of less than 4.5 are

rot eonducive for toxin production by Clostridium bobulimr.

Exneriment IIY

Detoxified spore suspensions of Clostridivm ho tulinum rere

fod in 1 ml. smounts to gminea pirss %o assure sbsonece of toxin. All
animnls zo feod survived proving ahsenece of tormin.
Cottape cheese was nede from pasheurized »ilk and curd znd

vhey were bottled then inoeunlated with Clostridium bobulimwmi, type

B, straing 793 and 701. The inoculim consisted of 260,000 spores of
strein 783 and 920,007 sporea of sbrain 791 per 100 gr. of choeses
The pH of cheene and vhey at time of inoeulastlion was 4,05, Samples
of cheess and vhey, inoculatsd and uninoculated, were ilncubsied ab
room tempernture, about 24°C., and 4°C. and fed to guinea pigs in
1 mi. amounts efter 5 and 10 days incudbstion. No deaths caused by
botulism ocourred amcng the 16 gulnean pigs fed, showing sbaence of

toxine.
Experiment IV

Raw and pasteurized skimmed mllk received inoceculations of
spores of Clgstridium bobtulimm, type B, strains 7835 end 781 in the
amount of 1,000,000 spores per 100 ml. milk {Early), or 100 gr. bot=
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tled choeae {late). Curd formation recuelred 5 days ab room tempera~
bures Farly ssuples showed lenticular =as holes in the curd while
uninocnlated sempiss did not. One sample received two inoeuls,
Barly snd Late. Tninoculated controls of each tyne of cheese and
vhey wore fed. Incubetion periods were Sy B, and 10 days at poon
temparature and 5, 10, 15, and 20 days st 4°C. A fotal of 74 puines
rigs wore fed with no occurrvence of botulisr. One denth occurred
anons control animals fed uninoculated pasteurized chesse whileh had

been ineubnted 20 days at 4°C., but the animal showed ro sympboms of

botulism before death or abt sntonsy.

Experinont ¥

Cheezo was made from pasteurized snd rew shiirmed milk, ino=

culated Early or Late with Clostridivm botulinum, type B, strains

783 and 791, incubated ab room temperature and fed st I, 5, and 11
dnys, or at 4°C and fed at 5, 11, 16, and 20 davs. A £irm curd was
obteined in 3 days and pH'3 were foken on o MacBeth pH meter 3 days
after Dottling. Control raw cheese had a pE of 4.25: raw whey, oH
4+73 pasteurized cheese, pH Z4.1; and pasteurized whev, pH 4.2.

Spore suspenslons of Clostridiwm bobtulimum, tyne B, strains

785 and 791 were used to inoculate sheep brain medium. After 20 days
incubation at 37°C. both stroins caused deaths of 497 and 422 gr.
gulnea pigs with symptoms of botullsm in less than 22 hours. Spore
suspenalons were fed to guines plza of 3381 and 491 gr. in 1 ml.
amounts and produced no deaths, thus proving the suspension to be de=
toxlfied.

A total of 92 feedings resulted in 1 death with elinicel sym-
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ptoms of botulism. The sample was raw Late cheese inoculated with
strain 791, incubated 20 days at 4°C., fed to a 266 gr. guines pige
Death with symptoms of botulism occurred in 52 hours. The brain of
this animal was removed asecpbtilcally and added to sterile sheep brain
medium under vaseline seal and incubated at 37°C. for 7 days, at
which time it exhibited the typical odor and gas production charace-
teristic of Clostrldium botulinum. VWhen 1 ml. of this medium was

fed 1t produced death with symntoms of botulism of a 412 pgr. guinea
plg in less than 23 hours. The original cheese sample was fed at 23
days, when symptoms were apparent in the 266 gr. guinea pig, o a
354 pgr. aninal, snd it lived.

