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SUMMARIES OF PHASES XVII AND XVIII

Phase XVII

13

1. Tﬁe results of a secdnd inoculated pack study on fresh cod are
presentéd. With incubation at 46°F and.an inoculum level of
106 qures/é, unirradiated control samples showed Type E toxin
‘development as early as 3/4 X (6 days). Comparable samples given
100 Krads radiation beéame toxic at 1/2 X &7 days) and samples
receiving 200 Krads radiation were toxic a£ X (15 days), but ﬁot
at earlier times. With a 104 inoculum level, toxin development
in control samples was delayed until 1 I/Z X (12 days). In
contrast, similar irradiated samples showed detectabie toxin much
earlier. Samples given 100 Kradslradi§tion showed toxin in one
out of three replicates at 3/4 X (10 days), while samples given

200 Krads showed toxin at X (15 days). None of the samples given

200 Krads radiation showed toxin development before X.

2. With incubation at 50°F, control-sahples inoculated with 104
spores showed Type E toxin at 3/4 X (6 days) in one out of threeg
replicates. With 100 and 200 Krads radiation, toxin was detected
at 1/2 X (7 days) and at 3/4 X (1f!days), respectivgﬁy. With a
102 inoculum level, control samples showed no toxin ét X (8 days)
but toxin wés prééfnt in one out of three replicates atil 1/4 X
(10 days). In contrast, samples éiven 100 and 200 Krads radiation

became toxic at 1/2 X (7 days) and 3/4 X (11 days).
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Phase. XVIIT

1.  Marine isolates of Cl. botulinum1Type~C designated as 6812, 6813,

and 6814 showed:excellentigrowth‘andigood‘sporuTation’in‘Egg'Meat
Medium supplementéd with (NH4)2 SO4, yeast extract, and glucose;
Preheat treatments in.thearange,140‘totl709F*for‘ls minutes: had’
no: effect:on'theﬁviable‘spore;count?fbr each strain. Preheating'

at 180°F produced a: two-threefold reduction in count:,

2. A compar;son*ofithe cultural characxerigtics of two.non-marine
Type C strains to those of three marinegisolates showed: some
diffe;ences in their sugar fermentation ability. All of the
strains fermented glucose. The non-marine: strains fermented
frucxose:and ribose weakly. None of‘the;other'sugars tested.
was-fermentgd by the non-marine strains.. In contrast., the: marine
st;ains actively fermented galactose: and ribose; dextrin, inositol,

maltose;, melibiose, and,starch'were:weakTy fermented.,

3. Some lots of sodium'thioglycollate'at,aiconcentratidn of 0.1% and
lower were inhibitory for the growth of Type C. L-cysteine: hydro=
chloride at a concentration of 0.1% failéd;tO’show inhibition and

was: adopted as. the reducing system for the: Type C work.

4. AS'reflegted by increased colony countsgnthe.inccrporatipn of
NaHEO 5 had’ a: beneficial effect“in;thg"recovery.of'TypeeCTspbres

with:BeeffInfusion*agar; In some: cases, the beneficial. effect

of'NaHC03.was'offSetpby longei:incubation;
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The presence of Na,HPO, at a concentration of 0.5% in Beef
Infusion Agar for recovery of spores of Type C sometimes caused
reduced colony counts. There was no advantage in the addition of

phosphate to the recovery medium for making colony counts.

A comparison was made of the amount of Type C toxin prodﬁced by

the marine and the non-marine strains in Jensen's Mediuﬁ (Modified),
Cardella's Medium, Beef Infusion Broth (no phosphate), and Egg

Meat Medium. Egg Meat Medium containing (NH4)ZSO4, yeast extract,
and glucose was the best medium for toxin production. The marine
Type C strains produced appreciably higher toxin titers than the
non-marine strains in all of the media tested.

There was no evidence of Type C toxin activation with trypsin like

that occurring with Type E toxin.

The possible low température growth ability of the marine and the
non-marine strains was detgrmined. ‘Ground haddock.and Egg Meat
Medium were used with incubation at 60, 55, 50; and 46°F. The
marine strains showed éiowth\at 60°F in both substrates, but no
growth at lower temperatures. On the othershand, the non-marine

strains showed growth at 60 and 55°F, but not below.

The marine and the non-marine Type C strains were Vvery sensitive

to low levels of sodiﬁm chloride. The non-marine strain 6810 and
the marine strain 6814 showed growth with 2.5% salt, but not with
3.0%. ‘The non-marine strain 68i1 and the marine strains 6812 and

6813 were even more sensitive to salt with growth being inhibited

by 2.5%.
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The: pH séﬁéitivity'of thgfmarine:and5tﬁeﬁnonemarine»Type;Cfsmrains
was studiedﬁih Eeef Infugion_brothvwith5incubation:at~85’F; The
marine strains wenefmuqﬁ'Iesspo’sensitive:than‘thevnon&marine
strains. At an inoculum level ofSZ'XJPOG spores per- tube:, the marine
strain 6813 showed growth at pH 5.00: in three out of five repllcate
tubes but no growth was observed at pH 4.91 during 6 months: of'
incubation. The: non-marine strains: showed growth: at pH 5.62, but

not. at. pH 5.45.

