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INTRODUCT ION

At a meeting in Malmoe on 12 March 1960, arranged by the Swedish
Institute for People's Health (Statens Institut for Folkhilsan), bacterio-
logical control of deep-freezed articles was discussed. Possible risks of
development of aneorobic micro-organisms, especisliy Cl. botulinum in
vacuum-packed articles, were also discussed.

At the invitation of Aekerlund & Rausing, Ltd., a preparative
symposium was arranged in June of 1960 in order to diacuas whether vacuume
packing means increased risk of botulism.

The participants of that symposium considered it desirable that the
work be continued and be given a broader basis and that another symposium
be arranged in which representatives from our Nordic neighbor countries
would participate after the results of new investigations had appeared.

Such a symposium was arranged in Goteborg on 15 February 1961 at the Swedish
Institute for Food Preservation Research under the chairmanship of Prof.
Orjan Quchterlony of the Goteborg University.

At the request of the participants, the collected speeches are
herewith edited. The speech by A. Johannsen, City Veterinarian, was part
of the investigation that he has made at the request and cost of Aekerlund
& Rauvsing, Ltd, and the invastigastion in its entirety has been placed at
our disposal for publication through their kind cooperation.

Gosteborg, 1 May 1961
Exik von: Sydow
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CLOSTRIDIUM BOTULINUM

A Literature Study by Nils Molin

-

Clostridium botulinum was first isolated by Ermengen in 1895 in cone
nection with an investigation of the reason for a case of food poisoning.
The appellation is the same for several types of bacteria, which all produce
toxin with similar pharmacological effects.

The antigenic characteristics of the toxins form the basis of their
classification. The following types have been isolated: Cl. botulinum,
types A, By C; D, and E. Type C is further divided into two sub-groups.
Antitoxin produced of one type does not neutralize toxin of another type,
with the exception of C and D which to some extent seem to be able to replace
each other. Biochemically there are two main groups. The one is proteolytic
in its nature, the other saccharolytic.

Cl. botulinum is a rod bacterium that produces spores and is strictly
anaeorobic. Young cultures are gram positive. Boroff and his collaborator
found in 1952 that Cl. botulinum, type B, quickly lost its gram positive
quality, in which process the bacteria became thinner and thinner and finally
came apart in gram negative rods. Like most other anaeorobes Cl. botulinum
can grow in the presenci of oxygen if the red-ox potential in the medium is
sufficiently low. According to Dack and Willisten in 1929 the vitality was
considerably decreased in young cultures of type A and B when these were
exposed to oxygen. The age of the culture and the composition of the medium
turned out to affect the resistance of the cells. The non-proteolytic rods

are more sensitive to oxygen than the proteolytic ones, sccording to Gunni-
son and Meyer, 1929.

Cl. botulinum makes great demands upon the composition of the nutrient
medium. It is considered that most rods demand the amino acidas L-alanine,

L-phenylalanine, and arginine. The growth is atimulated by, among other
thingss glycine, ornithine, creatine, and sodium valeric. 1In 1929, Guanison
and Meyer investigated 33 rods of both American and Ruropean origin with
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regard to their proteolytic and peptolytic qualities. They found that all
investigated A-rods and all American B-rods could attack protein and its
broken down components. The Buropean B-rods varied in proteolytic activity,
and types C, Dy and B vere on the whole not capable breaking down protein.
Gunnison and Meyer state that when the non-proteolytic rods grow in food
they only give rise to an acid smell which reminde of lactic acid ferwenta-
tion, while the presence of growing proteolytic rods produces a typical
rotten smell. Most rods in Gunnison and Meyer's material were saccharolytic
and could break up glucose, fructose, and maltose. Proteolytic rods are at

times called Cl. parabotul inum.

The botulinum toxins regemble each other pharmecologically in that
they all give rise to botulism. The toxin of types A, B, and B, as well as
certain C rods, attack human beings. Botulism in minks has been associated
with toxins of types A and C. Types B and C have been isolated in affected
birds, and types C and D in ruminants.

It was formerly thought that the toxin 18 a product of the metabolism
of the bacteria and secretad in the surrounding substrate of living
Clostridia. Later, scientists have shown that the botulinus toxin is not a
true secretion, but rather an autolytic product, basing this view upon obser-
vations that young cultures in the logarithmic phase of growth do not produce
maximal amounts of toxin. In experiments in 1959 and 1960 by Bonventre and
Kempe the toxitivity of the extracellular and intracellular toxin at the
end of the logarithmic phase of growth was only 107% of what could be
demonstrated when the autolysis was complete. The authors believe that
during the active growth a protoxin is produced which later, when the cells -
are autolyzed, is activated and freed with cooperation of proteolytic
enzymes. Type A has been described as the strongest toxin and a lethal 6
dose for a person of 75 kilos has been estimated at approximately 0.15 107

gram.

Cl. botulinum of type B was demonstrated for the first time as late
as in 1937 and the toxin has not yet been purely produced. High mortality
in connection with E«botulism indicate that it has high toxicity. Labora-
tory cultures of type B have, however, so far given very low toxin results,
when compared with cultures of typss A, By C, and D. It is possible that

man is more sensitive to this toxin than the experimental animals usually
used.

The botulinus toxin is quickly dcotroyed by heat. Type A toxin is
destroyed at pH 5.0 when the heating reaches 80°C. In experiments by
Bonventre and Kempe, their rod of Cl. botulinum, type B, grew in temperatures
up to 489C, but at that temparature the toxin was insctivated in part. At
temperatures between 10 - 18°C g certain growth and toxin formation took
place. The toxin was at these temperatures very stadble, nd, therefore, an
extended incubation period had a lengthening effect on the toxin (Fig. 1)
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In the experiments of these scientists the culture filtrate of (Cl,
botulinum contained after 190 hours toxin with a strength of 500 mes.
Minimal Lethal Dose (M.L.D.).

Scott and Steward, in 1950, noted that preserved vegetables contained
substances vhich protected the toxin from falling apart when heated. The
heat stability varied for different products. The protective effect of
various ions is highest in solutions with high ion strength. Especially
Ca** and Mg**- ions have proved to have great protective effect.

In the literature the botulinum toxin i{s traditionally described as
toxic when orally consumed because it 1s not affected by the digestive
juice.

Halliwell, in 1954, treated pure, crystallized type A toxin with
pepsin, trypsin, and papain and found that papain had no inactivating effect,
that pepsin caused weak detoxification, while the toxicity was much de-
creased by trypsin.

Pappenheimer, in 1948, pointed out that it is difficult to imagine
that a substance with as high a molecular weight as the botulinum toxin
could be absorbed from the intestinal region, and thinks it plausible that
the toxic molecule is in part broken up into toxic fragments by proteolytic
enzymes.

Coleman, in 1954, reported that crystallized A-toxin had no poisonous
effect on mice, when given orally. The experimental animals were, on the
other hand, killed by intraperitoneal injections of the same.

When evaluating these results we must take into consideration that
earlier observationsof the oral toxicity of the botulinum toxin on the
whole are based on relatively unprepared toxin filtrates. Ccleman hints at
the possibility that some unknown facto:r which gives the toxin the oral
effect is lost in isolating and purifying processes.

It is reported that ethyl alcohol can break up toxin in model
experiments. People whc consumed alcohol in connection with meals, after
which cases of botulism occurred, have in many cases survived, while their
nore sober neighbors at table lost their lives. Uneven distribution of the
toxin in the food may nautrally also have an effect, as vell as differences
in resistance to the toxin in different persons,

The information about the effect of NaCl upon the growth and toxin
formation of Cl. botulium varies somewhat in the work of different authors.
Tanner and Evans, in 1934» reported that 5 our of 6 rods that they had
studied were comgletely stopped in their growth only when the NaC! concen-
trations reached 8,5 = 10.5% They also found toxin formation without
noticeable growth at 10.5% salt. Other scientists, Scott for inatance, in
1955, found that 5% salt wholly stopped the growth while the toxin formation
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stopped at 6% NaCl. The limit values of salt tolerance are to some extent

dependent upon the nutrient medium in which the organism has been cultie
vated,

Cl. botulinum lives saprophytically and does not give rise to infece
tions with consequent secondary cases. Botulism is thus a poisoning due
to consuming of the botulinum toxin. The food in question does not need
to include vegetative cells in order to be poisonous. Only brain and nerve
tissues seem tn be affected by botulism. It has been reported in some
cases that Cl. botulinum can infect wounds dirtied by soil. Different
animal species vary with regard o receptivity to the botulinum toxin.
Guinea pigs are, for example, twice as sensitive as mice. Per unit of
weight, man is as receptive as mice.

The formaldehyde toxoid can be used as an immunizing antigen to
bring about active immunity from the botulinum toxin. This method has been
tested on cattle and sheep in Australia.

The botulinum toxin is & good antigen and antitoxic sera with high
titers can be produced. Under experimental conditions these antitoxins have
prophyiactic value.

Cl. botulinum in nature

Cl. botulinum has been isolated from soil in various parts of the
worlde Type B has been isolated in soil from Belgium, Denmark, Bngland,
and Holland, and type A was isolated in Swedish soil specimens by Faehraeus
in 1949 and Dubowsky and Meyer in 1922, who found that types A and B were
relatively universal, while C was only detected in certain special areas.
Type B, which has most often been noted in connection with botulism in
fish products, was isolated by Dolman in 1957 in a soil specimen from
Canadas and Pedersen, in 1954, found Cl. botulinum, type E, in 23 out of 60
zoi]l and slime apecimens from the ocean bottom.

The ways of the spreading of Cl. botulinum in ngture are in part
unknown, but several observations seem to show that the organism is spread
in insects, rats, birds, and fish. Information to this effect has been
reported by Bengtsson, in 1922, who isolated Cl. botulinum, tvoe C, from
fly larvae (Lucilia caesar) and who, furthermore, noticed that chickens
who ate such larvae often died, showing symptoms which resembled those
which are described as typical of botulimm.

Cunderson found in 1935 that a bestle of the Bnochrus species cone
tained toxin of typs C. In 1925 it was reported that approximately one
million birds were killed by botulisa in s single epidemic in eastern
Oregon of the US. In the US, a comprehensive study of the frequency of
botulism in oea birds has been conducted for some years under the leader-
ship of the Public Health Service and the Fish end Wildlife Service.

.




In South Africa and America botulism in cattle has long been a great
problem. The disease has been concentrated in areas where there is a lack
of phosphorus in the soil, and the animals are then often forced to turn to
the bones of dead animals to get the phosphorus they need. These dead
animals have often proved to be-infected by Cl. botulinum, and toxin and
spores can thus be transferred to healthy animals.

Rats are reported to have a high natural resistance to botulism and

excrement of apparently healthy rats has proved to contain spores of Cl.
botul inum,

Finally it may be mentioned that a number of water plants have
proved to be satisfactory media for growth and toxin formation of Cl. botulie
num, for example, Iypha latifolia, Phragmites communis and Scirpus species.
Rotten parts of plants in water where there is shortage of oxygen may theree

fore be another ecological niche for the growth and spore formation of Ll.
botul inum under natural conditions.

Articles of food which cause botul ism

What risks are there that Cl. botulinum will grow and form toxin in

articles of food which are either preserved in the home or commercially
hermetically sealed?

To start out with commercially hermetically sealed food articlaes, it
cen be quite categorically answered that the risks gre astronomically small.
The fact that human botulism due to consumption of commercially canned food
has not been reported over the last 25 years shows how safe our commercially
produced food articles gre from the point of view of botuliam.

Food articles, hermetically sealed in homes, have during the same
periad of time caused a considerable number of csses of botulism, but also
that aspect of the problem is not of much current {nterest.

The risk of botulism is a little greater when we coms to fresh and
pasteurized food articles (heat, chemicals, radiation) which normally
demand refrigeration, but we must stress that hers also ve are only dis-

cussing theoretical risks. Thare are no cases of botulism to verify our
suspiclons.

The greatest. factor of uncertainty is psrhaps that the methods which
the industry has set up, on the Lasis of exparience, to elisinate patho-
genic organiens in food articles do not inform us of what safety factors
in a certain process of a certain food article prevent the growta of Cl.
botulinum. “Luncheon meat" -« to take & concrete example «- is normally
sterile in spite of the fact that this product is not heat-treated at
temperatures which alone could kill the bacterial spores. 1Is it then a
cooperation between heat-trestwent, sdded nitrate and nitrite, natural
inhibitors in the substrate and pH that kilis the apores, or is it « singla
ons or a couple of thess factors that are decisive?
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o Ball and Olsson sum up this problem in the following manner: "This
v is an example of taken for granted safety in foods, which our most advanced
theoretical knowledge tries to convince us does not exist, but which

experience, supplemented by actual scientific tests, shows does exist."

The background of this statement is, among other things, investiga-
tions by Ingram in 1957, which indicate that Clostxidia are often present
in raw meat and that Cl. botulinum survives long periods of time in brine
to which nitrate and nitrite are added according to Beerens, 1957. Further
aspects have been obtained from results by Greenberg and his collaborators,
who noticed toxin formation in salt pork containing between 6.25 - 7.12%
salt, without detecting any unpleasant smell. When the salt concentration,
on the other hand, was below 5%, the toxin formation took place after the
product had become unacceptable from an organoleptic point of view. Accord-

ing to these scientists, the salt concentration should therefore be above
9% or below 5%

Some factors which decrease or increase the zafety margin of botulism in
food articles

Salt was in earlier times, on a much larger scale than now, & preser-
vation means, which was used in concentrations sufficient to give the food
article in question long microbiological stability even at room temperature.
Today, salt is used in products, such as pork, corned beef, sausage, etc.,
more as a spice vhich gives the flavor that suits the consumer. Instead,

o heat pasteurization is used, which, howaver, is not sufficient to give
satiafactory stability at room temperaturs. Refrigeration is a necessary
part of the work to increase the atability of a food article. If these
food articles are kept at too high a temparature for a long time, there is
at least a theoretical risk of botulism. That the risk is not especially
great is perhaps proved by the fact that only one case of botulisa caused
by commsrcially sanufactured, pasteurized pork -- which industrially seen
is a great product -- has been reported.

Factors which spparently aleso very effectively prevent growth and
toxin formation in certain food erticles are aleo their contents of growth
inhibitors, or their lack of growth factors, necessary for the formation
of Cl. bdotulinum.

Spores of Cl. botulinum and other snearobes have been isolated in
fresh ailk, and cheese prmecd therefrom probadbly often contains botulinum
spores. Nevertheless, only one case of botulism has been reported after
consumption of commerically produced chesse. In an experiment in 1956,
Wagensar and Dack found that cheeses wvhich had been inoculated with 10,000
spores/g of a blend of types A and 8 did not contain any toxin, even after
pressrvation up to six months at 90" ¥ (32°C). The number of living spores
even decreased successively during the pressrvation period. It has dean
proposed that unsaturated fatty acids, produced during the ripeming of the
cheese, prevent outgrowth and growthof spores ia cheeses.

0
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As far as is known, there is no reported case of botulism in con-
nection with commercially produced, so-called half-preserves, of fish.
It is not clear what constitutes the safety factor in this case, but it is
probable that it is the combination of salt, preservatives, and a relatively
low pH that gives a satisfactory safety margin. The bacterjocide effect of
benzoic acid, which is the most used pieservative in this connection, is
considerably greater in the presence of NaCl in the nutrient substrate,
according to what we have exnerienced at the SIK (The Swedish Institute of
Preservation Research). NaCl concentrations, which alone do not prevent

the growth of test bacteria, also enhance very much the effect of benzoic
acid.

In homes and to some extent in bigger households, fresh herring 1is
still put in a marinade where still most often the only preservative used
i8 vinegar. These marinades are often mostly anaeorobic. Bven if the
vinegar in these marinades decreases the pH to acid levels which makes out-
growth of Cl. botulinum impossible, the conditions within the swelling fiah
muscle may be favorable to outgrowth during a sufficiently long period to
admit toxin formation. This can happen very quickly. which is demonstrated
by a case in Germany where botulism developed 15 hours after consumption
of pickled herring, marinated in vinegar for four days before the consumption.

Also the potential risk that botulinum toxin will develop in deep-
frozen fresh foods, if these, before refrigeratiom or after defrosting,
have been badly maltreasted, has been diascussad by a series of food
bacteriologists. Ready-to-eat deep-frozen dishes which usually receive
only a relatively mild heat treatment have slso been paid attention to in
this connection. The heating that takes place in this case is not sufficient
to kill spores of Cl. botulinum possibly present, and since the saprophites
which are antagonistic to GCl. botulinum are more or less completely killed
off by the heating, there is the risk that toxin would develop in many such
substrates if the dishes are kept for a long time after defrosting.