Several explanations for the fact that this cheese proved
toxic to 1 guinea pig when fed at 20 days, and non=toxic to asnother
at 23 days, are possibles One is that slkaline areas may have exis-
ted in the checse sample where conditlona for growth and Soxin pro-
duction by Clostridium botulinum were favorable because of the ac=-
tion of elther bacteria ox fungi, and that the contents of such an
area were included in the 1 ml. chesse fed to the 266 gr. guinesa pig
that died with symptoms of botulism, and none wes present in the
1 ml. sample fed to the 334 gr. guinea plg which survived. Another
posaibility is that a greater resistance of the latter gulnea pig

mey have been the declding factore. Partlal seration of the cheese
resulting from the removal of the first milliliter sample by pipette
may have changed growth conditions, or the sample may have contained
cloge to 1 HLD of toxin per milliliter, and 1 death and 1 survival
may be within the range of such s btoxicity. Still another possibi-
lity is that toxin destruction may have been cesused by the presence
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of bacteris antagonistic to it, ss reported by Sherman, Stark, and

Stark (1928).

BExperiment VI

Raw and pasteurlzed skimmsd milk of oH 646 was curdled in 30
hours. Cheese at the time of boiiling had pH's of 4.6, raw, and
4425, pasteurized. ZIZarly sassples showed gZas bubbles in the curd
while uninoculated curd did note

The Inocula consisted of Cleabtridium botulinum, type A,

strain 702, end type C, strain 827. 7The detoxified spores of these
strains, vwhen grown In sheep brain medium, produced toxin which
coused desth of puinea pigs in 19 end 66 hours. Cheese samples ino-
culsted with these strains were incubated for 10 days at room ten~
perature and 20 days at 4%°C. ond fed to gulnea pigs at 5 day inter-
valss

A tobal of 78 feedlngs resuvlied in the survival of all guinem
plos fed inoculated sampless One control animal fed uninoculated
pasteurized cheese which wes incubated 15 days at 4°C., died. This
snimal showed no symptoms of botulism bubt was markedly unthrifty in
apnsoronce ab the time of feeding. The 245 gr. anlmal died 1In 9645

hours.
Experiment VII

Paateurized skimmed milk produced a firm curd in 41 hours,
and raw, in 46 hours. (Clostridium botulinum, type A, strain 701,
and type C, strain 827 were used as inocula. 3train 701 was toxic
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to a 317 gre guinee pig in 22 hours in shecp brain culture. Incuba=-
tion times and bemperabures, and experimental procedures for the
chegses wvere similar to those of Experiment Via
A1) of the 76 gulnes pigs fed survived.

Experiment VITI

Curd formatlon was eided by the addition of a rennset extract
es described by Tuckey (19242), to make a "sweet curd? ecobtase
ehéesa. Rennet extraet in a2 solubion of such strenpghth that 2 drops
were sufficient far 10 gal. of milk was dlluted 1:20 with sterile
distilled wabter so that 4 drops were sufflcient for a gallon of
mllks A firm curd was produced in 71 hours at room tempersture in
row and pasteurized milk samyleskta which the rennet was added. Do~

toxified spores of Closiridiw botullmm, type B, atralns 783 and

791 were the ilnocula. Technigues described in Experiment VI were
followed otherwise.

Tﬁﬁ pHE's of the control cheese and whey taken with a WacBeth
pE meter ab verlous times in the experiment are given in Table 2.

There were 92 guines pigs fed and 3 deaths resulbing from
botulisms Specific details of these deaths follow.

Raw Early whey inooculated with Clostridium botulinmm, type

B, strain 783 was fed after 5 days lncubatlon at room temperature
and produced death of s 281 gr. guinea pig in 48 hourss The brain
of this aninel was removed aseptically end incubated in shesp braln
meédium under vaseline seal for 6 days at 37%C. & typical odor of
and considerable geg

putraefaction csused by
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ACIDITIFE OF RENWLT OURD CHEROE