The heat resistance of spores: of the marine and the non-marine
strains was determined. in 0.067 M phosphate buffer at. pH 7.0 by
the: partial spoilage technique. The: recovery medium was. Beef
Infhsion broth containing glucose, sodium bicarbonate, and L-
cf&teine hydrochloride. The spores of the non-marine strain 6810
showed the highest heat resistance, giving;athzo‘equal to: 0.82
minutes. The: slope of the thermal resistance curve: for spores of

6810 was z equal 11.5°F. Spores of 6811 stowed a D equal to

220

0-.40: minutes and a :z equal-to 10.0°F. Spores of the marine strains

6812, 6813, and 6814 gave’Dzza

minutes respectively.' The z-values ranged from 9.0 to 10.S5°F.

values of 0.094, 0.028, and 0.020




INTRODUCTION

Public health safety is unquestionably paramount to all other considera-
tions for the proposed appliéation of low doses of ionizing radiation
to extend the refrigerated storage life of certain seafoods. In this

regérd, Clostridium botulinum Type E has particular importance. Spores

of Type E are known to be widely distributed in nature in a marine
environment. In addition, Type E spores are quite resistant to ionizing
radiation; therefore, doses of the order of 100 to 200 Krads, which
currently are being considéred for some marine products, would have no
major destructive effgct on Type E spores. These aspects, coupled
with the fact that Type E can grow and produce toxin within the refrigera-
tion temperature zone, accounts for our concern over this organish with
low dose irradiated seafoods.

{
Inoculated packs were undertaken in our laboratory to assess the health
hazard risk of Type E relevant to a marked extension of the refrigerated
storage life of certain kinds of low dose irradiated fish. The procedures
used in these inoculated»pa;ks followed those recommended by the Ad

Hoc Committee on Botulism to the United States Atomic Energy Commission.

This report finalizes the data for the inoculated pack on cod.

Besides Type E, there has been concern about the possibie significance

of Cl. botulinum Type C for low dose irradiated seafoods. This report

also describes the growth characteristics of three Type C strains that

were isolated in our laboratory from marine sediment samples.
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Phase XVII

Toxin Development in Fresh Marine Product'(Cod)

An experiment qp_cod was summarized in our annual report dated April 15,
1968. A second inoculated pack experiment on céd was run. The

rationale for the inocula;ed pack to‘determine the margin of puﬁlic
health safety of radurized marine food products has been previously
discussed. Briefly, the concept for such packé is an attempt to show

that the low dose irradiated seaféod poses no greater health hézard:

than does similar unirradiated product. Estimates of maxiﬁal product
storage life ("X'" values) for cod were determined by an untrained consumer-
'ﬁype panel at the Bureau of Commercial Fisheries Laboratory at Glouéester.
Each "X" yalue represents the time for unanimous rejection éf a sample by
this panel. As has been previously stated, the occurrence and unques-
tionable recognition of spoilage by fhe consumer_appreciébly ahead of

the earliest time of possible Type E toxin production would provide an
adequate mgrgin of public health safety. Because of the doubtful safety
of cod given 100 and 200 Krads radiation with incﬁbation at 50 and 46°F,

the experiment was repeated.

The -protocol followed in the.seéond cod experimént was the same és in the
preceding pack with the exception of a minor change in thé toxin assay
procedure. In the first experiment, samples were blended witﬁ an equal
quantity of sterile distilled water and then further diluted 1:2 with
sterile 0.5 M sodium acetate buffer (pH 5.0) for trypsin digestion. In
this experiment, the samples were blended directly with the acetate
buffer, thereby reducin~ the dilution factor twofold.. The acetate blended

'samples were in the range of pH 5.5 - 5.8. Because this is somewhat

‘higher than previously obtained (pH 5.2 - 5.5), the trypsin digestion




time at 98°F was reduced from 3 hours to 2 hours. All samples reported
as being nontoxic failed to show toxin either with or without trypsin

digestion by the acetate method.

In prior inoculated packs on haddock and cod, samples given 200 Krads
radiation never showed nonspecific mouse deaths in assays for Type E
toxin. This was not the case in the second cod experiment. Samples
given 200 Krads radiation prodqced nonspecific deaths like those
previously encountered with unirradiated and 100 Krads irradiated product
(Segner and Schmidt, 1966). To avoid these nonspecific reactions, the

antibiotics chloramphenicol and oxytetracycline were routinely injected.

Tables 17-1 through 17-4 preSent the inoculated pack results on cod.
The discrepancies between our acceptance-rejection determinationé.and
the BCF 1aboratory estimates of maximal storage life are undoubtedly
related to the difference in our rejection criterion. While the BCF
"X" values were based mainly on odor, the product appearance was also
considered. In our laboratory, acceptance or rejection of a sample
was based solely on odor and appearance was ignored. ‘In some cases,
our samples showed slime and mold growth without showing strong

disagreeable odors.

From the toxicity data, there appears to be little advantage in toxin
assaying without trypsin disgestion. Considerably more samples showed

toxin with digestion than without. In addition, only one of the nontoxic
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trypsinized samples showed toxin when reassayed without trypsin digestion.

Similar results were obtained in prior inoculated packs.

Table 17-5 summarizes the toxicity data in terms of'the earliest time
for toxin production. In examining the 50°F results for a 10 inoculum _
level, the irradiated product appears to present no gréater health
hazard risk than the unirradiated product. However, for the 102 inoculum
level, the irradiated samples were clearly toxic well ahead of thé
controls oﬁ the basis of equivalent X-values. With incuba;ion at 46°F,
the results are somewhat analogous to those\obtained with incubation

at 50°F. At the lower temperature with a 106linocu1um, both control and
irradiated samples showed toxin at or before the maximal storage life
estimates. However, with a 10 inoculum level, the control samples
showed no toxin through 1 1/4 X (10 days), although toxin.was present

at 1 1/2 X (12 days). With a corresponding ino;qlum, the 100 and 200
Krads irradiated samples showed detectable toxin at 3/4 X (10 days) and

at X (15 days), respectively.
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Phase XVIII

Outgrowth Properties of Clostridium botulinum Type C in Marine Products

Three strains of Cl. botulinum Type C were isolated in our laboratory from

marine bottom-sediment samples, as previpusly discussed (annual report

dated April 15, 1968). Tﬁe new isolates are designated 6812, 6813, and
6814. The objective of this work was to determine the possible low
temperatdre growth ability‘of the marine strains and two non-marine strains,
designated 6810\and 6811. The noﬁ—marine strains were originally isolated

by Prevot from animals dead from Type C poisoning.

