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SUMMARY

Haddock inoculated with 1 x 102, 1 x 10% or 1 x 10% spores
per gram of type E, Cl. botullnum and irradiated at 150, 250
or 350 kilo rad, then held at 33, 35 or 40°F did not become
toxic in 1, 2 or 3 times the irradiated storage life at these
temperatures (maximum of 65 days at 40°F, 120 days at 33 |
and 35°F). | |

Haddock inoculated with 1 x 10° sporés per gram of
type E, Q;._botulinum, irradiated with 150, 250 of 350 kilo
" rad and stored at 45°F did not become toxic in 1, 2 or 3 times
the irradiated storage life at that temperature (maximum of
26, 42 and 54 day3~respectiveiy);. |

Haddock inoculated with 1 x'104 spores per gram of
type E, Cl. botulinum irradiated at 150 kilo rad and stored at
45O%F became toxic in 3 times the irradiated storage life
(26 days) but was not toxic in 2 times the irradiated storage
1ife (18 days). |

Haddock inoculated with 1 x 104 spores per gram of
type E, Cl. botulinum, irradiated at 250 kilo rad and stored
at 45°F became toxic in 3 times the irradiated storage life
(42 days) but not in 2 times the irradlated storage 1life
(29 days). |

Haddock 1nocu1ated'w1th 1 x 10% spores per gram of )
type E, Cl. botulinum irradiated at 350 kilo rad and stored
at 459F became toxic in 3 times the 1rfad1ated-$torage life

(54 days) but not in 2 times the storage life (36 days).
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Haddock inoculated with 1 x 106 sporés of type E, Cl.
botullnum, irradiated at 150, 250 or 350 kilo rad and stored
at 45°P became toxic in the normal, l1rradiated storage life
time (16, 16 and 20 days respectively). |

In samples 1inoculated with 1 x 106 spores per gram of
type E, C1. botulinum, some of whilch were not irradiated,
others of which were irradiated at 100 of 200 kilo rad,
all of which were stored at 45°F, toxlcity occurred in
irradiated samples at the same time (8 days of storage).

In samples inoculated with 1 x 104 spores per gram of
type E, Cl. botulinum some of which were not irradiated,
others of which were irradiated at 100 or 200 kilo rad, all
of which were stored at 45°F, the unirradiated samples became
toxic in 16 days, the irradiated samples in 19 days.

In a preliminary survey in which 18 - 50 gram portions
of commercially produced haddock fillets were cultured, none
of the cultures were found to contaln the toxin of type E,
Cl. botulinum.

In a survey to determine the level of contamination of
commercially produced haddock fillets with type E, Cl. botulinum
34 - 555 gram samples from 5 different plants have been cultured
by the Most Probable Nuhber technique. Among these only 8
contained type E, Cl. botulinum. |

The highest concentration of type E, Cl. botullnum cells
found in any of the 8 contaminated haddock fillet samples has

been found to be 0.17 per gram or 17 per 100 grams,
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Theﬁe is some factor in haddock, and in haddock press
Julce, which tends to destroy the spores of type E, Cl.
botulinum dﬁring standing. For instance, i1f the heat shocked
spores of.this,drganism are inoculated into haddock press
Juice (pH found to be 6.7) to provide a concentration of
1 x 106 per ml. and this suspension is held at 359F for

- 24 hours, then counted to determine the number of clostridia,
there is a decrease in the number of viable cells to provide
a count of only about 1 x 103 per ml.

The therﬁal destruction time for 10,000(LD50 (mouse)
units of type E, Cl. botulinum toxin in fish press julce
(pH 6.7) has been determined. Approximate times are:

55 minutes at 140°F, 11.5 minutes at 150°F, 2.35 minutes at
160°F, 0;5 minutes at 170°F, 0.1 minute at 180°F and
0.02 minutes at 190°F. |

Thé temperatures attailned at the slowest heating‘point
during the deep fat frying of haddock‘portions.and during
Qcopling'after removal from the frying medium, have been recorded.

The'temperatufeS'attained during deep fat frying, in the
sample of haddock reaching the lowest temperatures, have been
integrated graphically with the thermal destruction times

| at various temperatures for theﬂtoiin of type E, Cl. botulinum.
If 1t is consideréd that the heating time required to
inactivate a unit amount of type E toxin at a particular
temperature wouldrbe_inoreased tenfold if 10 unit amounts of

toxin were to be inactivated, then during the deep fat frying
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and subsequent cooling of haddock (that sample attaining the
lowest temperature) approximately 21 - 10,000 LD5o mouse units
of toxin would be inactivated (approximately 47 man lethal
doses calculated on a weight basis).

Maunder et al.1

have found that in buffer at pH 6.0
approximately 10 times'the heating time at a particular
temberature is reguired to inactivate 10 unit amounts of typc
E, Cl. botulinum toxin as 1s required to inactlvate 6ne unlt
amount of toxin at this temperature.

In experiments in this laboratory it has beén found
that when present in haddock press juice (pH 7.05) the relation-
éhip between heating destruction time at a particular
temperature for 10 times a unit amount of type E toxin as
compared to that for a unit amount of toxin 1s only 5.5 to 1,
This provides for éh even greater destruction of toxin during
the cooking of fish, should toxin be present, than was previously
indicated.

In haddock inoculated with 1000 spores per gram of type E,
Cl. botulinum, irradiated at 200 kilo rad and.held for 42 days
at 45°F, the highest titer of toxin which has been found is
200 MLLso units ber gram, this 1s equivalent to 22,680 MLD50
. units per U oz. serving. The deep fat frying of haddock
under standard conditions destroys much more toxin than this
amount.

In haddock inoculated with 1000 spores per gram of tyﬁe;E,
Cl. botulinum, irradiated at 200 kilo rad and stored at 75°F



for 10 days the highest titer of toxin found (tested daily)
was 2000 MLDgo units per gram, equivalent-to 226,800 MLDg
units per 4 oz. serv1ng. Calculated on the basls that the
number of minutes requlred to destroy one unit of toxin; the
deep fat frying of haddock under standard conditions woﬁld
destroy more toxin than 226,800 MLDs50 ﬁnits.

The effect of pH on the thermal destruction of type E,
"Cl. botulinum toxin suspended in fish press Jjulce has been
determined. The toxin i1s much more stable at pH 6.0 than
~at pH 7.0 when heated at 150°F and much more stable at pH 7.0
than at pH 8.0 when heated at the same temperature.

It has been found that there 1s a factor in haddock
press Juice}which decréases the potency of type E, Cl. botullnum
toxin when this ﬁaterial'is prqduced in a dialysis bag in TPG
broth and added to the fish press julce without trypsinizatlon.
If the type E, Cl. botulinum toxin material is first tryp-
sinized, then diluted in haddock press julce there is no
decrease in the potency of the toxin. ‘

It has been found that when present in such concentrations
as to provide a.count in the 1:10 dilution, the cells of
type E, Cl. botulinum can probably be identified by growth
in trypticase-peptone~manno$e agar containing brom thymoi
blue (as an indicator of acid production) and incubating at
_485°%F., Such cultures should be made.by the spin-ttibe.technique2
ahd 1ncﬁbated for approximately 26 days. Confirmation could be

made, if”necesséry, by 1isolating cells from acid-producing
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colonies, culturing these in a suitable liquid mediuﬁ and
testing the latter culture for toxin.

 The spores of type E, Cl. botulinum have been cultured
'at 45°F, aerobically and anaerobically in irradiation-sferilized
ground haddock tissues without and together with the cells
of other bacterial specles.

In aerobic culture 1n which type E, 0l. botullnum alone

was present toxin was produced but there was no odfgrowth of
the organism. In aerobic cultures in which type E, Cl. botulinum
" and some other organism were present the following results

were obtalned: with Streptococcus lactis there was outgrowth

of the latter, possibly a slight outgrowth of Cl. botulinum

was outgrowth-of the latter, no outgrowth of Cl. botulinum

and no toxin production; with Lactobacillus viridescens there

was outgrowth of the latter, no outgrowth of Cl. botuli:..

and no toxin production; with Cl. sporogenes there was ouigrowth

of nelther organlsm and no toxin production. With Pseudomonas

fragl as well as with Pseudomonas fluorescens there was

outgrowth of the Pseudomonas species in each case and also

outgrowth of Cl. botulinum and toxin pfoduction in each case.

With Achromobacter there was outgrowth and toxin production,

but as with Ps. fluorescens, at least 20 days at 45C0F were
required for toxin production, whereas with Ps. fragi 10 days
at U450F were required for outgrowth of Cl. botulinum, type E

and toxin production.
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In anaerobic cultures in which these organisms were
1noculated'together as previously indicated there was no
outgrowth of Cl. botulinum and: no toxin production in any
case and among the other organisms inoculated separately or
together with the latter organisms only S. faecalls, S. lactils
and L. viridescens grew out.

It is thus indicated that the type of bacteria which
causes spollage of fresh fish, and which is largely destroyed
by irradiation treatment, is among the organisms which facili-
tate outgrowth and toxin production by type E, Cl. botulinum
in haddock. Moreover,_this occurs under aerobic conditions.
Aénggmgbgéter, the spoilage organism of 1rradiat10n4pasteurized
fish, may do the same thing but requires a longer time at 45OF
to set up conditions for growth of type E, Cl. botulinum.