The examples I have mentioned earlier of the psychrophilic character
of certain Cl. botulinum rods which mskes outgrowth poassible down to +10° C,
and the observation by 5hyc and Scott in 1953 that certain E rods can grow

all the vay down to #5° C shov that this condition can be of a certain
importance.

Thus, Tenner and collaborators found in 1940 that deep-frozen spinach
and beef which had been inoculated with Cl. botulinum and then defrosted
and kept at ¢10° C were toxic sfter four days. these cases there was
little break-up of the food article. Straka and Jemes found in 1933 that
out of 8] {nogulated specimens of deep-frozen peas which had been kept for
a vweek at +10°C, ons vas slightly toxic. Saleh and Ordal found in 1935 in
their experiments that vhen defrosted specimens of desp-frozen chicken verse
kept at )0° C, toxin developed in three casss of 12 specimens vhich wers not
inoculated in edvance. This suggests that infection of spores of Cl.

botul inum in certain cases is not uousual.
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The same scientis:s have, on the other hand, reported that no toxin

was formed in chicken inoculated with Cl. botulinum spores, deep-frozen,
and after defrosting, kept at ¢10° C.

An interesting possibility of increasing the safety margin with
regard to, botulism is sketched in a work by Saleh and Ordal., They account
for tests when certain lactobacilli rods were put into deep-frozen chickens

which were inoculated with Cl. botulinum. BEven after five days' incubation’

at 30° C none of the 16 specimens which had been inoculated with both
Strept. lactis and Cl, botulinum showed any toxicity. When Cl. botulinum
alone was inoculated, toxin formation took place in many of the tests. The
rod of Streptococcus lactis, which had a protective effect, produced anti-
biotic nisin, and therefore the protection may have originated not only

from the decrease of pH due to produced lactic acid, but possibly also from
the nisin.

The use of ionized radiation to increase the stability of certain
foods 18 a new method, which will possibly be introduced on 2 commercial
level. In this connection, among other things, the possibility of radiating
deep-frozen foods to extend their stability after defrosting, which would
be of great importance for the distribution of deep-frozen foods in many
underdeveloped countries, has been discussed. The radiation doses would
in these cases not be sufficient to kill the Cl. botulinum spores, but the
vegetative cells of the saprophytic flora would partly be eliminated.
Whether the extended stability acquired in this manner possibly influences
the safety margin with regard to toxin formation by Cl. botulinum after
defrosting must be investigated before such treatment is begun.

Human botulism is fortunately very rare and the disease is completely
unknown in certain countries. The geographical distribution is very
irregular. Thus, the reported cases of botulism in the US during the last
S0 years are to a very high degree concentrated on the West Coast, while
only occasional instances are reported from the central and eastern areas.

Most cases in the US have been caused by home-preserved vegetables;
string beans, corn, and spinach have especially been pointed out. These
food articles seem often to offer a suitable milieu for toxin formation
before the present saprophytic flora has made them inedible from the point
of view of taste. Corruption of meat products on the whole takes place
faster, and therefore the risk of running across a meat product which is
acceptable from the point of view of taste and contains botulinus toxin
is possibly leas great.

The frequency of botulism in the US during the years 1889-1949 is
shown by Meyer in 1950; see Fig. 2.

The frequency of botulism, divided smong various foods, appears

from Chart 1. As can be seen, spring beans, corn, and spinach are responsi-
ble for most cases.




o e e e et e e o e e

The commercially produced food articles which in cervtain contaxts

gave rise to botulism in the 19208 were in the first plac~ spinach and
olives. :

Imported champignon mushrocus, canned in the US, and impcrted,
canned sprats from Germany were regponsible for other cases. Most cases
in the US were caused by toxin type A.

Most cases of reported cases of botulism in Surope were in coanection
with consumption of meat products, and most offen it has been toxin of
type B that has been detected. On the whole, mortality has beem considexably
kigher in the US than in Burope.

Further, data regarding casea of human botulism from all over the
world a.e put together in Chart 2, according to Meyer, 1956.

Of special interest is the great number of cases reported from
France {n the years of 1940-1944. Mort cases were, however, not Serious
and only about 2% of these were fatal. In Cherts 3 and 4 we find the
frequency of botulism in Norwsey and Denmark. These data we got from
Dr. Skulberg with regard to Norway and {rom Dr. Bang Jensen +#ith zegard to
Denmark. The Scandinavian caSes were to a preat extent caused by Eish
producis.

Many cases of botulism are also rcported from Russia. Thus, the
first culture of type E was isolated from sturgeon in the Ukraime.- In
1627 it was reported that botulism spread more and more in the USSR and. -
that there had been difficult outbreaks in, among other places, Odeasa .
and Charkow. Unfortunately, there is no statistical information about the
development in that part of the world aftex 1927,

Botulism, caused by toxin of type B, has since 1927, when this type
was first isolated, been reported from the US, Canada, ard Japan, and in
all cases after consumption of fish products.
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TABLE 1

FOODS INVOLVED IN OUTBRBAKS OF BOTULISM IN US AND CANADA

1899 = 1949 (Meysr, 1950)

Foods g::;ka Caseés Deaths

Vegetadles

String beans 98 246 189 Three comm. packsd

Com 49 100 72 One " "

Spinach or chaxd 24 102 50 Ten n "

Beots 24 31 54 Txo n "
.| Asparagus 23 53 42 Home canned

Olives 14 . 73 40 Twelve comm.packed

Chili peppers 14 55 37 Home canncd

Peas 12 37 17 " "

Figs 11 22 12 " "

Beans 9 18 11 " "

Beet tops 9 28 18 " "

Tomatoes 8 23 12 " "

Mushrooms 7 30 10 " "

Apricots 4 18 13 " "

Okra 3 7 2 n "

Peurs 3 3 2 " " !
Meats

Sausage 6 9 5 Two comm., preserved
Ham 5 21 18 One " "

Besf 5 16 9 Home presexrved

Chicken 3 3 0 " "

Pork products 3 10 7 One comm. packsd }
Blood sausage 2 5 Home preserved '!

lamdb stew 1l 0 Homo canred I

(continued)
«l2




TABLE 1 (continued)

T e Te . Ak et AR

GEOGRAPHICAL DISTRIBUTION, INCIDENCE, AND NATURE OF BOTULINOGENIC FOOD

Foods g::;ks Cases Deaths
Sea foods
Salmon 8 21 9 One comm. canned
Tuna 7 24 14 Three " "
Clams 5 12 10 Four " "
Saxdines 4 7 6 Three " n
Milk products
Cheese 18 8 Home prepared
Milk 5 0 Two comm, cenned

TABLE 2

o

Source . | Number |Number |Number ' Type of botulio§enic
of . of epi-{ of of ! food (confirmad
Country Period figures | scdes |cases |deaths | animal \ Vegetan e
: | products | products
Europe ! i !
Austria-Hungary 1891~1909 |Compiled | 4 | 14(2) , 4
Belgium 1894-1906 " | 3 | 38 3 3
Chechoslovakia | 1921 Sieber 1 i 2 0
Denmsrk 1906 -46 Dyggve 4 13 3 4
" 1951 Pedersen 1! 6 0 1 (fish)
France 1875-1936 |Compiled | 24 3 L
" 1940-44 | Légroux 500 1000 15 163 (93 & 6
et al. (app- | pork pro-
TOX. i duets)
" 1945-48 Verge 85 }
" 1950-54  |Compiled 5 | 26 2 |5 (5)
Germany 1898-1923 |Knovr 77 1348 1 60 74 3
" 1629-31 Meyex 33 { ; 33
" 1933-38 " 153 414 41 1153 (14) 1
" 194347 " 1 ;5% 10 |18 (38)
" 1948 " 10 | 33 2 |7 (3 fish
" 1949 Farchain 9 | 13(2) | 13 |6 (fish) ‘
n 1923-48 |Verge 357 950 ; M9 |307 e :
(continued)
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TABLE 2 (continued)

r Source NMumber |Number | Number gg : zzogf:;zgemc |
Country Period of of epi- of of animal |vegetable .
figures |[sodes Cases | Deaths products |products
Great Britain | 1922-54 , Compiled 7T 1B 1B T
Ttaly 190322  |Pitini 2 5 | 1| 2 (2)
Pisani . :
J Netherlande 1935-54 | Compiled 5 112 2 5
‘ Norway 1934-42 " 4 110 3(7) | 3
Poland 1920-26 " i 20 14
Sweden 1933-49 " 4 1l
1 Switzerland 1885-1932 " 3 %6 i 5
Russia 1878-91 " | 288 D1
" 1818-1913% | Matviev - 609 . 203 éagl]:n 0i~
USSR 1917-26 52 35
" 1937 Zevadovskdya 168 56
(quoted by
i Dolman &
Chang)
Yugoslavia 1916 Novotny & 1 1
Ringel
'‘South Americe
OArgentina 1920-26 | Pando 2 8+ T+ 3
North America
Canada 1919-54 | Dolmen. 14 | 63 35 | 3(meat) 6
USA 1899-1954 | Meyer & 514 | 1350 | 861 33(?_1222“ g
Eddie 28 (fish
8 (milk)
Australia. 1948 Gray 2 32 7 ; 2
Japan | 1954 Matsui 6 25 10 | 6 (fish) \l
L e e —— e

Bull, Wld Hlth Org, 15 (1956) 281-293
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TABLE &4

REVIEW OF CASES OF BOTULISM IN DENMARK

Persons
Year Reported By Made Il1 Fatalities Food
1901 1’ he Madsen 4 4 Salted mackerel
1913  N. Hbeg 1 0 Canned salmon
1930 C. Schondel 2 2 Boiled liver paste
1938 M. Trane 6 0 ?
1938 C. Schondel 2 0 ?
] 1939  C. schondel 3 3 Salted herring
1946 H. Dryggve 2 2 Salted herring
1951 J. Pedersen & 6 0 Fresh herring in oil
A. Christensen
1956 Bang Jensen & 2 1 ?
F. Hahnemann
0 1958 Bang Jensen & 4 1 Boiled liver paste
F. Hahnemann
R901-1958 32 13

Bfrge Bang Jensen og Fin Hehnemann (1959) Ugeskr. Laeger 121/36
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A PAPER ON INFECTION AND TOXIN FORMATION BY CLOSTRIDIUM
BOTULINUM, TYPE B, IN FOOD ARTICLES AND AN EVALUATION
OF PREVENTIVE MEASURES AGAINST IT

by
H. O. Pedersen

If I vere asked to classify the botulinum bacteria, I would divide
them into two main groups, of which one would comprise types A, B, C» and
D and be designated the terrxsstrial botulinus group and the other type B
with the desigration of the marine botulinus gruoup. Additional designa-
tions would refer to the natural sanvironment of the bacteris =- in the
first place land and sea.

I shall try to justify my audacious statement by giving some
eagential facts.

Since I shall in this paper exclusively deal with type E, 1 want to

mention that in 1936 it was classified as a special type by Gunnison,
Cuamings, and Meyer (1937).

As ve know, the naturasl environment of the botulinus bacteria has
up to now been considered to be terrestrial. However, this does not sesm
to bear upon type E. Thus, both Danish (1954) and Japansse (1956)
investigations have shown that type E appears in unisuai density in aud
and sand in coast areas and even in deep-water slime.

The chart shows the frequent appecsence of type K within the harbor
ares of Copenhagen {(Chart 1). ’

Thet water-dwelling creatures are apt to get type & mixed with their
intestinal flors is then not s0 remarkable, sad there are al®so several
scientiste, Dolman (1957), Prewot (1951) Nekamura and others (1956) who have
isolated this bacterium from the intestimal contents of fish.
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These investigations constitute the essential basis vhen we count
type E as a special marine botulinus group.

It is probable that the E spores are very unevenly distributed in
the various ocean sreas. At present it is believed that the spores appear
with great density in ocean areas which border Canada, Greenland, Japan,
and Denmark. On the other hand, investigations of coast areas in Australia
have given negative results with regard to E-spores (1957).

One can naturally not sharply differentiate between terrestrial
and marine areas, since soil particles to a great extent are brought to
the oceans through floods and watercourses, just like, on the other hand,
infected materiasls are brought in many vays from the oceans to land areas.
Typs B has thus also repsatedly been pointed out in investigations of soil
specimens (Dolman 197, Pedersen 1954).

1f the above observ:tions are correct, the natural conclusion should
be that it is exclusively, or almost exclusively, marine products that

become infected with type Kk and cause E-botulism in people, and that is
the true situation.

Dolman (1953, 1957) has, at some years' interval, mapped all knowm
cases of E-botulisn. Unt?l 1953 there were only 10 outbreaks of E-botulisa
Teported. At the present time the number of outbresks has increased to
about 40 and there will surely steadily be new cases.

If we investigate wvhat food articles have caused the intoxication
ve find that it has been in all instances marine products. In most cases
it has bean fish or roe which has been treated or prepared in some vay, but
not heated. Thus, it has been ravw products. Defective, home-cooked fish
snd rav meat of ocesn mammifercus animals like the white whale have also in
sone cases been involved in the outbreais.

The vays of treatment of the food articles have on msny occasions
besn peculiar and hap-haszard, but what {s comeon to them all is that they
have naver bsen eaten immedistely after the preparation ad that they have
even been left to fermmt for » long time.

Most of the cases ol E=-dotulism have occurred among peoples (Indimns,
Eskimos, and Japaness) where the understanding of basic hygienis concepts

is alight, but there have aleo been ceses in such enlightensd couatries
a8 the Scend'aavimm. ’ '

The special circumstances which play & role here are that a suaber

of psople <= perhiaps most people <= like t0 sat rew fish in cae vay or
asother . '
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It may be surmised that in many cases the fish while alive is
infected through infected water or infected food, but, on the other hand,
it is also possible that the bacteria are acquired in connection with the i
cleansing and processing, among other things, through hands and tools which
have been in contact with infected material. It cannot be excluded
either that the formation of toxin cen take place in fish refuse and rooms
which have not been sufficiently cleaned.

Bven if type F has many characteristics in common with the other
types, one will find when investigating its physiology that on ssveral
essential points it possesses its own distinctive stamp.

An especially important genetic factor is the temperature zons of
growth of the bacteria. Ohye and Scott (1957) have investigated the
growth of ten type E rods at temperatures between 2.5 and 45° C.

The lowest 8cnpeutuu for formation of spores and growth was ¢
and the highest 45 C, but at that high tamperature oaly 5 of the 10
investigated rods showed signs of growth. The biggest cell yield and the
strongest growth is reached at 35° C where there is about 1.8 divisions per
hour. At 37.5° C the temperaturs coefficient is already negative and the
growth curve goes steadily dowmwards. Ohye and Scott (1953) have also
investigated the growth of twenty A and B rods and established that these
two types give almost identical wesults (Fig. 1).

o If one compares the growth curve of K with that of A ¢ B.oonc will
notice that the minimum temperature for growth of K rods is 8-10° C lower
than that of A ¢+ B. The other growth temperstures likevisa shov shifts
(5-7° C) toward a lower temperature zone.

Another important difference between type K and the other types is
the temperature tons of toxin formatioa.

It {s found out that lf one grovs typa £k at n° or at higher tempera-
tures over a longer pariod of time, one will have no or only a little toxin
yield., I have investigated this matter more clotely with regard to 3 rods.

As can be semn from the curves (Fig. 2) thers is a woderats toxin
production during the first days, but in the course of about 8 days there
is literally oaly a backward trend.

Somthing similer is epparent in the tadle (Table 1) ~« cultures
gromn at )7 C do 2ot yicld amy toxin.

If onss On the other hand, lowers the growing temperature to X° C
or balow, there does not seem tO be any appareat disturbance of the toxin
production

O «19.
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Figure 1 « Relation between the mean rate of growth (R), the temperature

coefficient of R, and the tempcrature (t) in N.Y.G. medium,

The curve A and B shows the mean values of R previoualy obtained for

types A and B streins (Ohye and Scott 1953).
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The heavy
vertical lines show the mean value of R ¥ its atandard error; the light
vertical lines show the range of values observed at each temperature.
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Figure 2 - The toxigenic activities of three type E strains at 30°

This figure (Fig. 3) shows toxin production at 30° ¢. Te maximal
toxin amount is reached after about &4 days and it keeps constant over a
longer period of time. The curves show further that the individual rods
display differences depending on the substances in which the toxin forma-

‘tion takes place, !

Since there may be a connection between the growth of the bacteria
and the toxin production, one can surmise that the unstable toxin pro-
duction at 37° C is an expression of the great disturbances which affect
the bacteria's growth at that temperature. This is also in harmony with
the fact that the temperature coefficient has become negative.