Little information is available concerning the low temperature growth
ability of Type C. Michener and Elliott (1964) reviewed the minimal
growth temperature for various orgaﬁisms, but failed to‘fiﬁd evidence in
the literature of Type C growth below 50°F. Tanner et al. (1940) reported
growth and toxin production from a spore inoculum at S50°F, but not at
41°F, in peas and asparagus. It is believed that all strains tested for
low temperature growth ability have been from non-marine sources,

although definite proof is unavailable.

There are valid reasons to suspect that marine Type C strains might
possess the ability to grow in the refrigeration temperature zone
(32-50°F). Surveys for Type E conducted along the Atlantic and Gulf of
Mexico coasts by Dr. B. Q. Ward and along the Pacific coast by Dr.

M. W. Eklund have shown that Type C is present in a mariﬁe habitat with
Type E and the nonproteolytic Types B and F. It is known that Type E
and the nonproteolytic Types B and F possess low temperature growth

ability (Schmidt et al. 1961, Eklund et al. 1967a, and Eklund et al.
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1967b). Since all known Type C sirains are reportedly nonproteolytic and

o,

are similar in other respects to Type E and the nonpereo1ytic Types B
and F, low temperature growth of marine Type C strains was suspected.
Evidence to substantiate the low temperature growth ability of marine

Type C strains would have considerable relevance to the public health

aspects of refrigeréted radurized seafoods.

Foliowing the isolation of 6812, 6813, and 6814, spore suspensions
were produced in Egg Meat Medium (Difco) supplemented with 1% concen-
trations each of (NH4)2 S04, yeast extract (Difco), and glucose.

Each strain showed good_growth and sporulation.. Peak sporulation was
considefed to occur. after about 40.hours at,859F, whereas, the non-
marine strains appeared to shéw peak sporulation after about 72 hours

of incubation.

The viability of spores of the three suspensions expressed as a percen-
tage of the refractile count with preheating (160°F, 15 min.) and
without preheating is shown in Table 18-1. Beef Infusion Agar (See

attached Appendix) with additions of filter sterilized NaHCO, (10%)

and heat sterilized L-cysteine (20%) to give final concentrations of
0.14 and 0.10%, respectively, was used to standardize the suspensions.
Spores of 6813 and 6814 showed good viability with and without pre-

heating; however, spores of 6812 showed somewhat less viability,

the highest percentage being obtained with a preheat treatment,

The effect of preheat temperatures in the range 140 to 190°F at 10°F

intervals on the viability of spores of the marine strains was determined.
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The heating time at each temperature was 15 minutes. The results are

!
shown in Table 18-2. Spores of each strain showed no reduction in count
through 170°F; however, at 180°F a considerable diminution in count was

observed.

Table 18-3 summarizes the cultural characteristics of the marine, and

the non-mérine strains. .In general, the procedures used were those
recommended by Dowell and Hawkins (1969). All of the reactions shown
were obtaiﬁéd with incubation at 85°F. For the fermentatipn studies,
Brewer's Agar Medium withouf thioglycollate, resazurin, or glucose

was used. Andrade's‘indicator (Harleco) was employed. Each of 22 sugars
fested were filter sterilized and added aseptically to the melted base
medium to give a final concentration 0.5%. A deep-tube technique was
selected. Based on their fermentative ability, the marine strains can
be separated from the non-marine strains. Culturally, the marine strains
appeared to be very similar to each other. The non-marine strains also
showed no individual characteristic which would distinguish strain

6810 from 6811.

Some lots of sodium'thioglycollate wefe inhibitory for Type C growth.
In oﬁr initial work on Type C, the lot of thioglycollate being used
showed no detectable inhibitory effect. However, subsequent lots from
various suppliers all showed some degree of inhibition. The reducing
éompound L-cysteine hydrochloride prodﬁced no detectable inhibition és

t

determined by comparative colony counts and refractile spore counts
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made wixhva.Petroff-Hausser’chamber The optimal: concentratlon of:

L= cystelne (Table 18-4) was considered: as 0. 1/ In usmng L-cysteine,

the precautlon must be taken to compensate for the pH' reductlon caused

by the: addltlon of this compound to the growth medium. Thls was accom-
plished by the addition of sterile I N NaOH after the addition of the:
L-cysteine. Filter sterilized.or’heat:sterilized'(250°F"f0r"I0 mfn;)
chysxeine gave about the same colony counts:. Heat sterilized: L cysteine

was routinely used throughout the remainder- of the work.

In making colony'counts, the addition of NaHCOSpto.Beef Infusion Agar:
gave somewhat higher counts than when NaHCO' was omitted'from1the
medium. This was partlcularly evident when comparatlve counts: were
made after 48 hours of incubation (Table 18- 5) In some. cases:,

longer 1ncubat10n appeared to partially offset the beneficial effect
from the addi;ion of NaHCOz.. The: counts suggested’that.the-éddition,

of NaHCOz was desirable for the maximal recovery of spores of Type: C.

The: composition of the Beef'infusion.Agar medium ﬁsed,in making counts:
of Type: C is given in the Appendix. For our usual Beef Infusion broth
formulation, 0.5% NajH POy is added. The presence of phosphate

at this concentration was shown to greatly reduceathe_colony counts- for
spores: of 6811, 6812, and 6813‘(Tab1e 18-6). For this reason,_phosphate;
was' deleted from the Beef Infusion: Agar. and from the broth formulation

for the: Type: C. work.