This implies that as far as botulism 1s concerned, irradiation-
pasteurized fresh fish products may constitute a lesser public
health hazard than fresh fish which are handled in the usual
manner, _

_ It 1s considered that the 1rrad1ation-pasteurization'of
haddock presents no particular public health hazard regarding
botulism, for the following reasons:

a) There is no outgrowth or toxin production of type'E,
Cl. botulinum in haddock when inoculated with this organism
at high concentrations, irradiation-pasteurized and held
‘at 33, 35 or 40°F. ‘

b) In haddock inoculated with 1 x 10° spores of type E,

Ccl. botuiinum, outgrowth and toxin production does not occur
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when the product 1s irradiation-pasteurized and held for
fhree times the éxpected storage life at 45°F.

c) Type E, Cl, botulinum is usually\not present in
555 gram portions of commercially produced haddock fillets.

d) The highest concentration of type E, Cl. botulinum
which has been found, in those samplcs of commerclal haddock
f1llets which contalned this organism, was 0.17 per gram.

e) It has been shown that the heat applied during the

‘deep fat frying of'haddock portions is sufficient to. inactlvate
a number (about 47) of 10,000 LD5o mouse units of type E, |
Cl. botulinum toxin.

f) It has been found that the type of bacteria which
causes spollage of fresh fish enhances growth énd toxin
production of type E, Cl. botulinum in fish. These bacteria
are mostly destroyed by irradiation-pasteurization treatment
of haddock. | |

In'a survey to determine the level of contamination of
commercially produced shucked soft-shelled clams (ffom Massa-
chusetts and Maryland) 3 - 1l.1 gram samples and 15 - 555 gram
samples have been cultured on a Most Probable Number basis
and tested for type E, Cl. botulinum toxin. Four of these
samples were toxic. In those samples contalning toxin, the
highest cell concentration of type E, C1. botulinum indicated

was 2 per 100 grams or 0.02 per gram.
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METHODS

Production and Harvesting of Spores for the Inoculation of

Haddock Filllets

| A poftion of 10 ml. of Tryptilcase-Peptone-Glucose broth
containing 0.2% of sodium thioglycollate was 1nbcu1ated'w1th
the spores of type E, Cl. botulinum. This suspension was
heat shocked at 140°F for 15 minutes, stratified with vaspar
then incubated at 30°C for about 18 hours: This culture

was transferred to 1dO-ml. of the same medium which had

been preheated, was then stratified and incubateq for 24 hours
at 30°C. The 100 ml. culture was then transferred to 1 liter
of the preheated medium which was stratified and 1ncubated

at 30°C for 72 hours.

The spores were recovered by centrifuging 100 ml. portibns
at TO0O to 8000 RPM for 20 minutes in a refrigerated centrifuge
(32°F). The supernatant was poured off in each case and the
resldue washed with distilled water then centrifuged. This
was repeated three times. The final spore crop was finally 4
collected in a sterile 50 ml. bottle to which 20 ml. of sterlle,
distilled water had been added.

Spores of Beluga, Detroit, S8E and Minneapolis strains
of type E, Cl. botulinum were collected éeparately in this

manner and held at 32°C until used.
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Inoculation of Haddock Flllets with Spores of Type E,

Cl. botulinum.

The spores were heat-shocked at 140°F for 15 minutes
after which counts were made on TPG agar contalning thio-
glycollate, 0.05% of ferric citrate and .07% of sodium
sulfite. The spin-tube technique was used. The colonies
were counted and calculations made as to what portion of a
particular dilution of each strain should be inoculated into
fillets to provide concentrations in the inoculated product

4 or 1 x 106 spores per gram of the mixed

of 1 x 102, 1x10
strains. The heat-shocked spores were mixed and 1nopu1ated
into fillets with a 0.5 ml. tuberculin syringe and 2% inch,
22 gauge needle. In inoculating, the needle was'inserted a
distance of 14 inches through the long side of the fillet,
between the front and back, and as the needle was withdrawn
through a distance of 3/4 of an inch the suspension wés injected.
Quantities of 10 pounds of fillets were inoculated with
a particular concentration of spores and after inoculation
the 10-pound portion was placed in a polyethylene bag, the
bag sealed and placed in a cardboard carton made to hold this
quantity of product. The cartons were held at 32°F until the

product was irradiated, within a few hours after it had been

inoculated with spores.



- 11 -

Irradiation and Storage of Inoculated Flllets.

For doses of 150 and 250 kilo rad the boxes of fillets
were merely placed in the center irradiation chamber of the

Mark I co®°

source, the‘chamber lowered into the well and
allowed to remain there for the time required to provide the
required dose. Due to the longer time required, when a dose
of 3504kilo rad was applied, the cartons in the center
irradiation chamber were surroundéd with crushed ice during
irradiation treatment. After irradiating, the cartons were
placed in storage at 33, 35, 40 or 45°F until tested for
toxin.

| The concentrations of spores of mixed strains of type E,
Cl. botulinum per gram of fish flesh used for inoculation,
the irradiation doses applied and the storage temperatures

and times used'after irradiation and before testlng for toxin

are 1listed in the following:

Storage
Time . ,
Inoculum , : . (normal Additional
Level Irradiation Storage storage Storage
(spores Dose Temp. life in Time
per gram) (rad.) . (°F days) (days)
10% 150,000 33 15 90 120
106 150,000 33 15 90 120
10 150,000 33 15 90 .120
1o§ 250,000 33 25 90 120
106 250,000 33 25 90 120
10 250,000 33 25 » 90 120
lOi’_ 350,000 33 35 90 120
10 350,000 33 35 30 120

106 350,000 .33 35 30 120
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continued
Storage .
: . Time
Inoculum (normal Additional
Level Irradiation Storage storage Storage
~ (spores Dose Temp. life in Time
per gram) (rad.) (°F days) (days)
1o§ 150,000 35 13 90 120
10¢ 150,000 35 13 90 120
103 150,000 35 13 90 120
107 250,000, 35 . o1 90 120
104 - £50,000 35 21 90 120
109 250,000 35 21 90 120
102 350,000 35 30 90 120
10/ 350,000 35 30 90 120
10 350,000 35 30 90 120
1o§ 150,000 40 10 20 30
10% 150,000 40 10 20 30
10 150,000 40 10 20 30
103 250,000 40 17 34 51
1o6 250,000 4o 17 - 34 51
10 250,000 40 17 4 51
1o§ 350,000 40 22 4y 56
10% 350,000 40 22 Ll 66
10 350,000 - 40 22 Ly 66
103. 150,000 45 8 16 ol
106 150,000 45 ' 8 16 24
10 150,000 45 8 16 ol
1o§ 250,000 45 14 28 42
104 250,000 h5 14 28 42
10 250,000 45 14 28 yo
1o§ 350,000 45 18 36 54
102 350,000 45 18 36 54
10% - 350,000 45 - 18 . 36 54

Testing of Fillets for Toxicity After Inoculation, Irradiation

and Storage.

After a particular storage period had ended the liquid
which had accumulated in the package was trypsinized (0.1 ml
of 1% trypsin to 1.0 ml. of drip) at 98.6°F for 45 minutes

~
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then centrifuged (32°F) at 8000 RPM for 10 minutes, the
centrifuged supernatant was diluted 1:10 with gel-phosphate
buffer (0.4% NaoHPO4 and 0.2% gelatin in 1000 ml. distilled
HoO; adjusted to pH 6.2). This was 1nJecteé 1ntrapqr1toneally‘A
into unprotected mice and into mice protected with type E,
Cl. botulinum antitoxin. Untrypsinized drip liquid was also
injected and in this case the drip was centrifuged (as above)
and dilutéd 1:10 in gel-phosphate buffer prior to injection.
- For each test one protected and two non-protected mice
were used for both trypsinized and non-trypsinized extracts.
Mice were observed for symptoms after 24 and 48 hours
following injection.
Examination of Commercial Haddock Fillets and Shucked Softr

Shelied Clams for the Presence of Type E, Cl. botulinunm.

| The haddock fillets or clams were ground witﬂ a sterile
hand grinder, mixed and placed in preheated and cooled TPG
broth containing 0.2% of sodium thioglycollate. The medium
was stratified with vaspar and incubated at 86°F for 3 days
prior to testing for toxin. This was done by MPN technique,
so that for each sample, five 100-gram portions of fish or
clams were §ultured in five 1000-ml. portions of medium,
five 10-gram portions of fish or clams in five 100-ml. portions
of medium and five l-gram portions of fish or clams in five
10-ml. portions of medium. The total sample, therefore, consisted

of 555 grams of ground haddock fillets or clams. This was the
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case with all but 3 samples of clams in which case 10, 1 and
O.l-gram samples were cultured, the total sample consisting
of 11.1 grams. Each culture was tested for toxins by mouse
1njeétion. In this case the cultures were first centrifuged,
the supernatant trypsinized, diluted 1:10 in gel-phosphate
buffer and injected. Non-trypsinized, 1:10 dilutions in gel-
phospha;e buffer were also injected. Otherwise the test was

made in the manner previously indicated.

Anaerobic and Aerobic Counts on Inoculated, Irradiated and

Unilrradlated and Stored Fish Fillets.

Dilutions of the fish press julce were cultured in TPG |
agar conﬁainihg 0.2% sodium thioglycollate, 0.05% ferric
citrate and 0.07% sodium bisulfite and 0.05% of sodium bioar-
bonate (sterile solution). The Tauji spin=-tube techniqﬁé
was used, the i1noculated liquid agar being spun in a cold-
wéter bath to provide a iayer of medlium around the inslde of
the tube. The cotton stopper was pusheq in, 1 gram of
pyrogallic acid powder and 1 ml. of 20% sodium carbonate added
on top of the stopper, a rubber stopper inserted and the tube
inverted. Cultures were incubated at 86YF and counts were
made after 18, 24 and 36‘hours. Black colonies were considered
to be indicative of clostridia.

In making aérobic counts the diluted drip liquid was
surface plated on Eugon agar. Plate cultures were incubated

for. 5 days at 68°F before colony counts were made.
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Test to Determlne the Effect of Fish Press Julce on the

Spores of Type E, Cl. botulinum.

Fish press julce was obtained by freezing and thawing
ground. haddock fillets. This was heated to 158°F and filtered
through cheesecloth. About 25% of the solids were resuspended
in the broth and blended with it. Thils was placed in tubes
and autoclaved for purposes of. sterilization.