B e e e e e e » e e
Sample Incubation pH
Time in Days Temp. C.
Raw whey 3 RT Leb
Rav whey 10 RT 4,15
Paste WGy 3 BT L4705
Pant,. vhey 10 RT 4,15
Raw choese 3 ne 4 o355
Raw cheege 10 ®P 3495
Past. checse 3 BT Le3
Past. chocase 10 RT 4,1
HRaw cheese 3 4° 4e5S
Rew cheese 10 4° 4e3
Raw cheose 20 4° ba'?
Past,., cheoese 3 49 44,65
Past. cheeose 1v 4° 4,48
Past. choene 20 4° 448

were evolvede 4 397 Zre. guinca pig was fed 1 ml. of this mediioa and
died in less than 22.5 hourss

Raw Barly cheese inoculated with straln 791 and lncubated §
days at 4°¢. produced death with sympboms of botulism of a 219 gre
guinea pilg in 48 hourse The cultured brain of this animal produced

the characteristle odor of Clostridium botulinum spollage and caused

the death of a 433 gre guines pig in less than 220 hourss

Strein 791 in pesteurized Late cheese at 4°C. for b days
ceused the death of a 235 gre guinea pig in less than 52 hours with
aymptoms of botulisme The brain of this animal produced s culture
with typicsl odor and gas production which killed a 430 gr. gulnesa
pig in 7.5 hours with symptoms of botullsme.

Fhe higher incidence of deeths with clinical symptons of

botuliasm which resulbted from this remnnet curd cheese and the mors
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alkaline pii's of these samples may well be relsted. The piHts were
often more alksline than the critical »R of 445 ot the tine tho same
ples produced deaths of guinesa plgs (Teble 2}« These plits were more
acié at 14 days and wore alkaline at 20 days then at 3 dayns. It may
be ams~umed thet the sddition t:xf rennet extract alded the formatlion
of a curd firm enough for cubting, cooking, and bottling belore ths
low ecid pH which inhibits the growth and toxin production of Clos~
Eridien botullipus has developod, and it is coneceivable bthat such a
cheege night develop hish toxlcity. In 20 days the samples are a0
overgrown with molds that the more alkaline pH noted is no longer in

the inhibitory ranse for ¢

botulinum, but so many changes

gltridivs
have Ttalten place that predictsbility of toxicity is poor since the
flora of the cheese has slitered greatly in character.

Bxporiment IX

Pagteurized and row skimmed milk coagulated with rennet ox~
troct were bobtled afﬁarv‘?l hours at room btemperature. IDetoxifisd
spores of Closbridium botwulimm, type A, strain 701, and type C,
strain 827 were used as lnocula. Times and temporatures were a8 in
Experiment VIII but feedings were at 0, 5, 18, and 16 days. The
pliits of the samples are given in Tabla 3

There were 72 experimental feedings of the cheese and whey
asmples to guilnea pigs, resulting in 1 death fron mmﬁaﬁ;ﬁ A 332
gre. guinea pig fed raw Late cheose inoculated with Clostridium bobu-
dinum, type G, straln 827 end incubsted for 12 days at roon tempera-
ture died in less then 42 hours. The cheese sample causing death
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death of & 392 gre guinesa pig in less than 25 hours with typlesl
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DISCUSLION OF RESULTS

The results of kxperiment III through IX are given in
Table 4«

TABLE 4
EXPERIMENTAL HORTALITY
Experinent | Total | Uninoculsted Deaths Deatha 4
Humber Animals Control vith Symptoms| w/o Sympboms| Hort.

Pad Animals Bobulim Dobulisn Bote

I1I 16 g

0 2 0
Iv T4 16 0 1 Q
v 92 14 1 0 l.28
VI 78 id o 1 0
VII 76 16 O ¢ 13
VIII 93 20 3 G 4el6
IX 72 16 1 ¢ 1.78
Total 530 102 5 & 126

of a total of 500 pulnes pizs fed cheose or whey, of which
398 recelved samnles whieh hed besn inoculabed with detoxified
spores of {lostridimm bobulirum, only 5 donths were proven to be

fron botulism, or a nortality of l.26 per cendi, and that largsly
from the deathis of guinea pigs less than 250 gre in weights This
would seem to indicate that it is possible for cotiage checsne made
by the technigques described snd under the conditlions imposed, to be-
come toxle ag a result of the gernination, growth, and toxin produc-
tion of spores of Clostridium botulinum, however the probability -
seema slight that toxieclty sufficient to be measursble Ly methods



used here will rosult.