Cardella.et. al. (1958) anerensen.(personaI communication) have used:

different media for the production of Type  C. toxin. The compositions.
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of their media are given in ﬁhe Appendix. A comparison of the levels
of toxinlproduced in Cardella's and Jensen's (modified) media, Beef
Infusion broth, and Egg Meta medium is shown in Table 18-7. Egg Meat
medium with 1% concentrations of (NH4)2 SO4, yeast extract, and glucose
was the best medium for toxin production. The marine-strains produced
appreciabiy higher levels of toxin ‘than the non mariné stréins. The
toxin titers for the marine strains were as high as those produced by

some Types A and B strains.

Savin (1966) reported that certain animal enzymes, including trypsin,
were‘capable of activating Type C toxin to a greater potency. However,
toxin produced by .our non-marine and marine stains showed no evidence
of toxin activation (Téble 18-8). If Type C toxin from the marine or
the non—mérine strains is trypsin activatable, then the conditions for

activation must be different from those used for Type E toxin activation.

Tables 18-9 and 18-10 show the results of two experiments to determine
the low temperature growth ability of the marine and non-marine strains.
The tests were conducted with ground haddock and with Egg Meat Medium
containing (NH4)2 SO4, yeast extract and glucose at 1% concentrations.
The substrates were dispensed in 20 X 150 m m screw cap tubes, with
five—pre repiicate sets being prepared for each experimental variable.
 The incubation‘teﬁperatures studied were 60, 55, 50, and 46°F. For
incuBation at 60 and 55°F, thé haddock substrate was autoclaved at 250°F
for 15‘minutes. For incubation at 50 and 46°F, the substrate was
heated in flowing steam for 30 minutes. The Egg Meat Medium was auto-

claved at 250°F for 15 minutes for each incubation temperature used. The



inoculum‘consisted of 2 x IO6 spores/tube;, based.onaa 160°F;, 15 minute
preheat prior to inoculation; After. inoculation the tubes were vaspar
sealed and incubated. The tubes were examined for the presence of gas:
periodically during incubation. The.marine‘striané showed. growth at
60°F, but not at lower temperatures in both substrates. On the other-
hand, the non-marine strains grew at 60 and:SS°F, but not below. At the-
completion of incubation, the tubes_showing no growth at the temperature
just‘belowAthat permitting growth were examined microscopically for growth,
and each was assayed for the presence of Type C toxin. None showed. detectable

growth or toxin production.

Table 18-11 summarizes the NaCl sensitivity of-;he marine and the non-
marine strains with Beef Infusion broth. Strains 6811, 6812, and 6813
showed growth in 2.0%, but not in 2.5% salt. Strains 6810 and 6814
tolerated only a slightly higher salt level with growth in 2.5%

sélt, but not in 3.0%.

The.limiting pH for the growth of Type C at 85°F in Beef Infusidn.broth
with and without glucbse is shown in Tables 18-12 and 18-13. The inoculum
level consisted of 2 X 106 spores per tube, with five-tube replicates per
variable. Beef Infusion was adjusted to varying pH levels by the addi-
tion of diluted hydrochloric acid then sterilized at 250°F for‘is min.
Immediately before pouring the medium, sterile. L-cysteine (10%) was
added. to give a final concentration of 0.05%. The pH levels shown were
those obtained after the addition of L-cysteine. After incubation.for 180
days., uninoculated control tubes atbeach'prtested showed no perceptible

change: in the. adjusted pH levels. While the pH levels between the two



experiments were not directly comparable, there was no suggestion that

the presence or the absence of glucose in the medium had any effect on the
minimal pH permitting growth. The marine strains grew at considerably
lower pH levels than the non-marine strains, with 6813 and 6814 showing

_growth at a somewhat lower pH than 6812,

The heat resistance of spores of the marine and the non-marine strains

in neutral phosphate buffer was determined. Sets of 10 replicate tubes
(16 x 150 mm screw cap) per variable were inoculated with 0.1.ml per tube,
equivalent to 1 x 106 spores. The inoculum level was based on a viable
preheated count‘(160°F for 15 minutes). After inoculation, 0.9 ml of
0.067 M phosphate buffer at pH 7.0 was pipetted into each tube. Ten-tube
replicate sets were heated to give partial spoilage enapoints. D-values
were determingd\for each strain at three or four different temperétures.
For heating temperatures of 215°F and above, thermal death time retorts
were used. For temperatnre of 205°F and'lower, a constant temperature
water bath was used. In using the water bath, the tubes were completely
submerged during heating. After heating, each tube was poured with Beef
Infusion b}oth containing 1% glucose, 0.1% L-cysteine, and 0.14% NaHCOjz.
Sterile I N NaOH was added to the medium prior to pouring ﬁo neutralize
the addition of the L-cysteine. The poured tubes were vaspar seaied and
incubated at 85°F. - The tubes were examined for growth of survivors over
an incubation period of not less than two months. D-values were calculated
from the partial spoilage data (Stumbo, 1948). Table 18-14 through 18-18
Asummarize the partial spoilage data and the D-values for each time-

temperature combination studied.
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"Thermal :resistance .curves :were jprepared by ;p’}l:‘dtﬁiﬁg the D-values ‘versus
‘temperature ‘on ‘three .cycle :semi-logarithmic :paper. ‘The -;:cixmk-:efs ;are charac-
tterized by D220 values @and z-values [siope wof the e:‘c;r.v.-e ‘#n "F) :tabulated
An Tablle 18-19. iAs shown, sspores «©f ithe :marine :'s§t~ﬁa:ifn=s were @apprecidbly
mmore ‘heat r»s.'en:szi;t@iwv.é than :those «f 'the ;nonvmarine strains. /Among the rmarine

sstrains., spores :of 6812 showed ‘the igreatest 'heat resistance. ’
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DISCUSSION