. The spores of 8E and Minneapolis strains of type E,
Cl. botulinum were heat-shocked (140°F for 15 minutes) and
counts were made on TPG agar containing 0.2% sédium thio-~
glycollate which‘was stratified with 2% agar. Cultures were
incubated at 86°F. When the counts had been made a tube of
sterlle fish-pfess julce was-inoculated wlith such dilutions of
sporés as to contain approximately l1x 106 per ml. ‘Minneapolis
and 8E strains of type E, Cl. botulinum were lnoculated into
separate tubes of flsh press Julce and both were placed at
35°F. After 24 hours at this temperature, counts were again

made on the fish-press julce as 1lndicated above.

Determination of the Thermal Destruction Time of Type E,

Cl. botulinum Toxin. '

One ml. of é mixtﬁre of the heat-shocked spores of 8E,
Minneapolis, Detrolt and Beluga strains of type E, glf botulinum
was- inoculated into 100 ml, of preheated TPG medium with
thioglycollate. This was stratified with vaspar and incubated
at 86COF for 3 days. This culture was centrifuged for 20 minutes

at 8000 RPM in a refrigerated centrifuge and the supernatant
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collected in a sterile flask and held at 35°F until used.
Portions of the supernatant were trypsinized, diluted in fish
press Jjulce and allowed to stand at 35°F for several hours.
Thls was diluted in gel-phosphate buffer and injected intra-
peritoneally 1into protected and non-protected mice. Six
non=protected mice were used in each case and calculations
were made from the dilution at which 50% of the unprotected
mice died to obtain the LDgy. In fish press julce the
conceptration was 10,000 Lb5o unlts of toxin. In this.form

1t was heated for various times and temperatures after which
0.5 ml. of the heated'then trypsinized material was injected
into 3‘non-protected mice and one Qrotected mouse and deaths
recorded. The time of heating at a particular temperature at
which no deaths occurred was considered to be the inactivation
time. The spread in heating times at whioh dcaths occurred and
that at which no deaths occurred was 0.5 to 10 minutes. A
curve was drawn on semi-log paper in which.temperature'was
plotted on the abscissa and time on the ordinate (log scale).

Determination of the Temperatures Attained in Haddock Portions

During Deep Fat Frying and Subsequent Cooling.

Portions of haddock fillets were cut to such a size
that 9 oz. of fish would be cooked in one gallén of oil.
A thermocouple, attached to a continuous temperature recérder,
was 1nserted into the center of the thickest portion of the

plece of fish and the portion was placed in oil at 375°F.
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The temperature of the interior of the fish was recorded
continupusly during cooking and cooling. The maximum fish
thickneés varied between 1/2 and 1 inch and cooking times
varied between 3.5 and 6.5 minutes. Since the temperature’
continued to rise for some time after removal of the fish from‘
the cooking oil and to decrease slowly éfter the maximum temp-
erature had beeh attailned, the temperature was recorded durling
cooling down to a temperature of 140°F

Integration of - the Time-Temperature Effect on the Destruction

of Type E, Cl. botulinum Toxin.

A table was first prepared in which certain data from
the cooking'and cooling curve (that portion of fish attaining
the lowest temperature) and the thermal destruction curve
for 10,000 LD50 mouse units of toxin were recorded. This
included (1) the time of cooking or cooling, (2) the temp-
~ erature in the fish at that time, (3) the destruction time
in minutes at that temperature for 10,000 LD56 mouse units
of toxin, and (4) the destruction rate for the toxin at this
temperature (reciprocal of the destruction time at the
particular temperature).

A curve was then drawn on Carte51an coordinates in whilch
the destruction rate (for toxin) per minute was plotted on
the ordinate and the time of heating on the abscissa. Since
one unlt on the ordinate was equivalent to the destruction of

two-tenths of 10,000 LDso units of toxin and one unit on the
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absclssa equal to one minute, one square under the curve

was equivalent to the destruction of 0.2 x 1 or (0.2 x 10,000)
= 2000 LDgp units of toxin. That being the case 1/0.2 or

5 squarés under the curve would be equivalent to the
destruction of 10,000 LDgy mouse units of toxin.

_ Toxin Concentration in Haddock Fillets Inoculated with Type E

Cl. botulinum, Irradiated at 200 Kilo Rad and Held at 45°F

or at 75°F.

| The fillets were cut into 50 gram portions and 1nbcu1ated
'with type E, Cl. botulinum to contain a concentration of 1000
‘spores per gram. Inoculation was carried out by injection
within the flesh with hypodermic needles. Inoculated port;ons
were blaced in polyethylene bags, the bags sealed, placed'in
cartons and irradlated in the Mark I Cogg source to a dosage
of 200 ldilo rads.

After irradiation some samples were held at 75°F, others
at 45°F. Samples were tested for toxin titer, aerobic and
clostridial counts. Toxin titer determinations were made on
the ground fish diluted with buffer as previously described.
Aeroblic cbunts were made by surface plating on Eugon agar
with 0.5% yeast-extracﬁ, after incubating for 5 days at 68°r.
Clostridial counts were made by culturing in TPG agar with
ferric citfate, 0.07% sodium sulfite, 0.05% of sterile (filtered
solution) sodium bicarbonate-and 0.2% of sodium thioglycollate.
The medium was melted and poured into Miller-Prickett tubes
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after the lnoculum had been added and was stratifled with
2% agar containing 0.2% of sodium thloglycollate. CultufesA
were incubated at 86°F and counts were madé after 18, 24
and 36 hours. Black colonies were éonsidered to be indicative
of clostridia. |

Samples held at 75°F were tested for toxin and examined
for aerobic bacterlia and clostridia dally. The same tests
were made every 7 days on samples held at 45°p,

Production of High Titer Type E, Cl. botulinum Toxin,

' The.following liquid media were 1nocu1ated wilth spores
of the 8E strain of Cl. botulinum: TPG with thioglycollate
and 0.5% glucose, TPG with thioglycollate and 0.1% glucose,
brain heart infusion broth with thioglycollate and 0.2% glucose,
and liver broth (pH 7.2). After incubation at 75°F for 6 days
the various media were tested for toxin titer in the regular
manner, |

Since TPG medium with thioglycollate and 0.1% glucose

gave the highest titer an attempt ﬁas made to obtain a higher
titer by growing a-mixture'of the four strains of ﬁype E,
Cl. botulinum in this medium in a cellulose bag contalning
70 ml. of medium immersed in a flask containing 1.5 liters
of medium. The liquld medium could dialyze through the bag
but cells and toxin could not. The ¢u1ture‘was centrifuged,
‘diluted, trypsinized and then tested for toxin concentration

in the usual manner. When the culture material was diluted
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in fish press julce, then trypsinized to test for toxin, 1t
was found that the toxin had a titer of lOOO LD50 mouse units.
However, when trypsinized and then dlluted in fish press julce
to test for toxin, the titer was 500,000 LD50 mouse units.

~ Stratn 8E, type E, Cl. botulinum was next cultured in
dlalysis bags contalning 70 ml. of media Immersed in a flask
containing 1% liters of medium. The medium in this case
consisted of TPG broth (1% glucose) with thioglycollate, the
trypticase, peptone and glucose and thioglycollate being
dilssolved in a haddock extract (1 liter of distilled water to
1 pound of haddock, simmered for'30 minutes and flltered
through cheesecloth). Incubation was carried out at 75°F
and tests were made for toxin by diluting in fishvpress julce
then trypsinizing, and injecting into mice. This material
diluted in fish press Jjulce had a titer of 500,000 TDgg mouse
units after 8 days of incubation and the fish press juice
used for dilution did not lower the titer. This materlal
was used to determine the effect of concentration of toxin
on hcat inactivation time.

Effect of Toxin Concentration on Heat-Inactivation Time.

Starting with a 500,000 LDgp mouse unit concentration
of toxin regulated to pH 7.05 the concentration was diluted
with sterile TPG-haddock press julice broth to obtaln concen-
trations of 50,000, 5,000 and 500 LDSO mouse units. All of
these concentration of toxin were pleced in capillary tubes,

heated for various times at 150°F, then trypsinized and tested
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for toxin in the usual manner without further dilution. An
inactivation curve was then drawn in which the inactivatlon
time was plotted on the log scale against toxin titer on the
Cartelsan coordinate.

Effect of pH on the Heat-Inactivation Time of Type E, Cl.

botulinum Toxin.

The original pH of the toxin concentrate produced in
TPG~-thioglycollate-fish extract broth was 6.15. This was
used as such to determine heat-inactivation time at that
pH and was adjusted to pH 7.05 and 8.10 with 20% sodium
hydroxide solution. The thermal inactivation time at 150°F
was determined at each of the adjusted pH's in the usual
manner. A curve was then drawn in which inactivation time was

plotted on the log scale and pH on the Cartesian scale.

Development of Methods to Determine Type E, Cl. botulinum

in Foods When Present in Sufficlent Concentrations.

Pure cultures of 8E, Detroit, Minneapolis and Beluga
strains of type E, Cl. botulinum were cultured on trypticase-
peptone-mannose (1%) agar with 0.2% of sodium thioglycollate.
This medlum contained as acidﬁindicators, 2.4 PPM of neutral
red, or 8 PPM of brom thymol blue, brom cresol purple or
methyl red, to detect acid formation from mannose. |

Cultures were made by the spln tube technique and
anaerobiosis was obtained by adding solid pyrogallic acid
on toﬁ of the pushed in cotton stopper, adding 20% sodium
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carbonate solution to this, stoppering the tube with a‘rubber
stopper and inverting the tube. Cultures were incubated at
'45°F and observed for colonles producing acid as indicated
by a change in the color of the dye.

Effect of the Growth of Other Bacteria on Growth and Toxin

Production by Type E, Cl.-botulinum.