It is generally recognized that the botulinus types A and B produce
very thermoresistent spores = spores which can endure cooking for a long
time. Type B spores are not at all in possession of this quality. On the
contrary, when it comes to heating, the E spores belong among the very
sensitive bacterial spores.
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The statements made by various scientists with regard to the
destruction of E~-spores by heat vary somewhat, which is not remarkable
when one takes into consideration that most investigations have been based
on cultures in which the number of spores has not been known. There is,
however, so much agreement between the various investigations that one can
say it would hardly be possible to find liveable E-spores after the materials
have been heated at 80° { for 30 minutes.

I shall refer briefly to some investigations in this field made by
Scott (and collaborators) (1957).

Unfortunately, the investigation only concerns two rods. They

found that the logarithm of the number of living spores at 3 different
destruction temperatures was a linear function of the time. The decimation
of the number of spores at 80° C with regard to the two rods took place in
the course of respectively 3.3 and 0.4 minutes. The spores of one rod were
thus somewhat more resistent than the other's. The slight heat resistance
of the spores was shown by the fact that the time of decimation of the most
resistent E-rods had to be given as 2 seconds at 100° C, which corresponded
to 1/1000 of the spore existence of some A and B rods investigated.

What one is able to conjure out of bacterial spores in the laboratory,
is one thing, however, how things occur in nature is another.

in my investigations of ocean dredge mud specimens I noticed that
out of 19 specimens, which unheated, all produced toxin, there were only
two that could do this after being heated at 80° C for five minutes during
the cultivation (Table 1).

This would mean that only 4 or 5% of the spores in a natural
environment have been able to survive for five minutes at 80° C.

I had thought that the pronounced sensitivity of the spores to heat
must be expression of the fact that the E-spores in other respects were
also slightly resistent. Thus, I considered it possible that the strong
orine frequently used by the industry for salting of fish and meat might
destroy the spores. Tests in this respect, however, gave negative results.
I used six different brines containing between 15-22.4% NaCl; five of the
brines contained nitrite in concentrations between 0.017 « 0.084% (1957).
Each brine was inoculated with a relatively small amount of botulinous
spores. The temperature during the test was 10° C.

As can be seen from Table 2, the number of viable spores after one
month was really the same as at the beginning of the test; the shifts in
the number of spores during the test were wholly blamed on technical
irregularities. -

In contrast, the A and B spores can germinate at respectively 7.3
and 6.37% salte but the spores have, however, a rather long dormant period.
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Figure 3 = The toxigenic activities of three type B strains at 379.
, Continuous line, "Greenland" s:rain; broken line, "Gl. Strand*
strain; dotted line, "Frederiksberg" strain.

The investigations have concerned the spores exclusively, because
it is most prcbably that botulinus infection of food articles can only be
caused by means of the spores since the vegetative cells are very sensitive

to oxygen and therefore usually disappear before growth conditjons are
attained.

Finally I would like to make the following general remarkss

1. Cl. botulinum, type E, is a marine bacterium, and infection thereby
seems therefore almost exclusively to involve marine products -- one
should however remember that meat can possibly be infected by spore-
carrying dust from occasionally infected land areas or due to the fact
that the food article contains infected fish (for instance,
braunschweiger).
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2.

3.

4,

S

6.

Cl. botulinum, type E, can grow and produce toxin at temperatures as
low as 5-6° C, but the amounts produced at temperatures this low will
probably be small enough not to do any damage, On the other hand, I g
consider temperatures around 10-15° C sufficient to enable the pro=

duction of lethal doses of toxin.

It takes about 4 days at 30° C in the laboratory to attain maximal toxin
production, but one mortal outbreak of Eeboutlism causeg by infected
herring which had been kept for 3-4 days at about 20-22" { was reported.

The E-spores are enormously thermolabile, and a heacing of the food
articles at 80° C for 30 minutes will almost certainly destroy the
spores.

In case my investigations of the sensitivity of the E-spores to salt
(NaCl) can be verified by other laboratories in experiments which deal
with greater numbers of bacterial rods, a salt concentration of about
47 in the product will prevent germination of spores.

The boutlinus toxin is sensitive to heat end will be destroyed in the
course of a few minutes at 80° C.

- 25 =




TABLE 2. The Survival of Cl. Botulinum in Brines

Type No. of ozt probable iu@bersioﬁ ™ re§{%%
brine gf. “8-883"%15‘,05’"%3.'1 ea:s.ié ntervala(days)
0-1 5-10 11-17 21-24 30-31

‘ A 1 350 240 240 290 540
2 540 130 170 240 540
3 350 170 240 240 350
4 350 1€00 540 350 1600 ‘
5 540 920 920 130 540 ;
6 1600 350 540 350 540 \
J s 1 350 41 540 540 920 i
2 240 180 540 540 540
3 130 350 110 110 130
4 350 240 220 75 170
5 280 350 540 540 220
6 240 350 920 350 240
‘il 1 170 79 350 540 240
2 33 27 27 240 33
<:> 3 350 170 540 240 130
! 4 540 540 540 540 350
1 5 130 49 220 130 79
6 350 170 130 . 540 130
—§3 ) 920 240 350 350 540
2 920 350 540 540 240
3 540 540 1600 350 350
4 540 1600 1600 350 540
5 1600 350 35Q 920 350
6 350 170 540 350 1600
Comments

On the other hand, it turned out in other experiments that the
outgrowth of the E spores was very repressed by relatively low

salt concentrations in contrast to the A and B types. Each culture
was inoculated with about 500 sporaes.

From Table 3, it appears that about 4% salt totally represses
germination and that at 3.9% there is pronounced dormancy.
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TABLE 3

The Inhibitory Effect of Sodium Chloride Concentration on the
Germination of Different Types of Cl. Botulinum Spores in
Peptic Digest Liver Broth

Type Selt (g/100 m1 medinm) Time to
Growth  No srowth'“)f visible growth %Sgg‘

(days)
A T2 T4 16 37
B 643 6-4 26 37
By 39 401 17 30
Eg 39 4.1 17 30

x) The negetive cultures were observed during 30 deys.

= ——
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GAMMA RADIATION OF BOTULINUM TOXIN, TYPE A AND B

by
Anton Skul berg

Extensive research today is directed at preservation of food
articles by means of ionized radiation. This reseecrch is performed in
many countries and the objectives of the individual investigations are
various. 7The main part of the research aims at clarifying the effect of
ionized rays on micro-organisms. In this manner, steriliz’'ng doses for
the various bacteria can be ascertained or ths ray doses that will destroy
certain micro-organisms in a food and for exampla have a pasteurizing effect
can be established. Other tests have as objective the mapping and clar:fi-
cation of the organoleptic changes that take place in radiated products.
Comprehensive investigations, especially in the US, aim at finding out
vhather radisted foods may have damaging effects on the animal orgsnism,

At Norvay's Veterinary University we have undertaken investigations
on the effect of ionized radiation on bacterial enzymes and toxins, I
shall here deal more closely with some of the investigations which have
concerned the botulinum toxin type A and B. The primary cbjective of these
tests hat been to examins the icactivation of botulinum toxin through
gamma radiation. Such investigations seem to have thelr justificaticn in
the fact that ionized radiation say possibly be used in the ptourvauon
of food articles.

After initial investigations it was soon reaiized :halt we did not
have adequate radiation resourcee i{n Norway for this purposs. Cooperstion
vas therefors begun with the Low Temperature Ressarch Station &t the '
University of Cambridge so that the radistion couid be undertaken in
England. The material was seat by air in order that the ianvestigationa
could be started about 24 hours after the radiation hsd been mads.
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For toxiu production we used the rods "Hall" and "Beans" of
resnectively type A and B. We used Sterne and Wentzel's method (1950)
according to which the toxin is produced in a *Cellophane bag" in a corn
steep liquor medium. By choosing particularly toxogenic cultures of these
bacterial rods we could attain toxin titsrs of the magnitude of 2 x 107

pr. al for both types. Being fully developed, the cultures were
centrifugalized and the super-natants were dialyzed in running water for
20 hours. T prevent inactivation glycerol was adied to the dialysates in
the proportion of 1312 and stored at =20° C (Cardalla et al. 1958).

The radiation was undertaken at varying pH, and th:¢ toxins were there-
fore thinned by different buffers. A phosphate buffer with pHd 6.2 and an
acetate buffer with pH 4.8 and 3.8 ware used. To stahilize the toxin,

0.27% gelatine was added to zll buffers (Duff & al 1957 a and b). These
buffers were also used as dilution liquids when the toxic activity was
detsrmined. The toxic activity in the solution of radiatica was usually
2 106 LOgy pr. ml.

After the radiation, the MLD sftuation was determined. The titra-
tion of the toxic activity was then undertaken at a! detezmination.
Bight mus (18 « 20 g) was used for each dilution group”and 25% spacing
between the groups. The LDsq values were established aceording to the
m:hod given by Reed and Munch (1938).

The toxin solutions were radiated in aumhrdi;ed ghu-tubes with
3lass-walls of one mm. thickness. The radiation was undertaken from the
aide with 4 MeV electrons from & linear accelerator with a “dose rate® of
1 Mrad per minute. The radiation was undertakes under thermo-contrsl.

The iavestigations were made &t two tesperstureas +15° and -75%. At 13°
the solucions were colled by means of running cold water and at =750

they vere packed in powlered carbon dioxide. At 15° they were glven dosea
of up to 4 Nrad and at =75° Goses up to 12 Hred. . -

Dosimetry was made by radiating solutions of cerfus: mlphat.e in
0.8 N sulphuric acid at 15° € in the sems kind of glass-tubes at the same
tize as the toxin solutions (Tainuty & al 1939). See tadle and diagrem.

lm\s.‘ of © Moelecular

Tox in Teap. PR“ ' D’-ulu_n. ) mgemmn' N veight
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As can be seen from the diagram, there is an exponential relation-
ship between the amount of toxin that is inactivated at the time of radia-
tion and the absorbed ray dose. We have not been able to point ocut any
significant deviation from this situation even in rather wide inactivating
areas. The results can thus be explained cn the basis of a “target theory,"
and ve can assume that the radicals which are formed in the water probably
react substantially on other components of the solutions without intere
fering with the toxin.

The table sums up the results. The D-velues given in Mrad indicate
the dose which inactivates 902 of the toxin, and the molecular weight is
determined in accordance with the diagrams in the book "Actions of
radiations on living cells® by D. E. Lea (Cambridge University Press, 2nd
edition 1955). The results which are given in the table with regard to
the molecular weight of type A toxin at pH 6.2 may be taken with soxe
reservation, since there are indications that a fragmentation of the toxia
wolecule took place during the process. The investigations show, hovever,
that a little toxin unit is not essily inactivated, which can be of &
certain interest if ons plans to use fonized radlation in the prassrvation
of foods. 1t is doudtful vhether the dats, found at redistion of type B toxin

“at «75% can ssrve as basis for calculation of the molecular weight because

other factors also enter into the picturs et this low tesperature.
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Earlier investigations were made by Wagenaar & Dack (1956). They
measured the inactivation of type A toxin in cheese and in trypticase -
beef heart medium. We cannct indicate satisfactory inactivation curves
on the basis of these investigations, but they suggest that an exponential
relationship between the absorbed radiation dose and the inactivation
exiatp, In these tests, the Devalues varied between 1.47 and 6.15 Mrad,

and this gives molecular weights between 150 000 and 3 000 00G, with an
average of about 1 600 000.

The objectives of our investigations have been: First, to investi-
gate the inactivation of botulinum toxin from the point of view 0f preservae
tion by means of radiation. In this respect we can say that the toxins
demand anazingly large radiation doses to be i{nactivated. The lnactivation
doses for the toxins thus seem to be of about the same magnitude as the
dose which 18 considered necessary to destroy spores of Cl. Botulinum. It
is also noted that larger doses are necessary for inactivation at quite low
temperatures. The results further suggest that smaller units of the toxin
molecule are not easily inactivated.

Secondly, the results of these investigations have contributed to
the clarification of certain important facts with regard to the toxin
itself. Moreover, there is considerable uncertainty with regard to the size
of the toxic unit of the botulinum toxin. It can be advantageous to use
radistion in such investigations because one is then not dependent on pure
production of toxin. On mary occasions such purification processes can
probably cause a change in the structure of the toxin.

In summation, one can say that these investigations seem to suggest
that radiation is not an especially effective method for inactivation of
botulinum toxins. Heat treatment can be said to be more effective and

cheaper, and will therefore continue to be the most practical treatment in
most sjtuations.

In conclusion, one can say that heat treatment is by far moxe
effective, cheaper, and more useful.
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TYPRE C-BOTULISM IN MEN AND ANIMALS

(With Special Reference to the Appearance of the Disease
in Cattle and Horsas)

by
J. Miller
Botulism, the characteristic poisoning illness in connection with

consumption of food in which Clostridium botulinum has had opportunity to
produce toxin, is fortunately not frequent among people.

The number of cases of human botulism registered in the whole world
over the last 50 years was in 1956 estimated to about 5,635, i.e., only
about 100 cases a year. The very dramatic and serious character of each
outbreak of the illness fully explains, however, the special interest which
people have always taken in this special form of food poisoning. In the
above mentioned period there were 1,714 fatal cases reported among the
people contaminated by botulism, which means an average mortality of about
30%. The highest mortality rate is found in the US where 67.77% of 1,350
contaminated people died; the outbreaks in Europe have, on the other hand,
been of a milder character. A mortality rate which for example in Germany,

varied with few exceptions between 10 and 19% and in France varied between
1.5 and 8% (7)

As for Denmark, we have a collocation of 10 outbreaks of botulism
from 1901 to 1959 involving 32 people, of whom 13 (40%) died. (4)

The interest of the canning industry in this illness is naturally
due to the fact that toxic preserves have proven very often to be the
direct reason for outbreaks of botulism. On the whole, botulism can break
out whenever food articles which are contaminated by Cl. botulism have
undergone a definite but unsatisfactory treatment (for example, by heating,
salting, smoking), are kept for some time, and are then eaten without having
undergone further heat treatment. The decisive factor is that Cl. botulinum

spores under certain conditions can be extraordinarily thermo-resistent,
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and that under suitable conditions =« especially zuitable degrees of
acidity (pH 4.6 - 9.0) and 1solatioh from the cxygen of the air == they
can grow and give rise to formation of extraordinarily strong poison.

When over the years it has been possible to determine the bacteria
in outbreaks of human botulism, it has as a rule been the types A, B, and
E, Amwong these, types A and B are known to have caused botulism also in
animals, often in connection with outbreaks in people and of the same
origin: consumption of tainted canned food.

Types C and D which are responsible by far for the most frequent
and the most serious outbresks of botulism in animals have not, on the other
hand, been considered to represent any danger to people; however, in the
future it would perhaps be wise to keep this possibility in mind. Type D
has certainly never been found to cause human boutlism, but from recent
years we have at least two cases of type C-botulism in people, one from the
US in 1953 (8) and one from France in 1955. (17)

This is the background of the survey I shall give on the topic of
the appearance of C-botulism in animals, especiaily in horses and cattle.
At the same time I shall give you the results of the investigations made _
in this field in Denmark over the last two or three years. <

Type C=Botulism in People

(:) The first case of mortal botulism was of uncertain alimentary origin.
Dissection of the patient indicated a botulinum toxin in the stomach
contents, the type of which could not immediately be determined. In cultie
vating the material, a toxineproducing, anaerobic bacterium which behaved
like Cl. botulinum of the group C-D-E in morphological and biochemical ree
spects and which was neutralized only by botulinum-antitoxin of type C
alpha was cultivated purely . Guinea pigs immunized by anatoxin from
this rod were protected against type C toxin. It was found that 42,000
lethal mouse doses did not cause illness in a kid at the time when it was
fed, but that 2,000 doses, given in the same manner to a monkey, caused
lethal botulism.

In the second outbreak, at Auvergne, France, two persons ouf of
eight became {11 3 days after they had eaten a patd de campagne. They
showed characteristic eye symptoms, suffered from swallowing and speaking
difficulties, dryness in mouth and throat, eructation, constipation and
bladder paralysis. PRurthermore, they suffered from great feebleness,
rapid pulse, and weakened reflexes. Aftex 6 days in hospital during
which time the two patients were treated with polyvalent vaccine since they
refused for some reason to be treated with serum, they were released in
improved condition but were very weak.