The inoculated pack data on cod incubated at 50 and 46°F appears to be
quitevunfavorable; At 50°F with a 10 inoculum level, Typé E toxin was
produced in samples given 100 and 200 Krads radiation at incubation times
appreciably ahead of the BCF storage life estimates. Comparable unirra-
diated control samples showed toxin at 1‘1/4 * (10 days), but not at
earlier times. With incubation at 46°F and a 104 inoculum level, the
irradiated samples became toxic at or before the maximal storagé life
estimates; the controls failed to show toxin development until 1 1/2 X
(12 days). Below 46°F, the inoculated pack data obtained from a préceding
experiment weré much more favorable. At 42°F, samples inoculated with
10 spores and given 200 Krads.radiation showed toxin development in one
out of three replicates at 3/4 X (24 days). Samples given 100 Krads |
radiation and controls failed to produce toxin at 1 1/2 X values (39
‘andv13 days,.respectiveiy). With a 104 inoculum, only oﬁe out of three
samples given 100 Krads radiation became toxic, but not until 11/2X

(39 days); the controls and the samples subjected to 200 Krads radia-
tion remained nontoxic through 1 1/2 X. With incubation at 38°F, samples
inoculated with 104 or 106 spore levels showed no detectable toxin
through 1 1/2 X. We believe that negative toxin assay data with an inocu-
lum of 104 spores/g for 1 1/2 X to twice the maximal storage life esti-
mate would provide a sufficient margin of public health safety, even
though a few occassional samples may show toxin development earlier with

an inoculum level of 100 spores/g.




Our inoculated pack results on cod at 50°F are in compartively good

agreement with those reported by Graikoski (1968). If the BCF estimates
of maximal p?oduct storage lifg on cod are accepted, then Graikoski's
data show toxin development at S0°F with 100 and 200 Krads.radiation
(106, 104, and 102 inoculum levels) at times preceding the storaée life
estimates. In contrast, unirradiated control samples did nof show:

toxin development prior to the maximal storége life values. With
incubation at 44.6°F, the inoculated pack results appeared more encour-
aging. None of the unirradiated or irradiated samples became toxic
before the approximated storage life estimates. An approximation of

the 44.6°F storage life was necessary, because actual BCF data were not
secured at this specific temperature. Our results show that Type E toxin
production in low dose irradiated cod might be_possible before the maximal
storage life estimates unless the product is handled and distributed at

temperatures no higher than 42°F.

There is some evidence that low doses of radiation may promote Tyée Ev
toxin development with incubation at low temperatures. Ajmal (1968)
reported that aerobically packed herring and cod given 650 Krads radiation
and incubated at SO°F were appreciably more susceptible to Typé-E toxin
production than comparable unirradiated product. Our inoculated pack |
on haddock at 46 and 50°F showed that samples given 200 Krads fadiation
usually became toxic earlier than samples giveq 100 Krads radiation
or'not‘irradiated..(Annual,report.dated,October 15, 1968,) However,

the second inoculated pack on cod at 46° -and 50°F showed little evidence

that toxin was produced more rapidiy with 200 Krads radiation than with
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100 Krads radiation or without radiation. It is apparent that further
work will be necessary before a definite conclusion can be drawn con-
cerning the possible stimulatory effect of low doses of radiation on

Type E toxin production.

Work on Type C has failed to show that marine strains are capable of
growth at any lower temperature than non-marine strains. The results
suggest that inoculated pack studies on Type C like those conducted on

Type E will not be necessary.

Experiments involving the sodium chloride tolerance and the pH sensitivity

of marine and non-marine strains of Cl. botulinum Type C were completed.
It appears that Type C possesses less salt tolerance than the Types A,
B, or E for_which data are avéilable. In Beef Infusion broth, the
inhibitory Salt level ranged from 2.5-3;0% for the five stains tested.
Spores of the marine Type C Strains‘tolerated lower pH levels then
Spores of the.non—mérine strains. Marine strain 6813'showed grqwth at

pH 5.00, but not at pH 4.91. There is no indication that Type C will

grow at any lower pH than that recognized as completely inhibitory for

strains of the other toxin Types of Cl. botulinum,.

Heat resistance studies on spores of the marine and non-marine strains
showed they occupy a position intermediate with respect to the heat
‘resistance of spores of Type A or B and those of Type E. In comparison
to spores of the non-marine strains, spores of the marine strains were

- appreciably more heat sensitive.



SUMMARY OF ACCOMPLISHMENTS

Studies conducted during the first contract year (June 1962 to June
1963) were aimed at defining the conditions under which spores of Cl.
bOtulinum Type E would germinate, leading to growth and toxin pro—"
ducfion at temperatures within the refrigeration temperature zone.
'During ihis period, much was learned about the preparation and the
stahdardization of Type E spore suspensions. The Beluga, 8E, Alaska,
and the Minneapolis stfains were selected from among several possible
test strains. Trypticase, Peptone, glucose broth (TPG) proved to be
an excellent medium for sporulation of these Stréins. For standardi-
zation,fs%‘Peptone agar gave good rgéovéfy’without'the'problem of -
gas‘productidn that had been previously experienced with TP agar and
liver infusion agar media. Twenty-two éommérciallY'available protein
hydrolysates and four cémpiex formulated media were individually
screened for their ability to support Type E growth at 46°F. The
results showed that the composition of the growth medium had a signi--
ficant effect on the spore outgrowth time (earliest time for visible
gas production under a vaspar seai). Among the various media tested,
Peptone and Trypticase - Peﬁtone broths gave the shortest outgrowth:
times. Experiments using steaméd-ground-haddbck and sole substrates
showed both supported rapid and good growth at temperature of 50, 46,
and 42°F. Addition of 1% sodium chloride to a haddock substrate

permitted Type E growth as low as 38°F, while tubes of haddock

without salt failed to show growth.
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During the contract yeaf June 1963 to June 1964, studies were com-
pleted to aetermine the concentration of sodium chloride required
for complete inhibition of Type E.growth in the temperature range
46 to 85°F. In studies using TPG medium with incubation at 83, 70,
and 60°F, 5% salt was necessary to completely inhibit growth. At
46° and 50°F,'the'concentration of salt required for inhibition was
only slightly less (4.5%) than that shown at higher temperatufesi

With 4.0% salt, some extension of outgrowth time was observed.