Haddock fillets were ground, placed in impervious
containers and sterilized with an irradiation dose of 4.0
megarad in the co%0 source. This material was held for 24
to 48 hours at 36 to 40°F to obviate any effect of the
irradiation treatment on the ground.fish which might Influence
the growth of bacteria in this material.3

Portions of 50 grams were now placed in plastic bags
and 1inoculated and mixed with the Detroit strain of type E,

Clostridium botullinum, Streptococcus lactls, Streptococcus

faecalls, Lactobaclllus viridescens, Clostridium sporogenes,

Pseudomonas fragl, Pseudomonas fluorescens, or three mixed

strains of Achromobacter, (These Achromobacter cultures

were obtained from Dr. J. S. Lee, Oregon State University,

who isolated them from spoiled, irradiated dover sole.)
Cultures of this type were also prepared in which one of each
of the othef organisms was inoculated (approximately the same
cell concentration of each) together with the Detroit strain -

of type E, Cl. botullnum.
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These cultures were incubated aerobically at 45°F and
tests were made for toxin together with aerobic and clostridial
counts after O, 1, 5, 10, 20 and 30 days. "Aerobic counts for

P. fragl and g.'fluorescens or Achromobacter were made by

surface plating on Eugon agar with 0.5% yeast extract incubated
5 days at 68°F, and for S. lactis, S. raecalls and L. viri-
descens by surface plating on APT agar incubated at 68°F for .

5 days. Clostridial counts were made by the spin tube method
_on TPG agar containing 0.2% of sodium thioglycollate, 0.05% of
ferrlc citrate and 0.07% of sodium sulfite. The cultures were
made anaeroblc with pyrogallic acid and sodium carbonate
vsolution and were incubated at 30°C. Counts for black colonies
were made after 24, 48 and 72 hours. For anaerobic counts in

samples in which Achromobacter and type E, Cl. botulinum were

1nocu1atéd'together, the same medium was used in Miller-Prickett
tubes. The medium was stfatified with 2% agar coﬁtaining
thioglyéollate.

Anaeroblc cultures for each Individual organism and
for type E, Cl. botulinum together with each of the other
organisms in ground, pre-sterilized haddock, were prepared
as follows: portions of 10 grams of ground fish in a sterile
glass tube, were inoculated with one organism alone or with
type E, g;. botulinum together wlth one of the other bacteria
and then mixed. A sterile plastic "dispo" plug was then shoved
into the tube, solid pyrogallic agid and 20% sodium carbonate
added and the tube plugged with a rubber stopper. It was
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unnecessary to invert the tube. Tubes were 1ncu5ated at
45°F. Tests for toxin and aerobic and anaerobic bacterial
counts were made afterto, 1, 5, 10, 20 and 30 days of incu-
bation, |

In testing for toxin the liquid from‘the ground {ish
culture was diluted 1:10 in gcl-phosphate buffer, trypsinized
and injJected intraperitoneally into 3 uhprotected and one
protected mouse. The 1:10 dilution of ﬁhe culture liquid

was also injected into 2 unprotected mice without trypsin-

ication.
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RESULTS AND DISCUSSION

‘The results of toxicity tests and of aerobic and clostridia
bacterial counts on haddock, uninoculated and irradiated or’
inoculated with type E, Cl. botulinum and irradiated, both
of which were stored at 33, 35, 40 or 45°F, are listed in
Tables 1, 2 and 3. It is evident from the results that no
uninoculated sample became toxic duriﬁg holding periods
equivalent to three times the storage life of the irradiated
(150, 250 or 350 kilo rad) produqt at ahy of the above temb—.
eratures, |

In product inoculated with mixed strains of type E, Cl.
botulinum (levels of i b 4 102, l1x 104 or 1 x 106 spores per
gram) none of the irradiated products became toxic in three
times the irradiated storage life at 33, 35 or 4O°F.

In products inoculated with spores of type E, Cl. botullnum,
1rradiated and held at 45°P, fillets inoculated with 1 x10°
spores per gram did not become toxle in three times the irrad-
lated storage life. Product inoculated with 1 x 104 or
lx 106'spores per gram and 1rfadiated became toxlc in elther
three times the irradiated storage life (1 x 104 spores per
gram) or in the normal irradiated storage life time (1 x 106
spores per gram). However, two things should be noted:

a) that excepting in one case, whén samples became toxié
the .spore count never reached the level which the fillets

were originally inoculated to contain, and b) the highest
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level of contamination with type E, Cl. botulinum that has
been found'in commercial haddock filletsAhas been 0.17 per .
gram. The level, therefore, of 1 x 102 per gram (the lowest
level used for 1ndcﬁ1ation) is more than 100 times the con-
tamination level which may be expected in commercial haddock
fillets éhd none of the product inoculated at this level
irradiated and stored at 33, 35, 40 or M5°F has become toxic
in three times>the irradiated storage life at any of the
temperatures indicated.

The results of toxicity tgsts on haddock inoculated
with 1 x 101'L or 1-x 106 spores per gram of type E, Cl. botulinum
and held at 45°F without irradiation treatment or after
irradiating at 100 or 200 kilo rad are listed in Tahle 4,
It is evident that whille irradiated and unirradiated samples
6

inoculated at a level of 1 x 10~ spores per gram became toxic

in the same period of time, in samples 1inoculated at a level

b spores per gram the unirradiated Samples hecame

of 1 x 10
toxic in a shorter storage time than did the irradiated samples.
$ince, in the past, samples have become toxic without

outgrowth of spores to the level at which they were 6rigina11y
Inoculated, 1t may be possible that at high levels of lnocu-
lation proteolytic enzymes, in the fillets themselves or
prbduced by the gfowth of other psychrophilic bacteria, activate

residual toxin precursor in the spores and cause toxiclty.



- 27 -

The results of tests to determine the presence of
type E, Cl. botulinum in commercially produced haddock fillets
are tabulated in Tables 5 and 6. It is evident that among
3# 555-gram samples only 8 have been found to contain this
organism. It is also evident‘phat when contaminated with
type E, Cl. botulinum the concentration of this organism
~ in haddock fillets 1is very 1low.

Counts on haddock press juice held 24 hours at 35°F
after inoculation with type E, Cl. botulinum, are listed in |
Table 7. It is evident that compared to the numbers inoculated
there has been a decrease to apprbximately one thousandth
of the humbers inoculated.

The curve for thermal destruction time at various
temperatures for 10,000 LD5O units of type E, Cl. botulinum
toxin 1n fish press juice is shown in Figure 1. 1In Table 8
the temperatures attained in four different samples @uring
the deep fat frying and subsequent cooling of haddock portions
are listed. Tabulation of the temperatures reached at various
times in the portion of haddock attaining the lowest temp-
erature, the destruction times for 10,000 LDsg units of toxin
at these particular temperatures and‘the destruction rates
(1/destruction time in minutes) for these temperatures has
been made in Table 9. v

In Figure 2 the curve integrating destruction rates
with time of heating or cooling during cooking, has been

drawn, According to thls curve one unit on the ordinate 1is
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equivalgnt to the destruction of 0.2 x 10,000 LD50 nouse
units of toxin and one unit on the abscissa 1s equivalent to
1 minute. One square under the curve is therefore ecquivalent
to the destruction of 0.2 x 1 x 1O,OOO-LD5O unitg of toxin
and 1/0.2 or 5 squares under the curve are equivalent to the
destruction of lO,OOO,LD50 unité of toxin. This area;
equivalent to the destruction of 10,000 LDgy mouse unlts of
toxin, has been cross-hatched-under the curve. On a Weight
basis 5000 LDSO mouse units.of toxin is about one man lethal
dose. The total area under the curie'is about equivalent
to the destruction of 21 - 10,000 LDgp mouse units or 42 man
lethal doses. Ordinary deep fat frying of haddock would,
therefore, destroy considerable amounts of fype E, Cl.
botulinum toxin, were this material present.

It should bLe pulnted o6ut, however, that .the above
calculations have been based on the findings of Maunder
et al.1 which indicate that at pH 6.0, in buffer, it reqguires
10 times a unlt amount of heating at a particular temperature
to destroy 10 times a unit amount of toxin. In our work in
this Jlaboratory in fish press juice at pH 6.7, it has been
found that only about 5.5 times a unit amount of heating
1s required to destroy 10 times a unit amount of toxin
(Figure 3). fTiis means that during the deep fat frying of
haddock, as calculated previously, about 38 x 10,000 LD5O

mouse units of type E, Cl. botulinum toxin would be destroyed
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The amounts of toxin produced in haddock fillets inocu-
lated wlth 1000 spores per gram of type E, Cl. botulinum
irradiated at 200 kilo rad and stored for 42 days at 4SOF
are listed in Table 12. Since at 45°F 0.5 ml. was toxic
in the 1:100 dilution, 1 gram of tissue would contain
200 MLD50 units of toxin.

The amounts of toxin produced in haddock fillets inocu-
lated with 1000 spores per gram of type E, Cl. botulinum
irradiated at 200 kilo rad and stored at 75°F for 10 days
are listed in Table 13. Since at 75°F 0.5 ml. was toxic in
' the 1:1000 dilution, 1 gram of tissue would contain 2000 MLDsy,
Units.of‘toxin. | ‘

It should be noted that irradiation with 206 kilo rad
would probgbly reduce the spore concentration in the fish
to about 100 per gram at the start since the D value 1is about
140,000 and there is a shoulder on the curve which causeé
the first log cycle reduction to be greater than 140 kilo rad.

The effect of pH on the destruction time of type E,l
Cl. botulinum toxin in fish press Juice‘is indicated in
Figure 4, According to this curve, 50,000 LD5O mouse unlts
of toxin at pH 6.0 are destroyed in about 340 minutes, at
pH 7.0 in about 130 minutes and at pH 8.0 in 29 minutes,
when heating ié‘carried out at 150°F. The toxin is much
less stable to heat, therefore, at the higher pH levels.
Moreover, there appears to be a change In the slope of the
curve at about pH 7.0, the slope of the curve deqpéasing

above this pH.