Toxin could not be found in three specimens of the paté de campa ne.
Moreover, two of the specimens were sterile, but from the third was produced
in pure cultivation Cl. botulinum which by means of specific antitoxic sera
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could be defined as belonging to type C beta. In a gulcose bouillon there
was a toxin formation corresponding to 200,000 lethal mouse doses pr. ml.
over a 6-day periods The rod was the most poisonous C-rod that had been
isolated in France at that time,

Typa C spores aré less thermoresistent than those of types A and B.
Therefore, there were probably surviving spores and toxin formation only in
the middle part of the paté, and this can be the explanation why only 2 out
of 8 people became ill,

We naturally know nothing about how much toxin the people in these
two cases of C botulism had consumed. It is mentioned that 2,000 lethal
doses (probably mouse doses) of C alpha toxin produced from the rod which
was isolated in the American case were enough to kill a monkey at the time
of feeding. There are earlier American tests, (3) which, among other
things, compare the toxic effect of type B, C alpha-, C beta=, and D toxin
on Macacus rhesus, which is biologically close to man. In these tests,
two monkeys survived amounts of 2,000 and 30,000 lethal guinea pig doses of
C alpha toxin consumed through the mouth, while one monkey died after a
hypodermic injection of 500 doses. For comparison, it can be mentioned
that only 100 doses of type B toxin given to a monkey through the mouth was
enough to cause mortal botulism. The same result was reached in two monkeys
which were orally given 9,450 and 24,500 doses of C beta toxin, while two
monkeys survived 40,000 and 200,000 doses of D toxin given in the same
manner.

It is thus very apparent that with the consumption of food the toxin
of the C types is less poisonous to primates than the toxin of other types
which usually have been identified in connection with human boutlism.
However, as these cases show, such poisonings can occur. Since the consumed
amount of toxin may be of especially great importance in the appearance of
this type of botulisme it is plausible tc assume that in these cases it was
very toxic rods that caused the illness. The results of the investigations
also suggest this.

Type C Botulism in Animals

Also with regard to botulism in animals, the poisonous sjituation can
come about in a faster or a slower way, the reason for which is that the
Cl. botulinum poison is obtained through the feed. In some cases this has
been conspicuous, and therefore the illness has come to be called "forage

isoning.” In other cases it has been more difficult to detect the reason
of the illness as can be seen through such illness designations as
"paralysis Illness" (iLamsiekte), "Spinal Paralysis," "Bnzootic
Cerebrospinalmeningitis” "Enzootic 'Bulbar' Paralysis," "Limberneck."
In these cases one has tccen note of only the most obvious symptoms and of
the fact that similar outbreaks occurred time and again in the same neighbor-
hood, which leading to the belief that it was a contagious illness. Here,
as with people, the outbreako of botulism were blamed on the neuro~-muscular
apparatus.
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I do not intend te tire you with long clinical descriptions of

symptoms of the various kinds of spontaneous botulism in animals. For your
orientation I will just mentions

As for horses, faster or slower paralysis of the limbs takes place
in connection with pronounced weakness, stupor, and difficulty in breathing.
These symptoms dominate the picture while paralysis of the tongue and the
throat with accompanying difficulties in receiving and swallowing the
fodder is less frequently noticed.

As for cattle, the symptoms of paralysis of the cerebral nerves are,
on the other hand, very characteristic and draw one's attention to the
possibility of botulism. Lips, tongue, lower jaw, and throat are gradually
paralyzed so that eating and swalloving of the food becowe completely
impossible. The animals stand or =~ in later stages -- lie with the tongue
hanging from the mouth and with the saliva driveling from the mmuzzle.
Similar illness symptoms can be seen in sheep.

Both i{n horses and ruminants one can find all variations between
violently developing cases with early paralysis and death, and light cases
in which the animals, after having shown one or serveral of the above
mentioned symptoms for some time, recover completely. The convalescence
of the cows is the shortest; it can take horses months after the acute
stage of the illness to be fully healthy and useful again.

There is no information of C botulism in hogs and the question whether
hogs can catch the illness spontaneously at all ought to be left unanswered.
The little information that i1s to be found in the literature is mostly of
clinical origin and is not sufficiently verified by toxicological and
bacteriological investigations. (11) (19)

Minks show pronounced paralysis of the limbs, great weakness, and a
very characteristic, strained, and 'pumping' breath. (2a)

Dogs (14) and cats (14, 16, 13) are for all practical purposes
refractory to spontaneous botulism, but there are reported cases of simple
type C botulism in hunting dogs (25, 12).

Fowl, to a lesser degree cocks and hens, (1) but especially ducks
and a series of wild birds (5, 20) are attacked by C botulism. They show
movement disturbances, cannot fly up, and are in the end lying still on
their stomachs with half-spread wings and with their heads and necks reste
ing on the soil before them or on their backs.

The mortality of type C botulism in animals is on the whole very
great and can fully be compared with that of the serious outbreaks of human
botulism, and since there are $o0 many more living creatures involved in
animal outbreaks, botulism of cattle (21), sheep (22), and minks (18, 2)
is of very great economic importance in certain countries.
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In Australia and Tasmania the illness appears in cattle and sheep
particularly in the late summer when the grass is dry and the feed scarce.
(22) At this time the animals suffer from lack of phosphorus and perhaps
also from lack of protein, and they try to acquire what they lack by gnawing
carcasses they run across on their way. These carcasses, whether they are
of cattle, sheep or rabbite, can contain large amounts of botulinum toxin.
It is found out, for example, that only 3 g. of a 8-10 day old rabbit
cadaver can kill a sheep due to botulism.

In South Africa they have a rather similar problem. It is reported
that 100,000 cattle die yearly under similar circumstances. The lack of
phosphorus in the soil and the grass causes an a-phosphorous state in the
cattle which makes the animals eat the carcasses they find. In certain
areas a great percentage of these carcasses is highly toxic due to Cl.
botulinum. In particular, cadavers of tortoises/turtles (:skildpadder)
can become extraordinarily poisonous. The South African Paralysis Illness
(sLamsiekte) is quite certainly most often caused by type D which seems to
be especially widespread in Africa, but 10-20% of the cases are caused by
type C. (21).

Both in Australia and South Africa we find C botulism in horses, but
among them mostly in those which are fed in stables. In Australia various
vegetable feeds are reported as origins of the outbreaks. However, the
outbreaks are often due to badly harvested, badly kept, rodent-infested
(sgnaverbefangt) feeds. From South Africa it is reported that botulism
was contracted by mules due to formation of type C toxin in a rat cadaver
found in the fodder manger. (24)

Similar mass outbreaks of botulism are not known in Burope with its
more intensive cattle-breeding, but investigations especially during the
last 10 years have revealed, however, that lesser outbreaks of type C
botulism in cattle and horses are rather frequeat, for example, in Belgium,
France, Spain, Holland, and Germany. (26) Especially from France we have
a number of investigations which in many instances reveal that formation
of botulinum toxin in cadavers of cats in stored fodder has been the most
probable origin of the outbreaks. (16)

Of interest are the reports from America which tell of colossal
outbreaks of type C botulism among wild birds. This is the so-called
"Western Duck Sickness" which occurs in shallow and alkaloid lakes and
swamps in a belt over Western America from Canada to Mexico. Tens of
thousands of birds, mostly ducks, are involved. In one year, 1932, the
mortal cases have been estimated at about 250,000. Due to the special
conditions which prevail in thase areas where algae £ill the shallow,
slightly alkaloid water, the necessary conditions -- temperature, lack of
oxygen, etc -- are established for the development of the fatal toxin.
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Both in America and Europe type C botulism plays a great role in
the raising of minks, because outbreaks are very violent, very rapid in
their development and have extremely high mortality. It should be mentioned
that in many instances it is proven that the outbreaks have been due to
feeding with slaughter refuse or cadavers. (15, 2a).

Botulism In Cattle and Horses in Denmark

In the Danish veterinary law dealing with dangerous, contagious
illnesses we find enumerated one "Contagious Throat Paralysis in Cattle”
and one "Dangerous Spinal Marrow %!;hus in Horses.” The first illness has
been known for at least 50 years (6) and the second for more than a 100
years. (23) The symptoms of these illnesses are much iike those which
were described as characteristic for botulism in cattle and horses in other
countries at the beginning of this century. Therefore, it was already
thought in the 30s that the two illnesses, which quite often appeared
simultaneously on the same farm, should be regarded as outbreaks of botulism
rather than as a manifestation of undiagnosed infectious illnesses.

At the investigations we made at the State Veterinary Serum Labora-
tory in Copenhagen during 1%59-60 in cooperation with the Veterinary
Directorate and the practising veterinarians we found proof of the fact
that the cause of most outbreaks of these illnesses has been botulism of
type C. (9)

On the basis of H. Pedersen's observation (10) in connection with
investigation of type E botulism that mice which have died from toxic feed
are the place of rapid formation of Cl. botulinum with accompanying toxin
growth in the mice's liver, we have obtained from cows and horses which
have died from throat paralysis and spinal marrow typhus at least a big
plece of liver for investigation.

We extracted the liver pieces with isotonic buffers at pH 7.3, in such
a manner as to use equal layers of liver and "push cushions.” We then
injected the centrifugalized extract, after adding to it penicillia and
streptomocin, intraperitoneally into white mice in a dose of 1 ml. Herabdby
on a number of occasions we were able to point out botulinum toxin in
varying, but often considerable amounts (up to about 100,000 lethal mouse
doses pr. ml. 50% liver extract). The titrated toxic extracts have been
subjected to neutralization attempts with specific antitoxic sera of types
A» By C» Dy and E, from lnstitut Pasteur in Paris, and all toxins investi-
gated 80 far have easily been determined as type C.

We alsc always set up cultures from the liver pieces in 300 ml.
thoroughly boiled 0.2% glucose solution (Inst. Pasteur) covered with paraffin
oil, and we incubated these cultures at 37° for 4.8 days, partly without
further heating, partly after heating in water at 60" for 60 minutes. In
this manner, we were successful in ascertaining the presence of Cl botulinum
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in the toxic cow and horee livers, since we were able to achieve strong
toxic cultures. The neutr. lization attempts undertaken so far have only

revealed the presence of the botulinum toxin of the C type in these
cultures.

All in all, we have until now pointed out botulinum toxin in the
liver of one or several animals from 10 out of 12 outbreaks of so-called
contagious throat paralysis in cows and from 3 out of 5 outbreaks of so.
called dangerous spinal marrow typhus in hor ses.

Moreover, we have made the characteristic symptoms appear in a cow
weighing about 600 kilos through feeding with toxic suspension of liver
tissue (3toksisk suspension of levervav) taken from cows which had been
involved in spontaneous outbreaks. The suspension contained type C toxin
of the magnitude of 500,000 lethal mouse doses. After an incubation period
of 45 minutes the symptoms of poisoning began to appear, and over another
41 hours progressed to death., A twoeyear old horse that was given a 50 ml
sterile philtrate from a toxic liver culture by means of inoculation into
his stomach was sick already after 18 hours and dead after another 4 hours.
It had been given about 1,000,000 lethal mouse doses -~ i.e., twice as much
toxin as the cow=ewhich explains the rapid progress, which, however, is in
no way unknown in cases of spontaneous botulism involving horses.

In our investigation of these two experimentally-poisoned animals
which took place shortly after their deaths, there wer. only faint traces
of botulinum toxin found in the contents of the duodenum and the iiver.

The positive results in this respect when it comes to cases from practical
life are probably due to the fact that Cl. botulinum, whose presence ia the
liver of animals killed in spontaneous outbreaks we have as a rule been
able to point out, has had opportunity to grow in the cadavers and produce
toxin in greater or smaller amounts before the investigation took place =«
perhaps a number of days after the animal's death.

Thus, botulinum toxin and the presence of Cl. botulinum were pointed
out in 18 livers out of 23 from cows and horses which had died in verified
outbresks ¢f boutlism; only toxin was pointed out in one case; only Cl.
boutlinum in one case, and neither toxim nor Cl. botulinum in 3 cases.

We investigated an equal amount of cow and horse livers from outbreaks
which were at first regarded as throat paralysis o+ spinal marrow typhus,
but which later turned out to be something completely different or which
did not correspond to the classic descriptions of these illnesses. In
these livers we have not basn able to point out botulinum toxin in extracts,
nor Cl. botulinum in snasrobic cultures. Therefore, we consider our
investigations to be of diagnostic significance; even if we have not yet
been able to account for how the saparate outbreaks of dotulism have
occurred.
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We have also encountered information about finds of dead rats and
cats in the fodder on farms where the illness occurred, but we have not
been able to point out Cl., botulinum or its toxin in the few cadavers we
have so far examined, Nor have we obtained any positive results from the
investigations of various vegatable feeds which were blamed.

I have found in the literature only one mention of the discovery of
spores of Cl. botulinum, type C, in soil specimens. In that instance it
was found in 5 specimens out of 62. However, it may be assumed that in
areas where C botulism occurs in animals, the spores must also be spread in
the s0il and may by chance be ingested and exist in the alimentary canal
of domestic animals. We hope to have the opportunity to study this matter
more closely.

In order that botulism shall occur, it is necessary, however, that
a certain amount of toxin, which differs in accordance with each animal's
sensitivity, be ingested. Whether this toxin formation can take place
directly in various crops, or whether the presence of animal cadavers from
which the vegetable fodderes are contaminated indirectly through the
diffusion of the toxin is necessary, we do not know yet. It is natural that
the C type finds good opportunities for toxin growth in the presence of
animal protein.

One can assume that meat and meat products are occasionally tainted
by spores of Cl. botulinum, type C. But since there are still only these
few mentions of type C botulism in people, it can -- as I have said earlier -~
be blamed upon the fact that type C toxin is only poisonous to people in
very great Zoses, and that the type C spores have relatively little heat
resistance. In connection with our inveatigations we have 30 far been able
to ascertain that they survive heating up to 60° for one hour, but that in
the usually impure cultures we have dealt with, they are destroyed when
neated to 100% for 10-15 minutes. Type C toxin is already destroyed after
five minutes' heating up to 60°, but in the usually impure cultures with
which we have dealt they are destroyed when hesated to 100° for 10-15

mégutcs- Type C toxin is destroyed already after five rinutes' heating to
80° .
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Environmental Conditions of Growth and Toxin Formation of
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INTRODUCTION

Cl. botulinum has since long been classified as an obligate anaerobic
bacterium that for its growth and toxin formation demands absolute absence
of the oxygen of the air. 'fhe removal of air, according to public opinion,
creates conditions of growth and toxin formation, for example, in vacuum-~
packed foods. The modern view is, however, that this is not the case since
the metabolism of the bacteria, like that of other living cells, is regulated
by complex systems whose activities are dependent on many factors, such as
temperature, pH and buffering ability, partial oxygen pressure, red-
oxpotential, steam pressure, synergetic or antagonistic factors, antibiotic
substances, necessary biological systems with regard to enzymatic effect,
etce.

In order that the bacterium shall be able to grow and germinate
toxin, all these conditional factors must be concentrated in an area which
is limited in various respects by the tolerance of the bacterium. Experi~
ence also shows that these limits are relatively narrow, since the appearance
of botulism must be regarded as rare, although the bacterium is common in
nature and perhaps more often than one thinks enters foods as impurity or
perhaps mostly as natural infection in various raw substances. In most
cases there ought perhaps also to be a minimum infectional amount for the
bacterium to grow, an amount which is influenced by the preparation and
treatment with heat, oxygen, acid, salt, smoking, etc., of the product.

In order to find out the possibilities of growth and toxin formation
of Cl. botulinum in various foods during changing conditions, extensive
biological investigations and experiments must be undertaken. Such investiw
gations and experiments comprise & Searching for empirical facts, which
more or less constitute substitutes for lacking biochemical knowledge. The
biochemical processes which according to plan in each single case regulate
metabolism, growth, toxin formatjon, and other life functions of Cl.
botulinum ares, however, of such complicated and varying nature that compres
hensive and complete biochemical knowledge is impossible. Factors which
are of essential importance for the growth of Cl, botulinum in a certain
product are, among others, the chemical composition of the product, its
physical condition, and the way it is prepared.
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LITERATURE

The Chemical Composition of the Product

The chemical composition is of importance in the first place in
regard to the existence of the general and specific nutrients which are
necessary for the growth. It should here be observed that the nutritious
need can vary with the conditions under which the growth occurs. It is
thus possible that Cl. botulinum can grow under seemingly aerobic conditions
in case the product contains partly specific nutrients and partly such
substances which either directly or through the influence of other micro-
organisms can establish the conditions which Cl. botulinum demands.

How the bacterium influences and utilizes carbohydrate, fat, and
albumen is not known in detail. The information in the literature is often
contradictory. We know, however, that carbohydrates hurry the growth but
slow down the spore formation. During the fermentation of carbohydrates,
intermediary and end products can create favorable growth conditions for
Cl. botulinum, but, on the other hand, the acid formation at such times
can be s0 great that growth and toxin formation become impossible. Further-
more, the presence of carbohydrates creates favorable conditions of growth
for microorganisms with antagonistic or antibiotic influence.