The limiting pH permitting gfowth of Type E from a spore inoculum

was determined with TPG medium. With an inoculum of 2 X 10° spores

and incubation at 85°F, spores of one Type E strain showed growth

at pH 5.21, but not at pH 5.10. With a tenfold higher inoculum level,
‘the same strain showed growth at pH 5.03 in one out of five replicate
tubeS. With incubation at 46°F, the Beluga, 8E, Alaska, and Minneapolis
strains grew at'pHvS.Q but not at pH 5.7 with an inoculum of 2 X 100

spores per replicate tube.

In heat resistance studies, spores of the Minneapolis strain suspended
in TPG medium éhowed a D);¢ equal to 1.9 min and a z-value of 16°F.

In phosphate buffer, the thermal resistance curve was characterized

by a Dyy¢ equal to 2.3 min and a z-value equal to 15°F. The respec-
tive Djy¢ values for spores of the Beluga, 8E, and Minneapolis strains

in phosphate buffer were 1.06, 1.38 and 0.93 min.

In addition to heat resistance studies on spores of Type E, the heat
resistance of Type E toxin was also investigated. With a toxin titer

]
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‘ , 0f . 10,000 MLD/ml in 0.067 M phosphate buffer at pH 6.0, heating at
150°F yielded detectable toxin at 60 min., but none at 65 min. With
a tenfold lower toxin level, the‘iﬁactivation time Qas-decreased
about tenfold. Toxin inactivation proceded much more'slowfy in the

pH range 5.2 to 5.6 than at pH 6.0 or 7.0. ’

3. .Dgringjgun¢y1964 to January 1966, several possible chémicél fdod

.additives were screened for thgir inhibitory effects aéaihst Typer

‘E. Among the compounds showing, some inhibition in blended fish
hompggnate at 46°F were sodium benzgate, sodium nifrite, sodium
_parahydroxybenzoate (PHB), éﬁd the calcium-disbdium and'the disodium
salts of ethylenediamine - tetraacetic acid (EDTA). Calcium prdpionate
and‘potassium,sorbate, each at 1,000 ppm concentrations, sddiuﬁ
citrate at 2,000 ppm, or sodium tripolyphosphaté at 5,000 PpPMm failed
to delay Type E growth. With,radur@zing.dosés of gammé rédi#tién,
_benzoate, nitrite,-PHB,.and Ngz EDTA showed some synergistic effects

which delayed the growth of Type E.

The radiation resistance of spores of Type E in neutral phosphate
buffer and in blended haddock hémogeﬁateIWas deterﬁinéd. The radia-
tion survivors at varying doses wer¢~dete;mined with Peptoné—Ge1atin
‘medium and with incubation at 68 aﬁd 46°F . ‘Survivor curves Showed\

a pronounced ''shoulder' during fhe first log cycle of reduction
followed by exponential destruction. D-valuesAfér spores in haddock,
based on colony counts at 68°F, ranged from 200 to 220 Krads. With
‘incubation at 46°F, the D-values were about half those obtained at 68°F.

D-values for spores in buffer, based on counts at 68°F, ranged from 80
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to 110 Krads. Similar D-values for spores in buffer based on counts
at 46°F were obtained. D-values determined from partial spoilage
data and calculated for 10° inactivation were in close agreement to

those shown by the exponential portion of the survivor curves.

Inoculated pack studies were initiated during the contract period
January 1966 through April 1967. The purpose of these studies

was to determine the public health safety of a low dose irradiated
marine product in comparison to that existing in the unirradiated
product. The work was undertaken with the cooperation of the
Gloucester Bureau of Commercial Fisheries Laboratory. Estimates

of maximal product storage life were determined by an untrained
consumer-type panel at the BCF laboratory. The storage life esti-
mates were designated as "X" and represeht the time in days for
unanimous rejection of a product By this panel. Similar product was
shipped by BCF to our laboratory for the inoculated pack. Triplicate
samples were prepared for each experimental variable. The_samples
were inoculated with 10°, 104 or 10° Beluga spores/g. The samples
were given 100 and 200 Krads radiation and incubated at 50, 46, 42,
40, or 38°F along with comparable jnoculated unirradiated control
samples. Toxin assays for Type E toxin were made at fractions and

multiples of the BCF "X' values.
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The first inoculated pack study was on haddock. At 40 and 42°F

incubation, unirradiated controls and irradiated samples inoculated

with 10° or 10 spores showed no toxin up to 2 X (twice the maximal

expected storage life). At 46°F, samples inoculated with 106 spores
and given 100 Krads radiation showed toxin at X, but not at earlier
times; controls were non-toxic through 2X. With a 104 inoculum,

control and 100 Krads irradiated samples with both inoculum levels

=(106 and 104) showed detectable toxin at 1/2X, the earliest time

tested. At 50°F, control and 100 Krads irradiated samples with 104

2
and 10° inoculum levels were non-toxic up to X. However, 200 Krads

irradiated samples showed detectable toxin at 1/2X and 3/4 X with 10

2 inoculum levels. While these data for haddock with 100 Krads

and 10
radiation appeared encouraging, the results with 200 Krads were much

less favorable.