- 30 -

It has Been found that, when present in numbers sufficient
to be cultured in the 1:10 dilutions, the spores of type E,

Cl. botulinum can be selected from some othér types of
ciostridia by growth under anaerobic conditions‘(spin‘tube'
method) at 45CF in Trypticase Peptone Mannose agar containing
sodium thioglycollate and a suitable dye to indicate acid.
Absolute identification would require isolation from typical
colonies, growth in liquid medium and testing for toxin by
mouse injection.

The results of tests to indicate fhe présence of‘type E,
Cl. botulinum when grown in bacteriological media are listed
in Table 12.

Bacterial counts and toxlcity tests on ground,'irradiafion-
presterilized haddock inoculated with various bacterla alone
or with typc E, Cl. botulinum togetiher with another organism
then held at 45°F for periods up to 30 days are iisted in
Table 13. The other organisms used were: S. faecalis, 3.

lactis, L. viridescens, Cl. sporogenes, Ps. fragi and Ps.

fluorescens and mixed strains of Achromobacter. Cultures were

incubated both aeroblcally and anaerobically.

Toxin was produced under aerobic copditions in cultures
containing Cl. botulinum alone but this required 35 days at
45°F and there was no outgrowth of the organism. The only
other aerobic cultures containing toxin were those in which

both Cl. botulinum, type E and elther Ps. fragi, Ps. fluorescens
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or Achromobacter (mixture of three isolaées of Achromobacter)

were inoculated into the fish tissues as a mixed culture.
Together with Ps. fragi, type E, Cl. botulinum produced toxin
in 10 days at 45°F; with Ps. fluorescens, type E, Cl. botulinum

.produced toxin in 20 days; with Achromobacter, type E, Cl.

-botulinum produced toxin in one instance in 20 days and in
another instance in 30 days: 1In all instances of toxin in

mixed culture samples (tjpe E, with Pseudomonads or Achromobacter)

there was outgrowth of the aerobilc organism and some outgrowth
. of type E, Cl. botulinum. It can be seen from Table 11 that

" when outgrowth and toxin production occurred in mixed culture
samples the aerobic count was approximately 100,000,000 per
gram. The reason why outgrowth and toxin production by

type E, Cl. botulinum eventualiy occurs in such mixed cultures,
however? appears not to depend solely on the cell concentration

of aerobes (Pseudomonas or Achromobacter) since all of these

organlsms appear to grow 1ln haddock tissues at appréximately
the same rate, | ‘ \
Pseudomonas fragl 1s the type of organism which spoils

fresh fisht

and Achromobacter is probably the type of

organism that spolls irradiation-pasteurized fish.5 Also
it is a fact that 1rrad1ation-basteurized fish cannot be held
at 45°F for two times the storage life of fresh fish at this_
temperature, without becoming spolled prilor to this time.
Considering these things 1t'wou;d appear that fresh refriger-

ated haddock 1s as much or more of a public health hazard
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from the standpoint of type E botulism as 1s irradiation-
pasteurized haddock.

There was one Iinstance of possible oufgrowth of C1.
botulinum without toxin production. This occurred when
the organism was cultured together with S. lactls, the latter
of which grew out to high concentrations.

There is the possibility that both Achromobacter specles

'.(the organisms usually causing spollage of irradiatioﬁ—

pasteurized haddock) and Pseudomonas specles (the organisms

causing spollage of fresh haddock), when grown in haddock to
large cpncentrations may set up conditions which facilitate
the growth of type E, Cl. botulinum,. 'However, cell concen-
trations far greater than that present at spoilage appcar
to be necessarylin both cases.

The concentration of type E, Cl. botulinum found in
3 - 11.5 gram samples and in 15 - 555 gram samples of commercial
shucked soft-shelled clams is listed in Table 1. It can be
seen that this organism was found in 4 samples. According
to estimations made from the number of positive tubes and
Most Probable Number tables, the higheét level of contamination
was 2 cells per 100 grams or 0.02 per gram. It should be
noted that product harvested in both Massachusetts and Maryland

(Chesapeake Bay) have been examined.
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Table 1

Toxlcity Data and Aeroblc and Anaercbic Counts for Skinless Haddock Flllets,
Non-Inoculated and Inoculated with Smres of Type E, Cl. botulinum
Irradiated at 150,000 rad and Stored at 33, 35, 40 and GEOF.

Storage Inoculum Steorage Aerobic Counts Anaeroblc Ccunts Increases in

Temper- Level Time (per gram) (Clostridia Toxicity
ature (spores (Days) per gram) Sample Sample

- (°pr) /g) - Sample 1 Sample 2 Sample 1 Sample < 1

45 0 8 3.8 x 10/ 1.1 x 107 —10t ~z1cl - -

0 16 6.9 x 105 4.9 x 105 - =10t <1 - -

0 23 1.4 % 10° 1.8 x 10 <101 -1 - -

102 8 6.7 x 102 5.0 x 102 <::1oi -1 - -

1C2 18 7.6 x 107 6.3 x 104 =107 =102 - -

102 26 6.6 x 1og 1.8 x 107 -<107 <<:13é - -

104 8 7.6 x 103 8.4 x 108 1.0 x 107 1.0 x 197 - -

104 18 1.4 x 103 1.3 x 105 3.0 x 105 7.0 x 105 - -

104 25 1.8 x 107 1.3 x 105 5.0 x 107 3.0 x 107  + +

100 8 7.5 % 109 1.5 x 105 1.0 x 10, 8.0 x 10 ~ - -

106 15 1.2 x 10° 1.3 x 10° 6.2 x 107 2.3 x 10 + +

40 o} 9 2.5 x 102 2.9 x 102 <101 <101 - -

‘ o 20 1.3 x 107 4.6 x 107 <101 <10 - -

0 30 8.1 x 107 6.7 x 107 101 <<10 - -

102 11 1.3 x 10® 1.1 x 106 101 10! - -

102 20 2.0 x 107 1.8 x 107 101 =101 - -

1qﬁ 32 3.2 x 107 8.4 x 107 <101 —101 - -

10} 11 3.2 x 100 3.9 x 103 <101 <10 - -

10, 20 6.0 x 107 1.2 x 10 <101 =10 - -

10/ 32 1.2 x 108 6.7 x 107 10} <10 - -

102 9 6.4 x 107 4.1 x 107 1.4 x103 1.0 x 103 - -

102 23 6.4 x 107 1.7 x 107 3.0 x 102 2.0 x 102 - -

10 1 4.5 x 107 6.1 x 107 =101 <<Z10- - -

-9{-



Table 1 - continued

Storage Inoculum Storage Aerobic Counts Anaerobic Counts Increases 1in

Temper- Level Time (per gram) (Clostridia Toxicity
atgre (spores (Days) ' per gram) Sample Sample

(°F) /g) Sample I  Sample 2 Sample 1 Sample 2 1

35 0 13 4.0 x 10° 5.9 x 105 <101 <10l - -

0 89 -—- --- <10t <10l - -

0 120 2.6 x 107 1.0 x 108 <101 10! - -

102 13 3.4 x 106 2.3 x 10 <101 10! - -

102 90 7.1 x 107 ——— <101 <101 - -

1o§ 120 8.0 x 102 4.1 x 108 <101 <10t - -

. 10/ 13 3.9x10% 1.7x10% 0.5 x 10! 0.5x 10} - -

10, 90 5.7 x 107 4.2 x 107 < 101 <101 - -

104 120 7.7 x 105 5.7 x 105 <z 101 <10l - -

102 22 1.1 x 10° 1.0 x 10° 2.0 x 10t 10} - -

10 90 2.8 x108 5.8 x 108 1.0 x 101 =310l - -

100 120 6.4 x 108 8.6 x 107 101 =101 - -

33 0 15 1.5 x 10/ 3.8 x 10/ =101 = 101 - -

0 80 . 7.0x 107 1.5 x 108 <101 =10l - -

0 120 9.6 x 107 1.1 x 108 —10% <101l - -

102 16 4.8 x 102 5.8 x 106 <101 —101 - -

102 90 1.2 x 108 1.9 x 108 <101 <101 - -

102 120 1.8 x 108 2.2 x 108 <101 =101 - -

104 16 1.5 x 10/ 2.8 x 108 <101 —10! - -

104 90 3.6 x 108 5.0 x 108 10} <10l - -

104 120 2.3 x 108 2.7 x 108 <10l <10l - -

100 15 4.9 x 105 6.6 x 102 <10l 1.1 x 102 - -

108 90 1.0 x 109 8.0 x 108 4.0 x 102 = =102 - -

106 120 1.4 x109 1.3x109 1.2 x 10% 1.3 x 102 - -

+ dindicates that the sample is toxic in 1:10 dilution
.= indicates that the sample 1s not toxic in 1:10 dilution

_LE-



Tavle 2?2

Toxicity Data and Aerobic and Anaerobic Counts for Skinless Haddock Fillets,
' Non-Inoculated and Inoculated with Spores of Type E, Cl. botulinum
Irradiated at 250,000 rad ard Stored at 33, 35, 40 and F5CF.