The protein structure of foods varies greatly and is complex.
Different microorganisms demand different amino acids, which are also
attacked in various ways. The possibility of growth of Cl. botulinum can
exist due to various synergetic circumstances such as symbiosis with other
microorganisms, It is considered that most rods of Cl. botulinum demand
three amino acids: 1lw=alanine, lephenylanine, and arginine. 1In a solution
containing 57 digested meat and 0.057% natriumthioglycolate, 94=997 of Cl.
roseum and Cl. botulinum, type B, germinate within 15 minutes. Other
amino acids slow down the germination process (Halvorson).

It has not been determined whether the Cl. botulinum bacteria, of
which part are proteolytic, can utilize complex proteins for their growth
when there is no other nitrogen sourceé. The proteolytic rods reveal them-
selves through changes in the substrate in which they grow, among other
things, through a distinctive putrid smell. The rods which are not
proteolytic show no change worth mentioning and never have any bad smell.
All Cy D, and E rods are regarded to be non-proteolytic. Zeller (1959)
gives types C» D, and E as animal-pathogenic and proteolytic, and A and B
as mainly humanepathogenic and not proteolytic. The concept ¢f proteolysis
is limited to hydrolysis, which leads to formation of peptides and amino
acids. Many of the anaerobic bacteria are especially active in the break-
ing down of complex proteins; the method of splitting has been studied by
several scientists. The hydrolytic breaking down is dependent on
influence from special enzymes formed by these bacteria. During their

N
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growth they are able to produce a sufficient number of enzymes to start

the protein splitting and thereby toc increase the amount of available
nitrogen.

On the whole, bacteria utilize amino acids in various ways, but the
utilization is more dependent upon the kind and condition of the bacterium
than upon the nature of the nitrogen composite that is attacked. Decarboxyla-
tion, deamination, and transamination are essential processes in the
breaking down of amino acids. The enzymes which cause these processes are
relatively specific for each amino acid. At the breakdown, among other
things, pyridoxal phosphate, a necessary growth factor for Clostridia,
is formed. Certain Clostridia lack the ability to utilize carbohydrate to
a greater extent, and are dependent on amino acids for energy.

It is generally thought that the supply of fermentable carbohydrates
saves amino acid,; peptides, or protein in a medium. This effect can, howe
ever, be illusory, and is mainly a fermentative process. The low pH-value
caused by fermentation of carbohydrate prevents or stcps the growth or
checks the decarboxylation enzymes. The carbohydrates can also cause
changes in the cnzyme constitution of the bacteria, in this manner influencing

the nitrogen metabolism, which decreases the use of nitrogen material as
energy source.

With regard to bacteria generally, and especially with regard to Cl.
botulinum, our knowledge of protein metabolism is limited to relatively
simple systems, and much here is still shrouded in darkness. The process,
vhich is complicated even in simple systems, naturally becomes very diffie
cult to comprehend when the substrate consists of complex foods.

Theoretically, the use of synthetic media offers a method to
establish the more precise importance of various nutritious factors like
organic acids, amino acids, growth factors, etc., with regard to spore
formation by bacteria. In practice, however, such media have not been used,
especially due to poor spore formation or completely lacking spore formation,
although good vegetative growth was obtained, Synthetic media, especially
with regard to anaerobes, have not been greatly used, and such a medium for
Cl. botulinum has not existed for many years. By using such a medium,
investigations have, however, been made of the effect of some organic
substances upon sporulation of Cl. botulinum type A. Thereby it is found
out that an admixture of glycine, ornithine, arginine, beta-alanine, creatine,
sodium butyrate, and sodium valerate has a stimulating effect. A lesser
effect was obtained with proline, asparagine, and glutamine. No stimula-
tion was obtained by glutamine acid, cystine, coline, norleucine, or lysine,

Dextrose stimulated the growth markedly but had a strong repressent effect
on the sporulation (Williams, Blair).

It is an old opinion that the presence of dextrose in a nutrient
decreases spore and toxin formation. Cibbs and Hirsch (1956) examined this
problem in connection with usage of RCM (Reinforced Clostridial Medium) and
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found thereby that types A and B of Cl. botulinum behaved differently. Type
A was not influenced in its spore formation through dextrose concentration
in the wedium, while type B showed a higher proportion of spores at the
lower concentration than at the higher (0.1 and 2%, resp.).

Both types_showed highér toxin production in the higher dextrose
concentration (10> and 102 in connection with injection of 0.1 ml in the
highest 10-fold dilution of the culture).

According to Zeller (1959) cultivation in dextrose broth (type B)
constitutes a diagnostic venture, since it has been proven that dextrose
in a nutrient causes a rapid and complete breaskdown of the bacteria and
prevents spore formation. It is therefore impossible to get sub-cultures.
Cl. botulinum has, on the whole, a pronounced tendency to break down, which
naturally becomes much more apparent in dextrose-containing media.

An admixture of 0.12 = 17 of sorbic acid at pH 5.6 to the usual

culture media makes all types of Cl. botulinum grow rapidly and form toxin
(York, Vaughn).

When it comes to essentigl nutrients and environmental conditions
necessary to the growth and toxin formation of Cl. botulinum in foods,
much information is obtained from recorded outbreaks of botulism. During
the 18th and 19th centuries there were outbreaks of botulism in Germany
caused by smoked bloodsausage, liver sausage, smoked pork, smoked ham,
rotten cheese, etc. From Russia there are cases reported which were usually
caused by various kinds of fish such as salmon, sturgeon, herring, and others,
while in the US most cases have been caused by bad canned vegetables,
viives, and spinach, but also by imported canned sardines and smoked
salmon. From the Nordic countries cases are reported caused by f£ish such
as mackerel, canned salmon, salted herring, but also by meat-balls, home=
cooked braunschweiger, and salted ham,

All these producte have such qualities and such essential amino
acids that under certain conditions growth and toxin production of Cl.
botulinum is possible.

The pH-value

A highly essential factor, when it comes to environmental conditions
of Cl. botulinum, is the pH-value and the buffering ability of the product.
Growth is not possible at pH-values below 4.5 (Ingram, Robinson), a cone
dition which is of practical importance in the sterilizing of acid products.
H. 0. Pedersen found a pH-value of 4.6 in marinated herring that had caused
a case of poisoning. The border-line ought therefore to be very narrow.

In experiments with herring marinated for 24 hours in strong vinegar with
a pH 2.9-value, Pedersen found no reduction in growth or toxin production,
due to the buffering effect of the muscles, which after 6 days showed pH
6.6. In an outbreak of botulism caused by home-cooked spiced herring which
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was investigated by the Board of Health in Lund, the herring in question
showed in a 107 suspension in a physiological common salt solution a
pH-value of 5.8 and a toxin proportion of between 10-100 MLD/g. Thus when
the buffering ability is high, changes in the micro-flora of the product
are not easily brought about. When it is low, the normal micro-flora of
the product determines the pH-value of the product. Thus, one can often
find in stored products pHevalues which are remarkably low due to the
tendency of the initial flora in the direction of acid-forming micro-
organisms. A strong buffering ability in the product is thus to be
regarded as a favarable environmental condition of growth of Cl. botulinum.

In the cases when toxin is pointed out in a product with a pH-value
under 4.5, it is apparent that the toxin was formed before this pH-value
was reached, This can be due to (1) the fact that the diffusion of acid
is slow, (2) the fact that the acid was produced through growth of Cl.

botulinum of (3) due to other acid-producing microorganisms (Ingram,
Robinson).

The lower the pH-value, the shorter to the time demanded for
destruction of spores by heating. Spores are killed by 107 hydrochloric
acid during 1 hour at room temperature (Dazier). At least 27 vinegar in
the marinade is necessary to kill the spores in marinated products. High
pH-values around pH 9, as for example in chicken egg whites, generally
represent an obstarle to bacterial growthe The highest pH-value which
allows the growth os Cl. botulinum 1is not given in the literature.

The Red-oxpotential

The spores of anaerobic bacteria cannot grow if the red-oxpotential
in the product surpasses a certain definite value (4140 mV for Cl.
sporogenes, +60 mV for Cl. histolyticum, at pH 7.0). The red-oxpotential
is ‘dependent upon the balance between oxidizing and reducing systems. In
fresh products the potential is as low as in living cells.

The red-oxpotential in a food is in practice determined by:

l. the characteristics of the product
2. access of oxygen.

The SH-groups in animal tissue and ascorbic acid and reduciny sugar
carbohydrates In plant tissue give 8 low red-oxpotential. The balance
capacity is represented by the ability in the system to resist changes from
outside, in this context the oxygen of the air. It seems to be high in
"living" foods which have kept their cellular respiration. Meat, for
example, can maintain a low red-oxpotential and use up consicerable smounts
of oxygen; even bacon keeps this ability to a certain extent. The effect
of the oxygen only reaches a few mm. from the surface, which can be seen
from the superficial oxidation of myoglobin. Anaerobic bacteria can theree
fore grow in meat irrespective of the access of air, i.e., sufficliently
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araerobic conditions exist in less permeable parts of the product or in the
center of bigger pieces (Ingram, Robinson). The resistance to oxidation

in such products depends on the activities of natural reducing systems
located in the tissue structure, which, however, is easily damaged by heat
and chemicals. The reducing systems are, for example, destroyed to a great
extent in cooking and pasteurizing. In roughly treated products the re=
generation of the balance system is prevented, so that the potential is
rapidly increased when the product is exposed to the oxygen of the air.

For growth of Cl. botulinum, the oxygen level cannot surpass l.l4 =
1.36 cm Hg or 7.2 - 8.67% of atmospheric oxygen. The micro-flora of the
product can influence the red-oxpotential in one or the other direction.
Thus, it is considered that certaia coliform bacteria and certain lactoacid
bacteria can lower the red-oxpotential so that spore germination of
anaerobic bacteria can occur. In other foods, on the other hand, with a
natural bacturial flora which influences the raising of the red-oxpotential,
this can == in otherwise apparently anaerobic conditions -- make the growth
and toxin production of, for example, Cl. botulinum impossible.

The product can in itself contain chemical components which exercise
a more or less reopressing influence upon growth, spore-, and toxin-formation
in various kinds of food. Certain fats which undergo autooxidation,
special proteins such as lysozym in eggs and lactenine in milk, and also a
number of other substances have, on the whole, an anti-microbial effect.
Such substances seem also to appear through storing and heating.

Through oxidation of fatty acids, organic peroxides are formed that
at their breakdown can form Hy0,, which, as we know, generally has a
strongly repressing effect on Clostridia. Unsaturated fatty acids and
their methylesters cannot by themselves prevent spore germination and
growth except in rancid conditions. It is therefore probable that at their
oxidation a product with repressing effect appears; it can then in the
first place be u,o% since catalase partly reduces this ability. It is
known that soluble¥starch counteracts the repressing effect of the peroxides
of the fatty acids (Olsen, Scott, 1946).

The Physical Situation

Many times the physical situation of the product has a decisive
effect upon the environmental conditions of Cl. botulinum. The effect of
the frequently heterogenous composition of the product is that the physical
situation of one or several components determines whether or not the
environment is favorable. Factors which regulate the physical situatisn
ares freezing, changes of the structure, emulsion situation, changes of
colloidal components, steam pressure, etc. '

It is considered that microbial activities are wholly stopped when

freezing takes place, even if the enzyme activities are not fully inactivated.
But freezing is a process that takes place gradually, even if one stiives

“50 -




to do it quickly., During the freezing process the water of the product is
frozen first and is distinguished as ice; thereby the concentration of
dissolved components increases, and the freezing point is lowered. The freeze |
ing is not finished until a sufficiently large amount of water is separated. ‘
There is thus a temperature at which the product seems frozen but contains
an amount of water whose concentration depends on the temperature. If the
freezing is done quickly, the ice is separated into small crystals, which,
however, seem considerably bigger if the freezing is done slowly., In

either case, a division of the water of the product has taken place which

can give rise to changes in the product when it is thawed, and, further,

the normal cellular walls have more or less broken down. When the product

is thawed, the water situation is more or less changed; this, together with
the structural changes in the product, can have effects in one way or

another on the growth conditions of Cl. botulinum. Among other things,

one can imagine decreased resistance to infection. Common rancidity bacteria
are mainly limited to the water between the muscle fibrils. Growth and

toxin formation of Cl. botulinum during the freezing and thawing processes
have not been noticed (Saleh, Ordal). The quick growth of anaerobic

bacteria in meat, especially in whale meat, does not take place until after
rigor mortis, which causes micro-structural changes in the muscles. Before
rigor mortis, most dissolved components are within the muscle fibrils.
Proteins and starch most often resist microbjal attacks better in native

than in coagulated form. The coagulation of proteins and the gel-formation
of starch imply structural changes which are of importance for the environe
mental conditisns., It is not only the effect of the colloid which is in
itself of importance, but also that of the released inhibited water which

is one of the reasons why cooked prouucts are generally more susceptible

than correspondong fresh products.

A water proportion in the substrate of at least 307 (Harmsen) is
necessary for the growth of Cl. botulinum. Type A does not produce toxin

even after an incubation period of 9 months at 37° C in material with liess
than 30% water.

The activity of water in a product determines whether Cl. botulinum
can grow under existing conditions. Usually we speak about water propore-
tion, but the essential thing is how and {n what way the water is bound to
the dry substance. We also speak about equilibrium relative humidity,

e. r. h.. The equilibrium relative hunidity is apparently a factor which
directly determines the kind of microb.s that exist in a product. DBacteria
grow only at rather high degrees of humidity, in which situation free.
condensed humidity on the surface is favorable to the spread of actively
mobile species. The situation is complicated due to the activities of
various microbes either through formation of metabolic water or through
changes in the nature of the substraie. Fatty substances have no capacity
to bind water worth mentioning. Starch binds water firmly, and the
equilibrium relative humidity becomes low. Cl. botulinum may demand a
rather high equilibrium relative humidity in the product for {ts growth.
In experiments it is discovered that growth and spore production is normal
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at 8 water proportion of 607 (e.r.h., 96 « 987). At 45% (e.r.h. 94 - 967%)
both growth and toxin production is influenced in a negative direction, but
does continue. At 40% (e.r.h. 90 - 95%) sparse growth can occur with or
without sporulation, but usually there is no growth., Spore production occurs
at all degrees of humidity (Williams, Purnall).

Changes in the Product Through Treatment

By long experience we have acquired knowledge about changes in the
product which make it stable and safe. This knowledge does not concern the
changes as such but primarily its consequences. From the earliest times
even primitive peoples have used various methods to prepare, store and pre-
serve foods. Changes which bear upon the product itself are primarily
changes in the water ratio (drying), pH (marinating and other sour pickling,
admixture of tartaric acid or sour salts), admixture of preservatives
(sulphur dioxide, benzoic acid, etc.). In certain traditional processes
various effects and changes are combined. Thus, salting and smoking are
used both for dehydration and preservation.

Apart from drying, the water ratio is lowered through salting and
marinating in sugar. van Ermengen pointed out the necessity of using a
strong curing brine when curing pork, since the salt is unfavorable to growth.
He made use of this fact for diagnostic purposes, since 5-6% comnon salt
in the medium completely prevented growth. Toxin can, however, ve pointed
out in broth containing 57 common salt or more.

In salted meat inoculated with Cl. botulinum, toxin formation withe
out c-ganoleptically noticeable changes was observed when the product cone
tat'ed 6,25, 7.09, and 7.12% salt. A piece of leg of pork treated so that
it would contain 5.5% salt showed in analysis considerable variations in
this regpect at the end of the salting period. Forty-nine percent contained
salt in concentrations between 6.10 and 8.35%. Possibility of toxin pro-
duction without organoleptic changes does exist then, and the product cone
stitutes a hygienic risk. The salt content must therefore be adjusted in
such \ manner that possible growth and toxin formation of Cl. botulinum
are connected with apparent organoleptic changes (urder 6.257) or must be
80 high (more than 9%) that toxin production is completely out of the
question (Greenberg, Silliker, Fatta).

It 1s thought that in salted fish the salt conteat ghould not be
lower than 10%, but usually a salt content of 87 is enough to repress
growth.