In conducting the inoculated pack experiment on haddock, nonspecific

.toxicities were often encountered by the mouse assay test for Type E

toxin. These nonspecific toxicities occurred only with unirradiated
and 100 Krads irradiated samples. Nonspecific reactions wérevnot
observed with 200 Krads irradiated samples (although subsequent

work on cod showed nonspecific toxicities with this radiation dose).
The symptoms and the pattern of the nonspecific toxicities suggested
that a septicemia was involved. Heart-blood cultured from mice showing
nonSpecific illness confirmed an infectious process. Among 23 isolates

obtained, twelve were identified as species of the genus Proteus.

The other isolates included two strains of Aerobacter aerogenes,




-27-

N N

one Actinobacillus, three enterococci, one Alcaligenes marshalli,

and four strains of Erysipelothrix insidiosa. The E. insidiosa

isolates produced symptoms and deaths in mice resembling those

‘seen in mice with typical nonspecific toxicities. It was shown

that the g;_insidiosa cultures were capable of growth as low as

40°F. This is the first known report of their low temperature growth
ability. The nonspecific deaths in assays for toxin were avoided

by the intraperitoneal injection of mice with the antibiotics chlor-

amphericol and oxytetracycline.

An inoculated pack experiment on cod was completed during the next
period (May 1967 through Januafy 1968). Unirradiated controls and
jrradiated samples (100 and 200 Krads) inoculated witth6 and

104 spores and incubated #t 38°F showed no detectable toxin up to
11/2 X, the longest times tested. With incubation at 42°F, the
controls inoculated with 106 and 104 spores showed no toxin at

1 1/2 X. Samples with 106 sporés and given 100 Krads radiation
showed no toxin up to 1 1/2X, however, with a 104 iﬁoculum, toxin
was detected at 1 1/2 X in one of thrée replicate samples, but not

at earlier times. Samples with 106 spores and given 200.Krads radia-
tion showed toxin at 3/4 X and at X in one out of three replicates,
yet faiied to show toxin at longer times. With a 104 inoculum,

none of the 200 Krgds irradiated samples became toxic up to 1 1/2 Xi
With iﬁcubation at 46°F, control samples inoculated with 106 or

104 spores failed to become toxic through 1 1/2X. Samples inoculated

with 109 spores a?d receiving 100 Krads radiation became toxic at
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3/4X; with_104 spores, samples remained nontoxic through 1'1/2 X.
Samples inoculated with 106 and 104 spores and giveﬁ ZOO‘Krads
radiation showed toxin at 1 1/2 X and at X, respectively. In the
latter case, only one out of three samples were téxic with a 104
inoculum. With incubation at 50°F, control samples inoculated with
104 and 102 spores failed to show toxin at X or at 1 1/2X. In
contrast, the irradiated samples showed toxin at X, the earliest

sampling time tested.

The inoculated pack experiment on haddock was repeated during the
contract period January 1968 to January 1969. The results of the

second experiment were quite similar to those obtained earlier.

Samples given 100 or 200 Krads radiation showed toxin development

at 50 and 46°F somewhat earlier than unirradiated control sampies

at about equivalent incubation times. When compared on the basis

of equivalent X-values, the ZOOlKrads irradiated samples were clearly
toxic before either the 100 Krads irradiated samples or the unirradiated

controls.

.In addition to the inoculated pack study on haddock, work was started

on Cl. botulinum Type C. The purpose of this work wés to determine the

possible low temperature growth ability and growth characteristics
of Type C strains originating from a marine environment. The

results of the early work on Type C are briefly discussed in Phase

XVIII of this report.




7. Accomplishments from January 1969 through January 14, 1970 which

terminates this contract, are presented in the summary to this

Treport.
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8. Segner, W. P., and C. F. Schmidt. Low temperature growth
and heat resistance studies on spores of Clostridium

botulinum Type C.
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APPENDIX
/ Media composition used for Type C; all figures are in‘gram§/liter.

Beef Infusion Agar

1000 ml filtrate of beef infusion (1 ib. fresh beef/I)

NaCl 5g

Peptone (Difco) 10g

pH 7.4

Nap HPO, (5g), normally added, was not added fdr the Type C

work.

Jensen's Medium (Modified)

Lactalysate (BBL) 30g

Yeast Extract (Difco) 20g (Substituted for Albimi Yeast Autolysate)
Glucose 10g (Jensen recommended 5g)

Na. - citrate 3.5g

pH 7.3 - 7.4

Cardella's Medium

Proteose - Peptone (Difco) 40g
Trypticase (BBL) 20g
Yeast extract (Difco) 20g

Glucose 10g

pH 7.0




Egg Meat Medium (Difco)

Egg Meat 150g
(NH4)2 SO, 10g -
Yeast Extract (Difco)
Glucose 10g

pH 7.4

10g

-33-
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Toxin «development in unirradiated and dirradiated cod inoculated with 10

TABLE 17-1

spores of the Beluga type E strain and incubated at SO°F.

Dose ) ‘Time
Krads X-Valuel (Days)  Rejection?
0 1/2 4 3/9
374 6 9/9
1 8 9/9
11/4 10 9/9
11/2 12 9/9
2 16 9/9
100 172 7 479
3/4 10 4/9
1 14 0/9
1 1/4 17 13/15
11/2 21 13/15
2 28 12/12
200 1/2 7 2/9
3/4 11 0/9
1 15 P
1 174 19 8/12
11/2 24 7/9
2 30 10/12

4

Toxin>
Undigested Trypsinized

0/3 0/3
0/3 1/3
0/3 0/3
0/3 2/3
0/3 2/3

073 2/3
0/3 2/3
1/3 3/3
3/3 ———

! Storage 1life wvalues based on ‘the Gloucester untrained, consumer-type

‘panel -estimates.