Storage Inoculum Storage Aerobilc Counts Anaerobic Counts Increases in

Temper-  Level Time {per gram) (Clostridia Toxicity
ature (spores (Days) - per gram) Sample Sample

- (°F) /g) Sample 1 Sampie 2 Sample 1 Sample 2 1 2

45 0 14 5.1 x 1og 4.3 x 107 <101 <101 - -

o 0 28 1.2 x 108 1.3 x 108 <101 ~«_101 - -

) 42 1.6 x 108 1.3 x 108 <101 <10} - -

102 14 4.0 x 102 7.0 x 106 <101 <10t - -

102 29 1.5x 108 2.8 x 108 <10l - <10l - -

1o§ 42 .6 x 108 2.2 x10% 1.4 x 10% 2.3 x 10% - -

10} 14 2.0 x 107 4.9 x 107 <101 4.0 x w0l - -

10/} 29 9.7 x 105 6.5 x 105 3.0 x 103 4.0 x 10} - -

10 4z 1.2 x 108 2.2 x 108 2.3 x 10} 8.6 x 102+ +

100 15  1.1x108 1.0x108 2.9x103 1.5x103 + +

40 0 16 8.5 x 102 6.2 x 100 <101 =101 - -

0 34 1.7 x 108 L.4 x 108 <10l =11 - -

0 52 2.6 x 107 1.6 x 108 <101 <101 - -

102 16 1.2 x 10 1.6 x 107 <101 <103 - -

102 34 2.2 x 108 8.4 x 107 <101 —1: - -

102 - B2 1.7 x 108 5.7 x 107 <10} =10t - -

104 16 1.8 x 100 6.1 x 109 <101 =101 - -

10% 34 7.6 x 10/ 1.3 x 108 <101 —10l - -

104 52 1.1 x 108 2.3 x 108 10! =10} - -

106 16 3.1 x108 Z.3x10® 1.0x 102 1.9 x 102 - -

106 35 2.5 x 10° 1.0 x 109 <10l —101 - -

106 51 8.4 x 107 8.6 x 107 <100 =10} - -

-gg-'



Table 2 - continued

Storage Inocculum Storage Aerobic Counts Anaeroblc Counts Increases in

Tewper- Level Time (per gram) (Clostridia Toxicity
ff3;§ (spgres (Days) sample 1 Sam ' per gram) - Sample Sample

_ _ Sample 2 Sampls 1 Sample 2 . 1 2

35 0 22 3.1 x 107 9.6 x 107 <101 -2 101 - -

0 90 3.1 x 108 6.0 x 108 <101 —10l - -

o, 120 L4 x 108 1.3 x'108 <101 ~-10l - -

102 21 L4 x 108 9.3 x 106 — 10! —.101 - -

102 30 3.2 x 108 2.5 x 108 «-101 _ 10 - -

102 120 1.1 x 102 8.1 x 108 —.101 ~_101 - -

10} 21 8.8 x 100 1.8 x 107 <. 101 10} .- -

10, 90 . -—- - <= 10% <101 - -

10} 120 3.4 x 108 5.0 x 108 101 <101 - -

108 22 7.6 x 100 1.0 x 107 10! 1.0 x 101 - -

108 90 5.0 X 103 7.7 x 108 —10l 1I.0x 10l - -

10 120 2.9 x 109 8.6 x 108 101 ~-101 - -

33 0 ol 6.4 x 107 1.4 x 108 <101 <-101 - -

0 90 4.1 x 108 2.5 x 108 «-10l  --10! - -

0 120 1.6 x 108 1.7 x 108 - 10L 10 - -

102 27 1.4 x 107 3.1 x 109 - 101 10} - -

102 90 3.5 x 108 3.5 x 108 =10} .10l - -

103 120 1.3 x 108 1.3 x 108 ~_ 10! ~Z101 - -

10, 27 3.2 x 105 8.5 x 107 =10} 10 - -

10/ 90 2.1 x 10g - o <101 ~..101 - -

10/ 120 2.4 x 103 2.1 x 10 <101 <2101 - -

108 ol h.c x 108 4.0 x 108 <10 1.0x 10l - -

10° 90 2.6 x 10§ 1.7 x 108 <101 <210l - -

10 120 7.7 x 108 1.0 x 109 2.3 x 102 5.0 x 108 - -

+ indicates that the sample
- indicates that the cample

is toxic in 1:10 dilution
is not toxic in 1:10 dilution

_6€_



Table 3

~

Toxlicity Data and Aerobic and Anaerobic Counts for Skinless Haddock Fillets,
Non-Inoculated and Incculated with Spores of Type E, Cl. botulinum
Irradiated at 350,000 rad arnd Stored at 33, 35, 40 and §5CF .

Storage Inoculum Storage Aerobic Counts Anaerobic Counts  Increases 1n
Temper- Level Time {per gram) (Clostridia Toxicity
ature (spores (Days) : per gram) Sample Sample
(°F) /g) Sample 1 Sample 2 Sample 1 Sample 2 1
45 0 20 4.0 x 102 5.4 x 10% <10+ —10t - -
0 36 8.0 x 10 7.3 x 108 <10} —10! - -
0 5L 3.8 x 102 8.5 x 10 <10} =10t - -
102 18 3.2 x 10/ 8.4 x 10( 10l ©° <10t - -
102 36 2.8 x 108 3.9 x 103 <10} 1.0 x 10+ - -
102 5k 2.1 x 108 3.2 x108 1.3 x 10% 1.1 x 10 - -
104 16 §.4 x 10 1.3 x 102 3.7 x 102 6.6 x 18 - -
104 36 2.2 x 103 2.2 x 108 8.5 x 12 3.7 x 100 - -
104 5k 1.9 x 108 2.1 x 108 3.9 x 102 L4 x 10 + +
106 20 =k x 107 8.5x107 B.3x10% 2.9 x 10* + +
40 0 2l 2.6 x 10/ 3.2 x 107 <10t <10t - -
0 42 1.8 x 107 2.2 x 107 <10 =10 - -
0 68 1.1 x 108 1.5 x 108 10! <10t - -
102 2l 1.9 x 108 2.0 x 10 <10l <10 - -
102 46 4.9 x 108 .G x 108 10! <10t - -
102 66 7.0 x 108 €.4 x 10 =10l <10t - -
104 ol 3.5 x 107 5.7 x 10( — 10} =10t - -
104 46 1.7 x 108 "1.6 x 108 =10l = =10 - -
104 66 1.4 x 108 3.5 x 108 =108 <10t - -
106 23 1.1 x 107 1.2 x 105 1.0 x 10t 8.0 x 10+ - -
108 4k 3.0 x 108 3.0 x 102 =10t <10f - -
100 65 7.2 x 207 1.4 x 10 < 10% =10t - -

'O*'( -



Table 3 - continued

Storage Inoculum Storage Aeroblic Counts Ana=robic Counts Increases in

Temper- Level Time (per gram) (Clostridia Toxicity
ature (spores (Days) per gram) Sample Sample

~(°F) /) Sample 1 Sample 2 Sample 1 Sample 2 1

35 0 30 2.1 x 103 3.2 x 102 —10t «=10l - -

0 91 2.3 x 105 1.9 x 10g 10t <10} - -

0, 120 8.7 x 10/ 1.1 x 10 10} —10} - -

102 31 2.2 x 105 2.6 x 105 — 101 10t - -

105 90 3.8 x 103 1.7 x 105 <::1oi <101 - -

105 120 5.7 x 102 3.1 x 10 <107 <<:1oi - -

10, 31 8.5 x 102 1.1 x 107 <10 <107 - -

10, 90 1.0 x 108 3.0 x 103 < 107 =10 - -

107 120 2.8 x 102 4.9 x 10¢ =10 <<:1oi - -

102 31 7.0 x 103 7.8 x 10 <10 <107 - -

102 90 1.0 x 108 5.2 x 10/ <10t <107 - -

10 120 6.4 x 107 8.6 x 107 <10t <10 - -

33 0 35 3.6 x 100 8.0 x 100 <101 <101 - -

| 0 91 8.6 x 107 1.4 x 108 <10l =10 - -

. O 120 4.5 x 108 4.6 x 108 <101 =101 - -

102 35 6.5 x 10( 7.7 x 10{ <= 101 <10t - -

102 90 1.2 x 108 1.6 x 108 <101 —101 - -

102 120 7.0 x 108 5.0 x 108 =1 <101 - -

104 35 1.9 x 10/ 4.6 x 107 —~10% < 10t - -

104 90 4.8 x 108 4.1 x 108 << 10} =10l - -

104 120 6.8 x 108 3.1 x 108 =z 10L 101 - -

106 35 2.8 x 107 5.9 x 107 10l 5.0 x 108 - -

106 90 4.7 x 100 9.4 x 107 «:210L <1 - -

106 120 3.5 x 108 1.1 x 108 5.8 x 102 6.6 x 102 - -

+ indicates that the sample is toxic in 1:10 dilution y
- indicates that the sample is not toxic in 1:10 dilution

-'[1-(-



Table 4

Toxlcity Data for Skinless Haddcck Fillets Inoculated with Spores of Type E -
Cl. botulinum (mixture of four strains), Non-Irradiated
and Irradiated, and Stored at U45CF

Toxlclty
Inoculum Storage Non-Irrediated Irradiated Irradlated
Level Tine (100,000 rad) (200,000 rad)
(spores/gm) (days) Sample Number Sample Number Sample Number
1 2 1l 2 3 1 2 3
lO6 8 + - + + + + not not not
6 : ' done done done
104 10 ++ lost ++ + - ++ + + +
10 ] - - - - - - not not not
M . done done done
10 10 not not not not nct not - - -
M . done done done done done done .
104 14 - - - - - - - - -
104 16 - + 4+ + - - - - - -
04* 16 + + + - - - - - -
104 19 - + - - - -
10,#* 19 - + - +%% o Bk
104 21 ) + + - + - +
10% 21 + o+ - - -+
+ indicates toxlic in 1:10 dilution
++ indicates toxic in 1:100 éilution
* for $oxin. All

% *

indicates samples not trypsinlzed’'prior to testing

other samples

were trypsinized

only one of the three mice injected died

_81'-(—



Table 5

Toxlcity of 50 Portions of Haddock Fillets Cultured in TPG Broth Containing Thioglycollate