After inoculation and incubation of surface-ripened cheese,» type A
spores could grow and produce toxin in salt concentrations up to more than
8% while type B spores could not fully tolerate 6%. FRully ripened cheese
was a medium inferior to moderately ripened cheese (Wagenasr, Dack).
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Concentrations of NaNO; from 0.05888 to 0.3927 do not prevent growth ]
of Cl. botulinum, and concentrations of 2.23 = 4.427% do not give complete
prevention. Commercial salt mixtures (NaCl, NaNO3, NaNO ) are effcctive in
preventing growth and toxin production of Cl. botulinum when the proportions
of the mixture with regard to the medium reaches the critical concentration
| of NaCl (Tanner, Evans). Yesair, Cameron (1942) found that an amount of
; 0.17 NaNO and 0.005% NaNO, in mcat agar resulted in a spore reduction of
about 70%. Corresponding reduction took place at 27 NaCl. When 3.697% NaCl
was used, the reduction exceeded 997%. This corresponds to the minimum
concentrations of the allowed salts (NaNO,, NaNO., and NaCl) and was intro-
duced as a control of total salt concentrations.™ Thus there seems to be a
pronounced repressant effect characteristic especially of NaNO,; however,

&t the maximum concentration of NaCl (3.697) all show complete or almost _
complete repression. The salts NaNO,, NaNO., and NaCl exercise a repressant ;
effect in varying degrees, 1nd1vidua%1y or gogether. In practice, the salt !
combination represents a 1007 repression of growth of Cl. botulinum.

In experiments with infected braunschweiger, no toxin production
occurred for 9 days when commercial amounts or salt, spices, and salpetre
were used, but it occurred definitely after 16-23 days. When admixing
nitrite in the amounts of 50200 ppm to the commercial mixture, the toxin
production was delayed with the greater amounts. When the salt concentrae
tion was increased to 37, toxin production only occurred after 30 days,
while 3.5% salt completely prevented toxin production (Steinke, Foster).

(:) Among the various repressant factors -- pH, nitrite, nitrate, and
r common salt -~ there is really no one alone that represses growth. (Concen=
trations of NaCl (in leg of pork) ought to be considered in relation to the
H activity of the water.

Strong sugar solutions are bacteriostatic, and combinations of fruit
acid and sugar can completely repress bacterial growth. Dextrose and
fructose are more effective than saccharose and lactose, The effect is in
reverse proportion to the molecule weights. High molecule weights have
lesser effect; low molecule weights have greater effects.

The pHe-value is lowered by admixture of acids (acetic acid, tartaric
acid) and also by biologically-produced acids during feraentation (yoghuvrt,
sauerkraut). In this manner, pH-values under 4.5 are easily attained.
Regarding such products, which cannot be hest-sterilized, it is of importance

that Cl. botulinum cannot grow or produce toxin in acidic medium with pH
under 4.5.

The pH-value of 4.6 is often uged as maximum for control of products
products in which the acidic content is decisive in tha prevention of the
growth of Cl. botulinum. The difference is acidic tolerance with regard to
various types of micro-organisns has proven to be insignificant.
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The absence of gaseous formation or the repression of gaseous forma-
tion does not mean absence and repression of growth. To prevent both growth
and gaseous formation it is often necessary to use difierent concentrations
of repressing substance or repressing factor. It has been noticed that
gaseous formation is prevented by lower concentrations of nisine, H 02. etcC.,
Or at a pHevalue which is above that which permits growth and toxin formation.

Toxin formation can thus take place at a somewhat lower pH-value
than gaseous formation, which means that the absence of gaseous formation
is no safe criterion. Ingram, Robinson made experiments with cultures in
buffered broth. In these experiments, they found growth and toxin production
under pH 5.0 only in 9 cases and at pH 4.8 only on one occasion. In this
respect, any significant difference between spores and vegetative cells
does not exist. The pH of maximal toxin production seems to be between 6.2
and 5.7 (McKee, Bell, Hoyer (1958)).

A low pH-value obtained with air admixture of acetic acid has proven
to be more toxic to bacteria than pH-values obtained by lactic acid or
hydrochloric acid (Levine., Fellers). Admixture of sugar or salt has no
significant effect. Acetic acid prevents bacterial growth in almost direct
proportion to the present amount. It seems as if the bactericide effect of
weaker organic acids not only depends on cations but also on the fact that
also undissociated molecules are active. The hydrogen ion concentration is
never solely responsible for the activity. The effect of highly dissociated,
unorganic acids depends chiefly on tne hydrogen ion concentration, while
organic acids have a germicidal and antiseptic effect which 1s not in pro-
portion to the produced hydrogen ion concentration.

The germicidal effect of acids descends in the following order:
acetic acid - citric acid - lactic acid - malic acia - tartaric acid -
hydrochlorid acid. The antiseptic effect descends in this order: acetic

acid - lactic acid - citric acid - malic acid - tartaric acid <« hydrochlorid
acid.

Citric acid and lactic acid thus changse place in antiseptic and
germicide effect.

When cheese is ripening (Liederkranz) at 2-4°C, fatty acids are
released. The acetic acid content remains relatively constant, and the
propionic acid content increases less than the butyric acid content. Cheese
must be stored for at least 2 months in order not to permit growth and toxin
formation of admixed spores of Cl. botulinua (Grecz. Wagenaar, Dack).

Sorbic acid, propiocnic acid, and caproic acid are similar since they
neither prevent nor stimulste the growth of Cl. botulianua, types A and 3.

Sorbic acid is recommended for its antimycotic affect. but does not prevent
the growth of catalase-negative micro-organisas (Hansen, 11 Appleman).
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3enzoic acid has long been used as a preservative in various foods.
At pH 7 the presence of 3% of benzoic acid is necessary to prevent growth,
while at pH 4.5 only 0.17 is necessary for the same effect. Sublethal
concentrations of toxic substances often have a stinmulating effect. When
the pH is lowered to 3, only 0.06% scdium benzoate is needed. An increass
in acidity from pH 7 to pH 3 decreases the necessary amount oi sodium
benzoate by more than 50 times.

The hydrogen ion concentration has the same effect in various other
preservatives. At pi 7, for example, the need for sodium salicylate is
150 times greater than at pH 2.5. Sulphur dioxide is more than 25 times
more effective in an acidic medium, and acetic acid about 5 times more
effective in the same medium. Common salt and formalin are slightly
influenced within great variations of hydrogen ion concentration.

It is apparent from what is said above that organic acids as pre-
servatives cannot greatly prevent growth of Cl. botulinum in slightly
acidic, neutral, or alkaline foods.

Freely active chlorine has a detoxifying effect on the botulinus
toxin. Conventional chlorine concentratjons can inactivate highly purified

botulinus A toxin, but organic material counteracts or prevents the
inactivation,

Cooking causes coagulation of albumen. Ag mentioned above, this
implies structural and biological changes important to the growth of Cl.
botulinum. Cooked foods are generally more susceptible than fresh foods
to micro-%iclogical attacks. The cellular membranes in coagulated form
produce poorer conditions of diffusjon and osmosis; this affects the
equilibrium relative humidity or the biological activity of the water.
Therefore, coocking has to some extent the same effect as drying. Cooking
can in other cases have tha effect that the essential nutrients that the
organism requires are more easily released. It is practically impossible
to make Ci. botulinum grow on cooked shrimp, while it grows as vell on
cooked herring as on fresh. If cooked shrimp {s ground., a cowparably ¢ry
mass is obtained, while ground herring has the consistency of thicker or
thiarer gruel. Cl. botulinum cannot grow in ground cooked shrime unless
the shrimp is very finely cut and vater is 2ddad tc obtain looser consistency.

The optimum tcmperature for Cl. botulinum lies batween 20307 C. but
the growth is more rapid at 37° C and can st times take place st temperss
tures up to 45° . The optimal temperature for toxin production !s reported
to be betwoen 25-28° C. In this context, we must underscore tue importanca
froem a practical, diagnostic point of view of the investigations made by
H. O. Pedersen regarding the toxin production of Cl. botulinum, tyne £, at

wrious temperatures, and the apparent fact that the toxin from even strougly
toxic cultures almost completely disappesrs after 8-i0 days at 37° C, while
the toxin concentration remains constant for a very long time at 3° c.

Chye and Scott have likewise pointed out that cultures at 37° C in sost cuses

do not bacome toxic.
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Growth and toxin production can occur at temperatures as low as
5-10° C. The maximal, optimal, and minimal temperatures with regard to
type E are many degrees lower than thosedf A and B rods (Ohye, Scott).

Cooking and heating to 70° C inactivate the toxin of all types of
Cl. botulinum. In experiments with type A toxin, the destruction was 100
times faster at 80° C than at 70° C. Dissolved substances in the product
can have a protective effect on the toxin, and the heat resistance of the
toxin thus varies with the consistency of the product. Type B toxin is
destroyed faster than type A (Scott, Stewart).

Spores of type E are killed easily when heated at 100° C for 2
minutes or at 80° C for 6 minutes. Certain rods are reported to endure
100° C for 30 minutes. The spores from H. O. Pedersen's "Fredriksbergsstam"
resisted 80° C for 10 minutes, but not for 15 minutes. The heat resistance
of type E spores is reported (Ohye, Scott) to be only 1/1000 of that of
types As B, and C, which can endure cooking for 3 and 4 hours and which
have to be heated at 1059 C for at least 100 minutes to be killed. It is
reported that spores of certain rods can endure cooking up to 22 hours.
Heating at 120° C for 20 minutes is considered to be satisfactory in most
cases. The lethal temperature is rather variable for different rods, and
the pH.value is of essential importance for the effect of the heat treat-
ment. The more acidic the product, the shorter is the period of destruction.

Presence of common salt reduces the period of sterilization in relation to
the salt concentration.

It is known that many different factors have an effect on the heat
resistance, such as pH, water content, and salt content. Since earlier
times it has also been known that unknown factors in products have an effect
on the heat resistance in Cl. botulinum. Presence of certain vitamins can
partly explain variations in the lethal temperature. Presence of ascorbic
acid increases the lethal temperature, which is not directly due to its
reducing effect. Wwhen synthetic K vitamin is present, the lethal tempera-
ture is significantly reduced (Reynolds, Lichtenstein).

In products with pH-values of 4.5 and below, most micro-organisms
are already killed in the pasteurizing process at 70-95° C, and the acidic
level prevents further growth.

Vegetables, fish, and meat are more difficult to sterilize. So-called
commercial sterility is here satisfactory in preservation of focd, i.e.»
prevention of growth of human-pathogenic microorganisms and retention of
quality under certain storage conditions.

The heat treatment needed to sterilize a product most often damages
the natural stability through the breakdown of its biological structure,

which necessitates a complete and continual protection against renewed
infection.

-56.




O

e A ——

Certain canned foods -~ for example, canned leg of pork -- are only
pasturized. Thc development of Cl. botulinum in such products is fully
dependent upon the quality and nature of the product itself. If it has a
sufficiently low pH-value, and suitable salt concentrations, etc., no growth
will occur. Moreover, all other preventing factors participatc. Growth and
toxin production are prevented in a satisfactory way by salting and heating.
Living spores can be retrieved in inoculated canned leg of pork, in which
the salt concentration is sufficiently high to prevent growth. Spores
which are produced in cooked meat are more resistent than those produced
in raw meat, but they can be made more susceptible to heat by being suspended
for some minutes in a running extract of raw, autolyzed meat. The active '
substance can be separated from the extract by a fat solvent (Halvorson). i

The Injtial Flora

The initial flora, or contingent infection of Cl. botulinum in foods
due to defilement, should be kept low by strict hygienic measures during
all preparation and handling of the foods. Cl. botulinum do not necessarily
have to be supplied by soil defilement, etc., since several raw products
in themselves can contain microbes or, in the first place, their spores.

It has thus been pointed out that such infection is frequent in fish, and
H. 0. Pedersen has pointed out its existence in the slime on the bottom of
the ocean. Furthermore, potato flour, spices, and other raw products
which are agricultural products can be infected with spores. Beans have
thus contained spores in 31,87 of investigated cases, dried vegetables in
20.6%, rootwcrops in 16.2%, etc.

It has been found that spores can remain dormant for days, weeks,
months, and years before they germinate. The quality of the product is
naturally of essential importance in this context.

Synergi sm and AntagoniSm

Certain microorganisms have synergetic or symbiotic effects on Cl.

botulinum. On the other hand, there are many with antagonistic or anti=-
biotic effects.

The synergetic microorganisms create through their growth favorable
environments for Cl. botulinum either because they produce essential &ib~
stances themselves or because they influence and change the substrate in
such a direction.

Thus it has been pointed out (Swartling, Lindgren) that the growth
of the butiric acid bacteria can be furthered by other microorganisms, and
the growth-furthering effect seems then to be tied to the formation of one
or several heat-resistent substances of relatively small molecular siza.
The effect is sufficiently strong to make growth possible even if strictly
anacrobic conditions do not prevail.
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It has been observed (Sakaguchi, Tdéyama) that Cl. botulinum in
pure culture did not produce more than 20 MLD (mouse lethal dose), but
when it was allowed to grow in raw culture from the same food, the toxin
amount increased 100 times in 6 days. From the raw culture another anaerobic
rod was isolated ~- it was not toxic to mice and did not produce gas when
it grew alone. It furthered the toxin production of the former, but not
with regard to Cl. botulinum, type A. The increased toxin production
could not be due to any growth-stimulating effect. The produced toxin was
neutralized by type E antitoxin. The high toxin production could be repro-
duced by having washed spores of type E incubated in a sterile culture
filtrate of the previously mentioned non-toxic rod at 37° C and pH 5. The
responsible substance in the culture filtrates is possibly an enzyme since
it did not get dialyzed and destroyed by heat. It is thought that type E

cells have a pre-toxic stage in their development and that they require
something in order to become toxic.

The investigations suggest a possible relationship between the toxin
and the surface of the organism when the maximal toxin production does not

occur during the period of strong growth but only after most organisms
have been autolyzed (Boroff).

As for the antagonistic effect, there are: on the one hand, microe
organisms which directly affect and prevent the growth of Clostridia, and,
on the other hand, ones which change the substrate in various ways, for exe

ample by producing acids or peroxides, and thereby make growth and toxin
formation impossible.

The antagonistic effect of three different lactic acid bacteria
towards Cl. botulinum has been studied by Saleh. The results of these
investigations suggest that the use of lactic acid bacteria can serve as
protection against botulism when prepared frozen foods might possibly be
exposed to mal-treatment. The lactic acid bacteria have then to be
thoroughly blended into the product, which is thereupon quickly frozen in
order to keep the lactic acid bacteria dominant. Such a manner of proe
ceeding seems to be most effective with regard to foodstuffs produced under
the best hygienic conditions (Saleh, Ordal)

The preveantative effect of the lactic streptococci is stronger than
that of lactic bacilli. This is due to the lactic acid produced.

The strong preventative effect in certain cases could not have been
effected by neutralization of the acid, but turned out to be due to the
production of a peroxide (Hirsch, Mattick).

Lactobacillus acidéphilos has provén (Torrey, Kaha) to be able to
prevent proteolysis in various proteolytic, spore-producing anaerobes in
media favorable to the growth of both.

PP

e .+ - ——— o b — s e




Natural antibiotics are naturally of great importance. Certain
lactic acideproducing bacteria have the ability to produce nisine. Such a
nisine-producing rod of Streptococcus lactis has come tc be used industrially,
especially in the production of certain cheeses; however, one should not
forget that the effect of nisine can under practical conditions be uneven,
since the rod can for one reason or another lose its nisine-producing
ability or be completely destroyed by other microorganisms in the product.

An antibiotic substance, subtilline, produced by Bac. subtilis, has
proven to exert a considerable effect. There are two areas within the
pH~scale where it is especially active, partly on the acidic side of the
neutral point (pH 5.5-6.5) and partly ca the alkalic side (pH 8.5=9). In
the area between 6.5 and 8.5 the effect is insignificant. In the pH-ar:as
where it is effective, 1 ppm of subtilline checks 10,000 to 100,000 spores,
while at pH=values inbetween, the same amount can only check from 1 to 10
spores. Heat has a harmful influence on the effect within the low and
high pHevalues. At such times, subtilline plus heat only check from 100
to 1000 spores (Krasnow, Jann, Salle). It is thought that subtilline does
not affect the spores, but that its effect begins when the germination
process has started (Andersen). Other scientists think that Cl. botulinum
is noticeably less resistent to heat when it is suspended in foods which
contain small amounts of subtilline than in fully subtilline~free products
(Le Blanc, Davlin, Stumbo).

Admixture of auromycine to fish filets infected with vegetative
cells of Cl. botulinum, type B resulted in a reduction of the number by
40% (Bluhm, Tarr). In other investigations (Kaufmann, Ordal, El-Bisi) Cl.
botulinum type B turned out to be insensitive to 9 different antibiotics.

It is further noticed (Lewis, Michener, Stumbo, Titus) that among
67 different antibiotics only 47 in some way prevented growth or lowered
the lethal temperature. Subtilline and nisine were active in this respect.
There must, therefore, be other chemical substances in some foods,
substances which have the ability to increase the thermo-resistance in
spores.