0f the 5 deabtlis abiributable %o botullsm, Clostridiva bobu-
dlmrs, type B, sbraln 7853 caused 1p tyne B, strain 791 coused S H
and‘tm:r@ C, straln 8I7 caused 1. Type i, strains 701 and 702, &1d
not cause any saples of checsse or whey to becume Loxic. Four of
the § deaths resulted from cheese mnde by the addition of rennet as
a coarulating agente These 4 dentiis from 128 aninnls fed inceulabted
sarples (Emperiments VIII and IX) constitute a mortaliby of 5,108
per centy n8 compared to 1 death of bobtulism from 270 inoculnted
sainplos of acld curd cheese, or a norballity of U.57 nor cente 3he
less acld pli's ocourring in the remnet curd cheose is probably papte
1y if not wholly responaible for the srester muwber of denths re-
sulting from bobullsme

The toxicity of sterile milk inoounlasted with Clogbridimm
botulimm spores (Experiment II) at pita of 3.5 to 6.15 indicates
that sterile mill: 13 a suliable substrate for orowth and toxin Dro=-
duction of Clostridium bobulimim at nH 445 throuwgh pH 5,15, with the
particular sbtroino used, and unaatisfactory for doxin nroduction ak
Pilts of 3485 anx! 4e'e These results, vhon compored with those obe
tained with wsaberilized choose, may indicabe that pH 18 not the on~-
1y factor detormining ?mathaz“ a cheose gmaple will or 7111 not be-
come toxic because of the presonce of Llostridium botullimwy, but
that o combination of fasbors, such as pH, symblotic relstionships,
acid ubllization by other argmm, end toxin destruction by other
orgenisms deternines toxicitye

The streing of Glostrldiwm boinlirum end techniques utilised
in attenpiing o duplicate the work reported by Hevin (1921) did not
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reproduce her results (Experiment I). Cottage cheese inoculabed

with a loopful of 438 hour broth culture of Clogtridium botulinum was

not rendered toxic to RE0 gr. guinea pigs in 1 ml. anounts.

The fact that the sheep brain cultures from which the loop=
ful of vegetative cells of Clostridium botulinum used as an inoculum
was taken, proved toxic when fed to guinea pigs, proves thst the
incculum 1tself contains preformed toxin. This work of Nevin's was
the pioneer work on botulism from cheess in Amerieca, and a lot that
is now known was not then lmown, which probably accounts for her
technique not employing detoxified spores. In spite of the addition
of preformed toxin to the cheese, sufflclent toxin was not present
to kill guinea pigs fed the cheese after incubstlion. This may indi-
cate the unsultablensas of the aeid curd cheese for further growth
and toxin production by the vegetative eell inoculum of Clostridium
botulinum, or the destructlon of even the preformed toxin by orss- .

nisms or envirommental conditions in the choese.



CONCLUSIONS

Cottage chesse inoculated with vegetaoative cells of Clostrie
divwm botulinum, using techniques reported by Nevin (1921), did not

become toxic.

Sterile mllk acidified with lactic acid to pH's of 6.15 to
345 became toxic after inoculatlon with detoxified spores of {los-
tridium botulinum, type B, strain 783 at pH's of 445 to 6.15 but re-
mained non~toxic abt pH'S 345 and 4404

In seven experiments invelving the making of cottage cheese
and its inoculation with various strains of wioabridiuwm botulinmum,
500 experimental feedings were made to guinea pigs. Of the 398
enimals fed inoculated cheese, 5 deaths were traceables to botulism
for a mortality of l.26 per cent, indicabing that under the condi-
tions imposed by the experimental techniques described and with the
strains used, it is possible for Clostridium botulinum to produce

toxin in cottage cheese, but not probsble.
more deaths resulted from inoculated rennst curd cheese than
from aeid curd cheese, and from lostridiua botulinum, type B, than

from types A4 and C.
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