Number of Mice Dying

Treatment ‘ Unprotected ' Protected Presence of:
of Sample Material Material Not Material Materlial Not Type E, Cl.
Sample Number Trypsinlzed Trypsinized Trypsinized Trypsinized botulinum
Not Heat .
Shocked 1l 0 in 3 0.in 2 0 in 3 0 1In 2 Not present
" .2 3in 3 lin2 -0 4in 3 O in 2 Present
" 3 3in 3 2 in 2 0 in 3 O in 2 Present
" : 4 0 in 3 O in 2 0 in 3 O in 2 . Not present
" Heat Shocked 5 O in 3 0 in 2 0 in 3 0 in 2 Not present
" 6 31in 3 0 in 2 0 in 3 0 in 2- Present
" T 0 in 3 O in 2 0 in 3 0 in 2. Not present
" 8 0in 3 0 in 2 0 in 3 0 in 2 Not present
Not Heat : o : ‘
Shocked 9 0 in 3 - —- 0 in 3 - Not present
" 10 0 in 3 - 0 in 3 - Not present
o 11 0 in 3 - 0 in 3 - Not present
Heat Shocked 12 0 in 3 - 0 in 3 - ‘Not present
" 13 0 in 3 - 0 in. 3 - Not present
" 14 ~0in 3 - 0

in 3 - Not present

-gf{-
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Table 6

Presence of Type E, Cl. botulinum
in Commercial Haddock Fillets
(tests completed to date)

_ Numbeér ol culture Tubes
Source ' (among 5) Containing Toxin

of Sample 100g tish 10g fish 1lg fish  MPN Type E
Sample Number per tube per tube per tube per gram

Plant A 0.17
0.03
none
none
0.004
0 * 008
none
none
0.002
none
none
none
none
none
none
none
none
none

0.005
0.005
0.002
none

WO~ =W

Plant B

~

Plant C none
none
none

none

none
none
none
none

Plant D

none
none
none
none

Plant E

&
QOO0 O’OOO ©O0O0O C‘>OI_\)I\) OO0OO0OQ0OCOO0OOOHOCLFHFOOUIWM
(oNoNoNe O‘OO:O COOO éOOO OCOCCOCOO0OO0OO0OCOCHOOH
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Table 7

The Effect of Haddock‘Press Juice on the
Viabillity of Type E, Cl. botulinum Spores

Count Which
the Fish Press

Botulinum Type Juice Should -

Have Contalned

Count (per ml)
Indicated by
Culturing in

TPG Agar, After

Holdlng in Filsh

Press Juice for

(per ml) 2/l Hre. at 35°F
Minneapolis 5 x 108 5 x 104
8 x 103

8E 5 x 10°
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Table 8

Temperatures of Deep Fat Fried lladdock Fillets During
and After Cooking at 375°F

Time 1/2" Thick 5/8" Thick 3/4" Thick 1" Thick
(Minutes) - Sample 1 Samplc 2% Sample 3 Sample L#**
0.00 51.7°F 53.0°F 4o ,0°F 48.8°F
0.25 51.7 56.0 Yo, b4 50.5
0.50 - 53.5 60.0 43,0 52.2
0.75 61.0 70.0 3.7 -~ 53.0
1.00 69.0 80.0 hr7.0 55.7
1.25 80.0 88.0 50.0 57.5
1.50 90.0 95.0 bl 0 60.5
1.75 100.0 102.0 60.0 65.1
2.00 110.0 108.0 64.0 68.7
2.25 120.0 114.0 70.0 73.1
2.50 128.3 120.0 75.0 78.1
2.75 137.0 125.0 80.2 83.2
3.00 142.5 130.3 85.2 88.1
3.25 - 151.0 137.0 92.0 94,2
3.40 158.0 (end 140.2 98.0 98.3

of cooking)
3.75 166.0 145.0 105.0 - 103.2
4,00 171.0 149.2 109.3 108.3
4,25 175.8 153.7 115.0 112.3
4.50 178.3 158.0 (end 121.9 117.0
of cooking) A
4.75 180.5 163.6 127.0 121.7
5.00 181.7 166.5 . 135.2 (end 126.9
: of cooking)
5.25 : 182.4 168.7 147.0 130.8
5.50 182.5 " 170.0 158.2 135.0
5.75 182.7 (max) 171.0 164 .2 1/10.0
6.00 182.6 171.3 168,5 143.5
6.25 182.5 172.0 170.0 ‘ 147.2
6.50 182.5 172.2 172.2 151.0 (end
, : of cooking)
6.75 182.4 172.2 . 174.0 154.4
7.00 182.3 172.4 (max) 175.0 157.1
7.25 182.2 172.4 176.0 160.1
7.50 182.1 172.4 177.0 162.5
7.75 181.6 172.4 177.3 165.7
8.00 181.0 172.3 177.8 168.0
8.25 180.2 172.3 178.0 (max) 168.6
8.50 179.9 172.3 178.0 171.2
8.75 179.2 172.3 178.0 172.7
9.00 178 .4 172.2 178.0 173.7
9.25 178.2 172.2 178.0 174.9
9.50 177.9 172.1 178.0 175.3
9.75 177.3 171.9 178.0 175.9
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Table 8 - continued ‘

Time 1/2" Thick 5/8" Thick 3/4" Thick 1" Thick
(Minutes) Sample 1 _Sample 2% Sample 3 . Sample 4*#
10.00 176.4 171.6 - 178.0 176.1
10.25 176.2 . 171.0 177.8 176.1
10.50 175.8 170.3 177.3 176.2
10.75 175.2 . 170.0 176.3 176.2
11.00 - 174.3 169.3 175.7 176.2
11.25 174.1 168.4 174.3 176.3 (max)
11.50 173.7 168.1 174.3 176.3
11.75 173.3 167.7 173.8 176.3
12.00 172.5 167.0 173.0 176.2
12.25 172.0 166.2 172.0 176.1
12.50 171.2 165.8 171.3 175.9
12.75 170.7 165.3 170.3 175.6
13.00 170.2 164 .4 170.0 174.6
13.25 169.7 : 164.0 169.2 174.0
13.50 169.7 163.3 : 168.2 1734
13.75 169.0 162.8 167.7 172.9
14.00 168.2 ' 162.0 166.9 172.2
‘14,25 168.1 161.6 166.0 171.3
14.50 167.5 160.6 153.3 170.4
14.75 167.1 160.2 .164.4 169.8
15.00 166.1 159.7 164.0 169.5
15.25 166.0 159.0 163.0 168.6
15.50 165.8 ° 158.3 162.1. 168.0
15.75 165.0 158.0 161.8 167.1
16.00 164.3 157.3 ~ 161.0 166.2
16.25 163.9 156.4 160.1 165.7
16.50 163.3 155.9 159.7 165.0
16.75 162.7 155.0 158.8 164.1
17.00 162.0 154.3 158.0 163.3
17.25 161.2 154.0 157.5 162.6
17.50 160.4 153.3 , 156.8 162.0
17.75 © . 160.0 152.6 156.0 161.3
18.00 159.1 152,0 155.7 . 160.3
18.25 158.2 151.6 155.0 159.8
18.50 157.8 150.5 154.0 159.0
18.75 157.0 150.0 153.4 158.3
19.00 156.3 = 149.8 152.6 157.8
19.25 155.8 152.0 -157.0
19.50 155,0 151.5 156.2
19.75 ‘ 154.3 150.5 155.6
20.00 153.9 150.0 154.8
20.25 153,2 149.5 154.2
20.50 152.3 ‘ 149.0 153.2
20.75 151.9 152.5
21.00. 151.3 A 152.1
21.25 150.7 , 151.3
21.50 150.2 ‘ - 150.5
21.75 150.0 . ; 150.0
22.00 . 149.6

#. 205 pgrams
** 250 grams
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Table 9

Calculation of ‘Toxin Destruction Rates

Tenperature (©F)

at Point of Destruction Destruction
Time Sl?gggtngigigg (Froﬁigig. 2) (SeeRggz. 1)
(Minutes) _Column 2) (Minutes)

3.25 137.0 84.0 1/84  or 0.012
4.0 149.2 12.2 1/12.2 or 0.082
5.0 166.5 0.8 1/0.8 or 1.25
6.0 171.3 0.36 1/0.36 or 2.78
7.0 172.4 0.32 1/0.32 or 3.11
8.0 172.3 0.33 1/0.33 or 3.0
9.0 172.2 0.33 1/0.33 or 3.0
10.0 171.6 0.36 1/0.36 or 2.78
11.0 169.3 1 0.53 1/0.53 or 1.88
12.0 167.0 0.7h 1/0.74 or 1.38
13.0 1644 1.15 1/1.15 or 0.87
14.0 162.0 1.75 1/1.75 or 0.57
15.0 159.7 2. 1/2.4 or 0.42
16.0 157.3 3.5 1/3.5 or 0.28
17.0 154.3 5.6 1/5.6 or 0.18
18.0 152.0 8.0 1/8.0 or 0.12
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Table 10

. Fillets Inoculated With Three Strains
(Detroit, Minneapolis and 8E) Cl. botulinum, oType E
Irradiated 200 Kilo Rad aﬁﬁ_storea at 45°F

" Bacteria per Gram

"~ Storage
Time .
(weeks) Clostridial Aerobic Toxicity Remarks
3 102 187 x 102 -
4 101 81 x 107 - Slightly putrid
odor
5 15 x 10% 58 x 107 Trace of NHg
6 2x10° 32x107 1 O/3% . Wz odor
N 3/3*% :
-
-

* % =23

trypsinized extract
nontrypsinized extract
1:10 dilution-

1:100 dilutilon
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Table 11
Haddock Fillets Inoculated with Cl. botulinum, Type E

(mixture of ‘strains of Detroit, Minneapolls, 8E)
Irradiated for 200 Kilo Rad and Stored at 75°F