A antibiotic which lowers the lethal temperature in regard to
spores 1s helpful in the sterilizing of foods when a low temperature is
desirable to prevent too much cooking and to give a wider safety margin.
Certain repressing factors can in various ways cooperate and together
prevent growth and toxin production, even in concentrations where thay
alone cannot manage to achieve this.
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Environmental Conditions Due to Vacuum-Packing

Vacuumepacked foods are to be regarded as fresh foods, and must
therefore constantly be refrigerated, Vacuum-packing is 2 packing method
vhich protects the product from exterior defilement and which siows down
certain chemical processes due primarily to the influence of the air
(oxidation, rancidity, dehydration, discoloration). Also from a general
bacteriological point of view, the product seems to gain increased
stability through correct preparation, handling, and storing.

An absolute condition of the efficaciousness of this method is that
only such foods be chosen which are not influenced in an unfavorable
direction by the process or which are not changed in one way or another so
that the material or the product is affected. First-class raw material,
careful, hygienic conditions during the preparation, handling, and storing
of the product, and similar conditions during the packing are absolutely
necessary. Naturally to this can be added the correct handling, transe-
porting, and storing of the product before it is sold.

When the product is vacuumepacked, the environmental conditions of
growth and toxin production of Cl. botulinum seem to be increased or, on
the whole, seem to cause increased opportunities for anaerobic bacterial
growth. In the investigations which have been made in this field, it has
not been possible to point out growth of anaerobes (Alm, Erichsen, Molin);
while, onthe other hand, the bacterial flora during refrigerated storage
has changed in the direction of an almost pure culture of Lactobacillus
sp. and Achromobachter sp. Greenberg et alia could not in any case point
out toxln production in vacuum-packed iresh meat products before organo-
leptic, putrid breakdown was clearly noticeable. In many cases there was
putrification without toxin production. -When vacuum-packed foods are
greatly maltreated, these changes should warn the consumer.

According to what Reid states in his unpublished works, toxin of
Cl. botulinum could not be pointed out in inoculated "luncheonmeat"
vacuum-packed in cellophane pliofilm and stored for 18 days at room
temperature. The repressing effect is considered to be due to the salt
content, high nitrite content, and sub-optimal storage temperature.

GCrowth and toxin production of Cl. botulinum can in certain cases
occur at such low temperature as 5° C with regard to type E, while in
other experiments with type A negative results were obtained at 10° C.
Therefore, it is important that refrigeration of vacuume-packed foods
always be done at a low temperature.

Kadavy, Dack found that in experimentally-inoculated half-sterile
canned foods there was no sign of growth and toxin formation until after 6
months' storage. Living spores could not be found even after 2 years. At
a higher water content and pH value, toxin could be found; but not at a
lower water content and pH valus. The water content was considered to be
the limiting factor, and products with a low water content were considered
to be bad substrates for Cl. botulinum.
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MY OWN EXPERIMENTS

Preparatory Experiments

Before I began the real experiments with vacuumepacked foods, 1
thoroughly tested the various substrates, partly in order to check on these
and partly to gain knowledge about the specific characteristics of the rod
utilized and its need for a specific environment. In order to work with
inoculated foods on a larger scale, I chose from a purely laboratory-
hygienic point of view to work only with a rod of type E, vwhose spores can
easily be extracted from refuse and cultures. The utilized rod of type E
came from Div. Laboratories and Research N.Y.S. Dept. Health, and had the
designation: 35396,

For liquid substrate and basic medium of agar substrate, I chose
infusion of beef heart. In a broth containing this infusion, peptone,
common salt, and ground beef (in accordance with Recommended Methods for
the Microbiological Examination of Foods 1958) the microbe in a vacuum
grows quickly in connection with rapid spore formation. The substrate was
kept in 50 g. or 100 g. bottles with screw-caps, which were only halfe
filled in order to prevent excessive cooking when the vacuum was produced.

The risk of excessive cooking was reduced and the medium even seemed °
to gain in quality, since all the way from the preparation to the usage it
was kept in a vacuum at room temperature and in darkness. In this manner
sterility control was also obtained.

In an agar substrate of heart-muscle infusion without admixture,
as weil as with an admixture cf 0.17 Na-thioglycolate, no growth of Cl.
botulinum was obtained either when the plates were kept in an anaerobic
chamber, or when the 'petri' dishes were vacuumepacked in 'transoten' bags.
In some cases there was a teeming growth, but no toxin could be pointed
out.

The above mentioned 'transoten' bags are of exactly the same type
as those vhich are used in commercial vacuumepacking. They are made of a
combined material whose ingredients are lacquered viscose-film and polyethene
with the polyethene layer closest to the product. They are equipped with
heat-sealed edges and are closed by heat-sealing. This kind of bag was
also used in the experiments which will be related later.

The vacuum was produced by means of an apparatus of the kind used
in vacuumepacking, a so-called 'chamber apparatus.' The pumping and seal-
ing of the bag took place in a chamber which was pumped. As with come
mercial packing, the pumping degree was between 95-98%.

When sediment from an old broth culture, uhich-micgpscOplcally wvas

made up almost only of spores, vas spread on blood agar /plates/, a
typical growth of Cl. botulinum was obtained in a few colonies, the number
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of which was not in reasonable proportion to the amount cf sediment spread,
According to Zeller, Cl. botulinum can only be transferred to blood agar
plates when fresh cultures in active growth are used. Any real growth is
not possible in wolid media, since the composition of these media
apparently does not correspond to what Cl. botulinum demanda.

Specimens from a fresh (3-day-old) culture were spread on blood
agar plates which were partly incubated in an anaerobic chamber and
partly packed in vacuum bags in a commercial manner. The incubation was
made at 37° C. The growth on the agar plates incubated in the anaerobic
chamber was glready after three days rich and typical, while the blood
agar plates which were vacuum-packed did not show any growth. After &4 days,
only one plate out of 16 showed typical colonies of Cl. botulinum corres=
ponding in density to those on the control plates in the anaerobic chamber.
Even that plate showed an additional, unspecific growth. The isolated

unspecific rod (staphylococcus) allows growth of Cl. botulinum on blood
agar, according to Fortner.

After the blood plates were kept vacuume-packed at roome-temperature
for 1 wmonth, most of them (11) showed typical growth, but at the same
time more or less rich unspecific growth (see above).

When admixing 0.1 or 1% cysteine, a crystalline precipitation was
obtained in bowls kept both in an anaerobic clock and in vacuum-packs. It
was obtained at the places where the culture was spread, and the amount
corresponded to the material spread. The precipitation was greatest on
plates with 17 cysteine. After 10 days a rich growth, most often of lytic
Clostridia without significant spore formation, could be noticed in this
pracipitation. Within areas where auch culture had been spread, free
spores were found (from the original culture?). Bven after 10 days and up
to a month after the culture was spread, a thin surface growth with threade

like, meandering offshoots could be noticed between the precipitated
cryatals,

These were easiest to notice in the concentration with a %% cysteine,
vhere the distance between the precipitated crystals was greater. The
growth was identical on plates from the anasrobic chamber and the vacuum
bags. When it was transferred to a broth, toxin was produced.

Crowth of Cl. botulinum can thus occur in the reduced oxygen
situation vhich vacuumepacking represents, but only if other conditions are
especially favorable, for example, if there exists some other reducing
micro=tlora and easily autolysable msterial (blood).

If the substrate, as in practical life, is a food article with
varying composition, the question of the influence of furthering and ree

pressing factors on growth and toxin production naturally becomes compli-
cated. It is therefors necessary to gain experience in the iufluence
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of different, widely-used foods on the growth and toxin production of Cl.
boutlinum under circumstances which prevail at the time of vacuumepacking,
i.e., to gain experience of the botulinogenity of the various products.

Experimental inoculation of various foods which will be vacuume
packed and stored under conditions favoragble to Cl. botulinum, as well as

consequent investigation regarding toxin possibly produced must be performed
in great series. .

In an initial experimental series, the inoculation was performed

by spreading a spore suspension in the form of a little loop on a slice of
the product. This spore suspension had been obtained by centrifugalizing
a 10-day~old broth culture and by wasning the sediment once with a
physiological common salt solution. A corresponding slice was put on top,
and both were immersed in a 'transoten' bag, which was pumped in commercial
manner. In one bag series, the vacuum pressure was eliminated immediately.
The incubation took place at 30° C. The extract was prepared after being

stored for various periods of time by adwixing the least possible amount
of liquid.

7.9213 15 days 1 month 4% months
v o] v 0 v 0 v
1 2 12 12 12 12 1 2 1 2 3

Veal roll

0 0 + 0 = = = = +# 0 = = = - =

Cooked meai

sausage (medvurst) 0 0 + 0 =« =« + 0(+)0 = = + 0 +
Domestic meat sausag

(hushael 1 smedvurs S 0 9(+)0 = « =« = 0 0 - = 0 0 +
Coocked butts

roast (grishals) 0 0(¢)0 = = = =« 0 0 = =« = =« =~
Sandwich leg of pork - =« =« =« 0 0 0 0 0 0 = -« 0 0 +
Sauna=smoked beef - = = =« 0 0 + 0 0 4?7« = « - -
Special pork 0 0 + 0 = = = =020 ==20 0 +
Hamburger meat = = = @« 0 ¢+ + + + ¥ 2 = = = -
V t vacuumepack + 1 presence of toxin and
0 3 open bag . organolestic changes
®lumn 1 t organoleptic changes O : presence of toxin not indicated
Column 2 appearance of toxin - 3 {nvestigation not finished
Column 3 : production of toxin

in broth culture from
the product
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These experiments, which were of a preparatory character, produced -
the following results:

The different products do not seem especially suited to growth and
toxin production of Cl. botulinum. It could by noticed, however, that
hamburger meat and pork roil had a toxic effect in mice., Mice inoculated
with extract from hamburger-meat showed symptoms typical of botulism, while
mice inoculated with extract of pork roll died under uncontrolled conditions.

The toxin was thermolabile. Specific anti-serum was not svailable at the
time.

The toxin production was most often tied together with organoleptic
chang:s. The toxin was pointed out simultaneously in vacuum-closed and
open bags, and on one occasion (pork roll) in an open but not in a vacuume
closed bag. Thus the vacuum as such did not seem to be of decisive
importance.

The microbic flora of the product can be of importance under seeme-

ingly aerobic conditions and asllows growth and toxin production through
symbiosis.

The spores keep dormant over a long period of time. These results
vere gained for the following experiments:

l. The assortment of products should be broadened to comprise fish
products, as well as remaining meat products, which can be subject of
vacuum=packing.

2. The inoculation should be standardized and based on the age of the
cultur’ (10 days) and should be spplied in the form of suspension
(c. 10’ spores/ml). -

3. The vacuum should be eliminated in the control bags by air immersion.

4. Incubation of inoculated material occurs (unless nothing else is
indicated) at 24-25° C.

S. The preparation of the extract should be stanuardized to a 102 suse
pension of the product in a physiological common salt solution. 7This
concentration is chosen in order that the material used shall not
disturd the result of the investigation, and also so that the experie
ment shall resamble natural conditions. This {s becguse it has turned
vut to be very difficult to rid the spores fully of toxin by washing.
Snall amounts of toxin do not come into account in practical conditions.
The smallest dosa which can be observed when a 10% suspension is used
is (et injection of 0.5 ml) 20 MLD per g. of product. If a mouse
weighs 20 g. it corresponds to a.living mass of 40 kilos in connection
with a doss of the product amounting to 100 g.
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6. In order to ensure that the infection really occurs, immersion of the
material should be performed in every single case, suitably from the
sediment after the centrifugalizing of the suspension is finished. The
broth should be checked for presence of toxin after from 4 to & days
of incubation in a vacuum at 30° C.

7. The pH should be controlled in the suspension in each single case.
8. Possible aerobic culture should be made from the suspension.

9. Other necessary investigations should be made to clarify the specific
ability of certain foods to assist in growth and toxin production, as

well as the (specific) repressing factors which may possibly constitute
obstacles for this.

10. For the diagnosis, inoculated mice should show characteristic symptoms
and die within 24 hours, but should be observed for three days and
nights. After 3 days mice with a-typical symptoms and mors should be
regarded as unspecific reactions. If death occurs on the second or
third day, the diagnosis cannot be determined unless further experie
ments are made, possibly in connection with a neutralization test.

Experiments With Fresh Herring

Fresh herring is very botulinogenic in respect to type E. It has
therefore proven to be a perfect medium both for control of inoculations
in connection with experimentally infected, vacuum-packed foods, and as a
medium for cultures in connection with investigations of uefilement sources.

Fresh herring is gutted, boned, and rinsed; afterwards, it is drained
or wiped off with a filter paper. Before inoculation s little piece is
cut from each herring for control of naturally occurring infection. The
inoculated and the uninoculated parts ave packed in separate ‘transoten'
bags which are kept in a vacuum for from 4 to 6 days, when a toxin-check
is made. (The uninoculated part naturally does not need to be checked
except in positive cases.) In practice, it has proven possidbls ia cone
nection with naturally occurring outbreaks of type E botulism to produce
pure Cl. botulinum from a 10% suspension of herring thus inoculated, either
directly from the suspension or indirectly from a broth. In this case, it
was very difficult to obtain toxic sudb-cultures in the usual manner.
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Experiments With Inoculated Fresh Herring

Period of storage 10% suspension
days 229¢ v 0 (MLD/8)
Fresh 4 + (800) + (800)
Cooked 4 + (200) + (200)
Fresh 7 + (1000) -
Cooked 7 + (1000) -
Ground Herring 4 + (500)° + (500)
Iron Serum 4 + +
Extract 4 + +
Iron Serum Sterilized 4 + = not titrated
Iron Serum Filtred 4 + +

As can be seen, the vacuum does not seem to be of decisive importance,
even when the growth and toxin formation occur under seemingly strict
anaerobic conditions. Nor does it seem to make any difference whether or
not the herring is cooked, or whether the egg white has been precipitated
by means of colloidal iron hydroxide or by adjusting the pH value to the
isoelectric point and heating to 70° C. Toxin production occurs whether
serum or extract is used in raw, filtered, or sterilized condition.

Experimentally Infected Salt Herring (Fladén Herring) in Vacuum-Pack

Period of storage, Toxin in 107 suspension Toxin production in broth
25° C, in weeks in culture from suspen-
sion

v 0 v 0

1 0o 0 - -

2 0 0 + +

5 o - L3 -

20 0 - # -

2% wecks at 59 C plus
3 weeks at 30° € 0 - + -

The salt content is sufficiently high to prevent growth and toxin
production completely., Storage at 259 C does not cause any orgaioleptic
changes in the herring. At 30° C the product dissolves and forms a gruele
like mass, which has an aromatic, fresh smell.

-66-




Experimentally Infected Spbaked Salt Herring in Vacuum-pack

The herring was soaked in running water for about 18 to 24 hours.
The filets were inoculated and vacuumepacked in double and single layers,
respectively.

Period of storage, Toxin in a 107% Toxin production in broth
25° ¢, in days suspension . culture from suspension -
Double . Single Double Single
v 0 v 0 v 0 v 0
. S + - +* - - - " -
- + - o - - . - -
12 - - - +* - - - &+
14 - - - * - - - ¢

The toxin production can be indicated whether the herring was packed
in a vacuum or not, and in single as well as in double layers. The salting
did not give the product any enduring changes with growth-repressing effect.

Experimentally Infected "Seelachs" (Colored Cocalfish)
in Vacuum-Pack

Period of storage, Toxin in 107 Toxin production in broth
25° C, in weeks suspension culture from suspension
v 0 v 0
2 0 0 + +
5 0 0 +
2% weeks, 59 C plus
3 weeks, 30° C 0 0 + +

The salt content is sufficiently high to prevent growth and toxin
production completely. When stored over a longer period of time at high
temperature, the color disappears gradually from the product. In the end
it is completely colorless.

Experimentally Infected Filets of Norway Haddock (Sebastes Marinus, in
Norwegian fluer) in Vacuum=pack . .

A 300-ml, 9«day~oild toxic broth culture was centrifuged. For the
control of the infected rod we made neutralization tests, which gave
positive and unambiguous results. The sediment was washed and finally
immersed in 300 ml of physlological common salt solutien., From this suspene
sion we took 30 and 3 ml., respectively, for new suspensions, eacn with a
total volume of 300 ml, so that a series with the concentrations of 1, 1:10,
and 1:100 was obtained.
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The filets were dipped in respective suspensions, were drained on a
filtre paper, and were then packed two in each vacuum-bag. In half the
bags the vacuum pressure was aliminated by air immersion with the aid of a
tube. All packs were incubated at 25° ¢.

After 48 hours there was obvious gas development in all packs.
After 72 hours it was so strong that the storage had to be interrupted.
The product had a strong putrid smell, which almost made further work
impossible.