Storage Bacteria per Gram Toxicity
Time Dilutéon Levgl _l
(days)  Clostridial  Aerobic . 10-1 10- 10
0 10t 101 - - - _
3 13 x 108 30 x 107 T - - - -
N +
4 27xlb6 69 x 107 - T + T + - -
: N - N -
5 7 x 107 46 x 107 T + T 4 T - -
N + N + N +
6 5 x 107 40 x 107 T + T + - -
N+ N+ '
T - 4 x107T s50x107 T+ TPa- - -
- N + N + N +
10 2x107 s8x10f T+ TS T - -
‘ N + N + N +

Remarks: The 3 day sample had a slight NH3 odor; as the

o storage time increased, the odor became more
intengifled. The samples wére very gaseous at
3 days. :



Growth at 45°F and Production of Acid by Four Strains of Type E,
Cl. botullinum on Trypticase-Peptone-Mannose Medium Containing

51 -

Table 12

Thioglycollate and Acld Indicator Dyes

Methyl red

‘Strains of Dye Used Growth Time at Which Acid
Type E, Cl. as Indicator Time - Productlon Was
botulinum of Acid (days) Indicated
Beluga None 12 --
- Brom thymol
blue 12 26
Brom cresol
- purple 12 No acid indicated
Methyl red 12 ' No acid indicated
Detroit None 11 --
Brom thymol
~ blue 11 22
Brom cresol
purple ' 11 : 26 )
Met hyl red 11 No acid indicated
8E None 12 -
Brom thymol
blue 12 26
Brom cresol
purple 12 No acid indicated
Methyl red 12 No acid indicated
Minneapolis None 11 -
‘ Brom thymol
blue 11 26
Brom cresol
purple ) 11 No acid indicated
11 No acid indicated




Table 13

Results of Bacterlal Counts and Toxlcity Tests on Ground
Irradiation-Sterilized Haddock After Inoculation With
Type E, Cl. botulinum or with Type E, Cl. botullnum plus
Anotheér Bacterium and Incubating at 45CF
Aerobically or Anaerobically.

Bacterliz per Gram
(average of 2 counts)

- Anaeroble Toxicity
Organisms Haddock Days Aerobic Count of
Inoculated Incudated Stored Count (Clostridiz) Culture

. Cl. botulinum aerovic 0 not done 44 x 10° -
alone 1 " << 101 -
5 n <101 -
10 oo <::1oi -
20 " =7 10 -
| 30 " < 10! -
Cl. botulinum anaerobic o not done 44 x 10° " -
alone : 1 " <=:lO§ -
5 1t < 102 -
10 " 1x 102 -
20 " 5 x 10 -
30 " 3 x 102 +
Cl. botulinum  aerobic 1 not dong 3 x 103 -
alone : : 5 » 95 x 10§ 2 x 103 -
10 1000 x 10_ - <~:,:101 -
20 184 x 102 1 x 107 -

30 53 x 10% 17 x 10

35 275 x 10 50

x 10t -gtrypsinized)
non- -
trypsinized) .

_ag-



\ Table 13 - continuedA

Bacteria per Gram
(average of 2 counts)

: -~ Anaerobic Toxicilty
Organisms Haddock Days Aerobic Count of
Inoculated Incubated Stored . Count (Clostridia) Culture

Cl. botulinum anaerobilc 1 not_dong | 8 x 103 -
alone : : 5 . 12'x 10 lx 103 -
10 q=:1oé == 103 -
20 53 x lO1 2 X 101 -
30 39 x 101 <::101 -
35 10 10 x 10 -
Cl. botulinum aerobic 5 A 3 x 1o§ -
alone - "10 << 107 1 x 107 -
20 <10 1lx 10l -
32 not done 1 x 10 -

Cl. botulinum _anaerobic 5 <:f10l 8 x 102 -
alone ‘ 10 o 1 x 107 -
: 20 <10 =10 -
32 not done 18 x 10! -
Cl. botulinum  aerobic 0 58 x 102 61 x 102 -
and S. lactis 1 13 x 102 <107 -
20 .E;;iog 4o x 102 -
30. ~—~10' 64 x 103 -

* about 1000 x 10T iontaminated, yellow colonies, rod shaped.
#%* about 10,000 x 10" contaminated, yellow colonies, rod shaped.

-gg-



Table 13 - continued

Bacteria per Gram

(average of 2 counts)

Anaeroblc Toxicity
Organisms Haddock Days Aerobic Count of
Inoculated Incubated Stored Count (Clostridia) Culture

Cl. botulinum  anaerobic 0 60 x 102 60 x 102 -
and S. lactis 1 13 x lO6 <:lO1 -
5 50 X 109 . =103 -

=l -

20 >igg 4o x Jl.gi -

30 =10 45 x 10 -

Cl. botulinum  aerobic 0 82 x 103 70 x 10} -
and S. faecalls 1 13 x 102 <10l -
5 43 x 103 <101 -

10- =103 <103 -

20 =10g <10 -

30 =10 <10t -

Cl. botulinum anaerobic 0 82 x 103 70 x 10t -
and S. faecalis - 1 14 x 102 19 x 102 -
o YRRLEE BLEL: S

: - -

20 =108 54 x 10! -

| 30 =108 84 x 10} -

Cl. botulinum aerobic 0 39 x 103 40 1d3 -
and L. viridescens 1 54 x 183 i % 18111 -
) =1 << 1( -

1 —108 31 x 10t -

20 =108 50 x 10! -

30 =108 <10t -



Table 13 - continued

Bacterlia per Gram

(average of 2 counts) . ::

- = : Anaerobic T
Organisms Haddock Days Aerobic Count’, of
Inoculated Incubated Stored - ,count . (Clostridia) Culture
" ci. ‘botulinum -~ anaerobic .0 40%x 163 41 x 103 -
~and L. viridescens 1 54 x 102 48 x 10% -
5 32_x 103 <101 -
10 =10g 28 x 101 -
20 =10g 21 x 101 -
30 =10 39 x 101 -
Cl. botulinum  anaerobic 0 “hot done 14 x 102 .
and .Cl. sporogenes 1 " 1 x 10l -
. g 5 u < 101 -
10 . <101 -
20 " <101 -
- 30 L <10t -
Cl. botulinum  aerobic ‘o 16 x 10% 20 x 10} -
- and P. fragl - 1 25 x 10 <10 -
= . 5 77 x 100 18 x 10t -
10 10 x 107 10 x 102 +
20 20 x 107 15 x 103 +
30 22 x 107 . 35 x 10 +
Cl. botulinum  anaerobic 0] not;dane 9i X 1o§ =
and P. fragl - 1 x 10 -
- 5 " 3 x 10t -
10 " 15 x 102 -
2 " 32 x 102 -
30 " 11 x 10} -

Toxicity

- G -



Table 13 - continued

Bacteria per Gram
(average of 2 counts,

. Anaerobic Toxicity
Organisms Haddock Days . Aeroblc Count of
Inoculated Incudated Storec Count (Clostridiz) Culture
Cl. botulinum aeroblic P 16 x 102 14 x .ce -
and P. fluorescens i 43 x 10% ' ";C}
5 59 x 10 = O -
10 16 x 107 = :cl -
20 17 x 107 14 x 03 +
30 16 x 107 26 x iC +
Cl. botulinum  anas:robic o not done  94.x i0?
-and P. fluorescens 1 " 15 x ;o -
10 n < 10] -
20 M 43 x 10
30 " 95 x 10!t -
Cl. botulinum  aerobilc 1 20 x 103 11 x 102 -
and Achromobacter 5 90 x 102 2 x 103 -
10 12 x 107 =+ 10 -
20 52 x 10/  50-x 103 -
30 50 x 107 145 x 102 —§trypsinized)
‘ +(non-
trypsinized)
Cl. botulinum anaerobic 1 17 x 102 i2 x 10§ -
and Achromobacter 5 22 x 10 8 x 0% -
10 <<10% =103
20 958 x 10} 210,
3C 6 x 101 14 x 10} -
35 <10+ 200 x 10" -(trypsinized)
. ‘ . +(non-

trypsinized)

-9Q-



Table 13 - contlnued

Bacterla per Gram
(average of 2 counts)

, : ' , Anaercbic Toxiclity
Organlsms Haddock Days Aerobic Count of
“Inoculated Incubated Stored - Count (Clostridia) Culture
Cl. botulinum  aerobic o) 4 x 103 4 x 103
and Achromotacter - 5 about:\4 10 x 10t
1064 x 10
100 90 x 10 5 x 1oﬁ -
20 56 x 1C 10 x 106 +%
32 not done 14 x 10 -gtrypsinized)
+(non- . '
trypsinized)
Cl. botulinum  anaerobic 5 100 x 102 48 x 10} -
and Achromobacter - 10 12 x 102 13 x 10t -
20 <105 500 x 1oﬁ - ,
32 not done 84 x 107 ~(trypsinized)
+(non-

trypsinized)

* oné of three hon—protected mice died in both trypsinized and non-trypsinized.

- indicates that the sample was not toxic to mice in the 1:10 dilution
+ indicates that the sample was toxic to mice in the 1:10 dilutlon

- )¢ -
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Table 14

Toxicity of Commercial Shucked
Soft-Shelled Clam Cultures

Toxlicity in 5 tubes - Most Probable Number
. (no. of tubes - - of Type E
Plant Sample - positive) " Cl. hotulinum Oclls
No. No. 100 g 1W0g 1 g. {cells per 100 g.).

.. none present

7 none present

.. none present

" none present
2.0

2.0

none present
none present
none present
none present
none present
none present

*
*

none present

none prceent
2.0

none present
2.0 .

none present

OOOFHOO O0O0OO0OCO OFHOOOO
OHOOOO O00000 00000 In

O\ FWd - O FEWH oW &
OO0O0OOOKH 000000 0OO0000D

* The first 3 samples were culturcd as [lve tubes each of
10 g, 1 g, and 0.1 g while other samples in the table
were cultured as 5 tubes each of 100 g, 10 g, and 1 g.

. %% This oample contained. type B, Cl. botulinum but did
not contain type E, Cl. botulinum,
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