The 107 suspensions were made in a series, consisting of three packs
(various doses of infection) which were kept in a vacuum and three packs
which were in open bags. The suspensions were centrifugalized at 3,200 !
revolutions for 1 hour. 0.5 ml of the centrifugalate of each was inoculated :
into mice. All mice showed clear and typical symptoms i) hours after the
injection.

Period of storage, v 0
25° Cy in days 1 1:10 1:100 1 1:10 1:100
3 + + + + + +
(2:05)  (3:15) (2) (1:40) (3 (4)

( ) ¢ numbers of hours after the injection.

Closer titration of the strength of the toxin has not been made. It
seems, however, that the toxin was very strong (estimated to > 2000 MLD/g).
The product can be regarded as extremely botulinegenic.

Commercial vacuum=-packing before freezing such a botulinogenic
product would seem to be a hygienic venture; however, such is probably not
the case, since growth conditions are fully as good under what are apparently
not strictly anaerobic conditions. The strong gas development and the
putzid smell are alarming symptoms for the consumer. Moreover, weak toxin
doses possibly present could be destroyed during preparation and cooking.

Toxin Production in Inoculated Ground Meats

The various ground meats were contained in 100 g. bottles, of which
half were incubated in a vacuum and half in an open can.

4 days, 25° ¢ Toxin in 10%-suspension

v 0

Calf heart + +
Herring * +
Cod + -
Shrimp 0 0
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Toxin production takes place in botulinogenic products also under
conditions seemingly not strictly anaerobic.

Experiments to Discover Whether Toxin Production of Cl. botulinum Takes
Place in Artificially-Infected Cooked Shrimp, With Special Regard to Vacuume
Packs (Vacuum-Packed Before Peing Deep-Freezed)

Experiment I. Infected Vacuum-Packed Shrimp

ot n am o e At e e eeare

Period of storage, Toxin in 10%-suspension  Toxin-production in broth
25° ¢, in days culture from the suspension 5
v 0 v 0 i
2 0 0 + +
. 3 0 0 0 0
& 0 0 + +
5 0 0 + 0
6 0 0 + +
10 0 - - -
12 0 - + - 4
‘ 14 0 - + -
O 32 0 - + -
32 ¢ - + -
] : 32 0 - + .
[ 32 .0 - + -
Experiment II, Infected Shrimp, Stored in an Anaerobic Chamber at 30° C

i Period of storage Toxin in 10%-suspension Toxin production in broth
; in days - culture from the suspension
: 6 0 +
12 0 *
| ; 19 0 +
i 25 0 *
32 0 +




Experiment III. Ground meat of Infected Shrimp, Stored in Bottles at 22° C

4 daxs 8 dazs 12 days
v 0 v 0 v 0 ,
+(4) +(8) - +(3) - +(5)
3 mice . 3 mice

( ) : number of 24-hour periods after the injection

The deaths occurred in a manner not usual for botulism. No breathing

difficulty or costal breathing. Lethargy, closed eyes, no water consumption,
desiccation, quiet death.

Neutralization experiments with botuline E sera give negative test
for botulinus toxin. :

B(Eeriment IV. Preparation of Extract (Iron Serum) of Shrimp

pH 6.5. The extgact infected with Cl. botulinum,
Incubation at 22" C.

. 4 days 8 days
\'i 0 v 0
+(6) 0 +(6) +

( ) ¢ number of 24-hour periods after the injection.

The deaths occurred as under III.
Neutralization experiments not made.

Experiment V. Investigations in Dialysate and Dialyzed Ground Meat

Ground meat of shrimp diluted with water (thin gruel consistency)
was dialyzed for 2 x 24 hours against distilled water. The dialysate was
concentrated to twoethirds of its original volume of shrimp. The pH was
6.3. It was infected with Cl. botulinum and kept in bottles, the dialysate
in a vacuum and the ground meat in a closed bottle, at 25° C for 10 days.

Dialysate Dialyzed ground meat
MLD/ml MLD/g
0 or 2 more than 1000
2+ 0 20 + (3 hours)
200 0 200 + (5 hours)
200 0 0 500 + (23 hours)
1,000 + (10 hours)
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Experiment VI. Infected Vacuum=-packed Shrimp.
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12 days, 25° C

Neutralization tests of toxin of culture used for infection in the
following experiments have been made with one single result.

10%=suspension
Toxin in 0.5 ml of the Toxin in a 0.5 ml  Toxin production in broth
centrifugate filtrate (sterile) culture from the
( ) : number of 24-hour suspension
. periods after ( ) : number of hours
the injection after the injection
+ (4) 0 + (43:30)
+ (6) 0 + (<18)
+ (6) 0 + (5)
+ (7) 0 + (5)
+ (5) 0 + (£18)
0 - + (£18)
0 - + (<18)
+ 0 + (<138)
0 - + (48)
0 - + (<£18)

Experiment VII. Infected Shrimp Stored in an Anaerobic Chamber for 12

Days at 250 C

10%~suspension
Toxin in 0.5 ml of the Toxin in 0.5 ml of
centrifugate filtrate (sterile)

Toxin production in broth
culture from the suspension

( ) : number of 24-hour ( ) 3 number of hours
periods after the after the injection
injection
1 2

+ + (8 days)* 0 + (2)

0 - + (2:50)

0 - + (2150)

* ] + (2:30)

0 - + (4330)

0 - + (<4)

0 - + (4)

+ 0 + (2:05)

x) Neutralization test negative. Not botulism.
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Experiment VIII. Infected Shrimp, Ground into Meat (Without Admixture of
Waterz and Stored in an Anaerobic Chamber at 25° C. 12 Dazs

A Toxin in 0.5 ml Toxin in 0.5 Toxin production in broth
of centrifugate ml of culture from the suspension
( ) : number of filtrate ( ) s number of hours
24=hour periods (sterile) after injection
after injection
+ (3) 0 + (2:50)
+ (&) 0 + (2:05)
+ (2) 0 * (£4)
* 0 + (2:40)
+ (5) 0 + (2:50) ;
+ (3) 0 + (£ 4) » i
+ (2) 0 + (4:30) ’
B. With admixture of water.
0 - + (£ 4)

The experiments seem to suggest that shrimp under normal conditions
is quite resistent to the production of toxin after growth of Cl. botulinum.
It seems practically impossible to bring about such toxin production,
either in partial vacuum or under more complete an:erobic conditions. It
is not yet known what causes this resistance mechanism. As well as the
importance that the way the product breaks down urder normal circumstances
can have in this respect, there are also more or less complicated biochemical
and physical conditions. The water content in shrimp is between 75-80%.
but this is no expression of the equilibrium relative humidity of the
product or its content of active water, upon which the solution of essential
nutrients is dependent. Experiments with dialyzed ground meats, which turned
out to be strongly botulinogenic, suggest that the repressing effect is to
be found among such factors. It is less probable that the repression is
due to solution of specific substances.

The changed condition of the product through cooking is naturally
of importance for this resistance from a physical~chemical point of view.
It should, therefore, be of special interest to make similar investigations
on raw shrimp, which, however, has not yet been possible.

Vacuum~packing before the freezing of shrimp is of no importance
from a hygienic point of view with regard to the growth and toxin productioa
of Cl. bltulinum. This is naturally assuming that the normal conatitution
of the product 1s not tampered with, and that handling, treatment, prepara-
tion, and storage take place in a normsl hygienic manner.
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Experiments with Inoculated Ground Meat of Cooked Crab

Cooked crab was ground in a meat-grinder, and the released brine
was immersed into the ground meat. The ground meat was contained in 100 g
bottles, each of which contained 50 g.» and inoculated with 1 ml from a !

washed spore suspension containing 10/ spores. They were incubated in a
vacuum at 259 C.

Period of storage Toxin in 10% Toxin production in broth culture
in days suspension from the s.spension
3 0 pH 6.7 + (2)
6 0 pH 6.9 + (2%) :
9 0 pH 6.9 + (2) '
i2 O pH 7.2 + (2%)
16 0 pH 7.6 +

( ) : number of hours until death occurred aiter injection.

There seems to be the same resistence to infection or toxin produce
tion as in shrimp. From the sixth day, the product was dissolving into a
thin gruel, exuding a putrid smell.

Experiments With Infested Dialysate and Infected Ground Meat of Various Kinds

The ground meats were put in dialysis tyres, amounting to between
100-150 go in each. Occasionally water was admixed so that a thin gruel
consistency was obtained. They were dialyzed with distilled water for
2 X 24 hours, during which time the ground meat was repeatedly stirred,
and at a temperature not exceeding 5° C. The dialysate obtained was in
each case concentrated to two-thirds the amount of the original material.
Dialysate and ground meat were inoculated with spore suspengion. Incuba-
tion was in a vacuum at 25° C. for 10 days.
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Dialysate, Dialysed ground
filtrated pH in meat. pH in
MLD/ml dialysate 107%-suspension suspension
2 0 5.2 200 0 6.8
20 0 500 0
200 0 1000 0
Pork Heart — 2 4+ 6.6 200 + 7.4
20 + 500 +
200 + 1000 +
Hexring 2+ 6.5 200 + 6.3
20 + 500 +
200 0 1000 +
Cod 2 + 7.0 200 + 6.7
20 + 500 +
200 0 1000 0
Deep-freezed peas— , 4.6 200 0 4.2
20 0 500 0
200 0 1000 J
Deep-freezed - 2 + 6.2 200 0 4.8
spinach 20 0 500 0
. 200 0 1000 0
Shrimp + vater 2 +20 6.3 200 +(3) 6.3
consistmer) 2 ¢ W B () st
cooked =20 0O 1000 + (10) () = Rours after
. injection
Crab cooked 2 0 7.5 200 0 7.6
20 0 500 0
200 0 - . 1000 .0
Skim milk 2 0 5.8 -
20" O -
200 0 -
Separator 2 0 5.2 -
sludge 20 0 -
200 0 -
- 7‘ -
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Beef, deep-freezed peas, deep-freezed spinach, cooked crab, skim
milk, and spoarator sludge cause no growth or toxin production of Cl.
botulinum, type E, either in dialysate or ground meat; vhile shrimp, as is
mentioned earlier, showed toxin production in water-diluted ground meat but

not in dialyzate.

The experiment showed to what extent these products

could serve as madia for growth and toxin production (botulinogeneity).

Experimentally-Infected Smoked Fish Products in VacuumePack

Toxin in 10%-
suspension

Period of storage
22-25° C, in weeks

Toxin production in broth cul ture

from suspension

Snoked Eel

0O pH 6.8
0 pH 6.9
0 pH 6.6
" ‘ 0 pH 7.2

9nked Mackerel

2 0O pH 6.3
12 (putrid) 0 pH 6.6

Smoked Herring

0 pH 6.6
0 pH 6.2

(putrid)
[

watoNn

SR RV

t

$ O 4 O

+ 4+

+

+ +$00

Smoking and other treatment have in these products changed the
substance in such a manner that growth and toxin production of Cl.

botulinum is made impossible.

Meat Products Inoculated with Spore Suspension and Incubated in an
Anaerobic Chamber at [4

Period of Toxin in 10% Toxin production

storage suspension in broth culture

. weeks from suspension
Collared head 1l ‘0 pH 5.6 *
2 0 pﬂ 6.3 L
Live: paste 1 0 pH 3.4 +
2 0 pH 5.1 *
Veal brawn 1 0 pH f.2 *
Cooked Boston butts 1 0 pH S8 *
6 o - L 3

(continued)
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(continued) Period of Toxin in 10% Toxin production
storage, suspens On in broth culture
week 8 from suspension

Cooked beef 1 0 pH 5.8 +

6 0 pH 6.1 +

Ham sausage 1 0 PH 5.2 +

6 0 pH 5.9 +

Cooked leg of pork 1 0 PH 5.7 +
6 0 PH 6.8 +

Cooked meat 1 0 pH 5.2 +
sausage (pork) 6 0 pH 5.8 +

Even under strictly anaerobic conditions and at a favorable tempera-

ture, it does not seem possible to obtain toxin production within a reasonable

time in the above inoculated products.

&ggrimentaux Infected Meat Products in v,acuum-gack

Incubation at 22.24° €

Period of Toxian in 10%- Toxin production
storage, suspension in broth culture
weeks from suspension

Liver paste 1 0 pH 5.5 +
2 0 pH 5.8 +*

8 0 PB be2 +

10 0 pH 4.8 *

10 0 pH 4.2 L

13 0 pH 4.0 +

Liver paste ¢ Sexrratia 1 0 pH 6.0 *
2 0 pH 6.4 +

10 0 pH 4.8 *

Liver paste ¢+ Koli 1 0 pHS.S *
2 0 Pll 5.2 +

10 0 pH &5 *

Liver paste ¢ Serratia 1 0 pH 6.0 *

extract
Liver paste + Xoli 1 0 pi 6.0 *
sxtract

Hamburger meat 3% 0 pHSs.2 *
8 0 pH 48 *

10 0 pH 5.5 .

13 0 pH 4.8 L

Pork roll 3% 0 pH 5.5 *
10 0 pi 5.5 L

{continued)
o 76 -
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Period of Toxin in 10%- Toxin production
storage, suspension in broth culture
weeks from suspension
Pressed veal 3% 0 pH 4.8 +
10 0 PR 4.8 *
Sausage 1 0 pH 4.8 +*
2 0 pRH 5.2 +
4 0 pH 4.7 +
5 0 pH &.5 +
10 0 PH 4.5 +
Brawn 10 (putrid) O PH 6.6 +
Wiener sausage 8 0 pH 4.0 +
Pork 8 0 pH 5.8 +
13 0 pH 5.6 +
Salt beef 8 0 pH 6.1 +
13 0 pH 5.8 +
Sal ami 8 0 pH 4.8 +
13 0 pH 4.8 .
Bacon 8 0 pH 5.8 +
13 0 pH 5.6 +
“Berliner"™ cooked 8 0 pH 4.2 +
mest sausage
"Goinge"™ sausage 8 0 pH 4.0 *
Smoked leg of pork 8 0 pH 5.2 +
13 0 pH 5.5 *
®Bayonna" leg of pork 8 0 pH 6.6 *
13 0 pH 6.6 *
"Biexr" leg ¢f pork 8 0 pH 4.5 *
13 0 pH 4.5 *
Domestic meat ssusage 8 0 pH 4.2 .
Cooked leg of pork 8 0 pH 6.0 *

CONCLUSION

It is & fact that on no occasion have we baen able to point out
toxin production in the product in our investigations in spite of favoradle
conditions of tempurature and time. Such loang storage would probadbly never
It can ba concluded that these
products do not comstitute favorable media for growth and toxin production.

occur in practice, even at lov temperature.
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The reasons can be many and varying. The pH value in the product is
changed in many cases in such a manner that toxin production during storage
18 made impossible. :

The water content is in most cases below 507, and the equilibrium
relative humidity is probably usually very low, whicih to a great degree
3 represses growth and toxin production. The conditions of growth and toxin
production are not attained even by admi ture of such micro-flora, which
can be conducive to reduction of the red-oxpotential. Neither is vacuume

¢ packing decisive in spite of the fact that it tributes to the maintenance
of a low red-oxpotential.

The NaCl, NaNO,, and NaNO contents as well as other antagenistic
substances are in mos% cases unknown but can naturally function as represse
ing factors like cooking, smoking, and other treatment.

The possibilities of growth and toxin production in commercially
vecuum-packed foods cannot be traced merely to a single favorable factor,
such as, for example, the production of a vacuum, since the counteracting
factors are overwhelming. It can therefore be established that these
possibilities are fully dependent on the kind and nature of the product
itself and to the product's degree of botulinogeneity. In this respect,

the inclination to autolysis is a primary determinant ("primary botulino=
geneity.")

<:) In the second place, we have the remaining microbial flora, mainly
proteolytic, which can contribute to the breakdown of the product ("secondary
botulinogeneity"). When it comes to botulinogenic substances or products,
the risks of growth and toxin production seem to be equally great whether
or not the product is vacuum-packed. Production of &z vacuum can in such

cases contribute to creating alarming cautionary symptoms noticeable to
the consumer.

Summarx

In a general survey, based on the literature in the field, the
influence of various environmental factors on the growth and toxin pro-
duction has been explained. The chemical composition, the pH value, the
red-oxpotential, the physical situation, the various changes through
preparation, the initial micro-flora, the synergism and antagonism, etc.,
of the product are factors which regulate and limit the possibilities here.

When it comes to vacuumepacked foods and the possibility of growth
and toxin production due to the apparently anaerobic conditions, it turns
out that bacuum in itself is not of essential importance but that the
possibilities of growth and toxin production are fully dependent upon the
kind and nature of the substance itself. Its disposition to autolysis is
decisive for its botulinogenity.
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