'Z?No"'sampies rejected/No. possible rejections.

3 Fraction of triplicate samples toxic.

* Result mot determined.

2724770



TABLE 17-2

Toxin development in unirradiated and jrradiated cod inoculated with 102

spores and incubated at 50°F.

Dose - Time Toxin

Krads X-Value (Days) Rejection Undigested  Irypsinized
0 1/2 4 4/9 0/3 . 0/3
3/4 6 6/9 0/3 0/3
1 8 - 6/9 0/3 . 0/3
11/4 10 9/9 : 0/3 1/3
11/2 12 9/9 - 0/3 0/3
2, 16 9/9 0/3 0/3
100 1/2 7 4/9 0/3 1/3
3/4 10 6/9 0/3 - 2/3
1 14 5/9 1/3 - 1Y/3
11/4 17 14/15 1/3 3/3
11/2 21 - 6/15 1/3 3/3
2 28 12/12 ——- -
200 1/2 7 4/9 0/3 . 0/3
3/4 11 1/9 0/3 . 1/3
1 15 : ——- 2/3 2/3
11/4 19 - 7/12 0/3 1/3
11/2 24 8/9 - 2/3 3/3

2 30 11/12 3/3 3/3

2/24/70



TABLE 17-3

“Foxin development Ain unirradiated :and irradiated cod 1nocu1ated with 109
ispores iand dncubated -at 46°F.

‘Dose " “Time : Toxin
Krads X-Value {tDays?) Rejection ‘Undigested Trypsimized

013 . 0/3
0/3 ' 3/3
0/3 373
0/3 273
173 | 273
073 3/3

0 1/2 4
3/4 i

8

174 10

1/2 12

16

(SR

100 1/2 7 . 179 0/3 3/3
‘ 3/4 10 079 . 0/3 2/3
14 : 579 1/3 273
1/4 17 4/15 173 3/3
1/2 21 12715 ——- -
28 : 8712 -—- m

RO b b

200 1/2 7 079 - 0/3 073

3/4 11 079 0/3 0/3

15 e S8 N 3/3
174 19 : ;

192 24

' 30

- -

RO b b e

2724770 | 3%




TABLE 17-4

, _ 4
Toxin development in unirradiated and irradiated cod inoculated with 10

- spores and incubated at 46°F.

Dose Time Toxin
Krads X-Value (Days) Rejection Undigested Trypsinized
0 1/2 . 4 2/12 0/3 0/3
' 3/4 6 11/12 0/3 ' 0/3
1 8 . 8/9 0/3 0/3 .
11/4 - 10 9/9 0/3 0/3
11/2 12 9/9 0/3 1/3
2 16 9/9 0/3 ' 1/3
100 1/2 7 0/9 0/3 0/3
3/4 10 ‘ 0/9 0/3 : 1/3
1 14 4/9 0/3 1/3
. 11/4 17 . 4/9 0/3 - 3/3
11/2 21 13/15 --- B “
2 28 9/12 fe- ’ ---
200 1/2 7 0/9 0/3 0/3 :
3/4 11 0/9 o 0/3 - 0/3 .
1 15 ' - 0/3 2/3
11/4 19 : 6/12 3/3 --
11/2 24 ‘ 5/9 - ---
2 30 10/12 _—— ---
2/24/70 ‘Ibbi



TABLE 17-5

‘Summary ‘of ‘toxin .assay .results <on :cod :with ‘incubation :at 50
vand 46°F. ' ' ’

: JInc "Time .(Days)
“Temp °F Inoc = Krads "No Toxin . “Toxin

0 4 {1/2)* 6 "(3/4)

0 8 (1) 10 (1 174)
100 7 41/2)
200 7 (12 11 (3/4)

" 4 1/2) 6 {(3/4)
100 o 7 (1/2)
200 11 (3/4) 15 (1)

0 10 (1 1/4) 12 (1 1/2)
‘100 7 (1/2) 10 {(3/4)
:200 11 :(3/4) 15 (1)

50 10
1.0
46 10

10

** 'Values inparenthesis show :fraction .or miltiple «of X.

** ‘Shortest /incubation time 'tested.

2/:24/70




TABLE 18-1

Yield and viability of spores of 6812, 6813, and 6814 produced 1n fortified

Egg Meat Medium.

Refractile Count X10 /ml

Strain Culture
6812 85
6813 168
6814

Preheat = 160°F, 15 -min.

_Stock __

510
780

840

Viable counts based on

containing 0.14% N:a,HCO:5 and 0.1% L-cysteine,

2/24/70

0,

Viability as %
of Refractile Count

Unheated "Preheated
26 41
100 - 86
83 86

Beef Infusion .Agar




TABLE 18-2

Effect of‘preheating on the viability of spores of 6812, 6813, 6814.

Colony Count X106/ml

Preheat
Temp °F 6812 6813 6814
‘None 130 800 700
| 140 200 780 780
‘ 150 170 760 760
160 210 680 720
170 260 580 700
180 _ o 120 160 160
190 50 2 2
Preheat time = 15 min. Counts are the averages of five-tube replicate
. sets per variable as determined with Beef Infusion agar containing
0.14% NaHCO3 plus 0.1% L-cysteine.

2/24/70 . | q’g-




TABLE 18-3

Cultural characteristics of non-marine and marine strains of Clostridium
botulinum Type C at 85°F. '

4 Non-Marine Marine i
TEST - 6810 6811 6812 6813 6814
_\ _ ' i
Dimensions (u) ;
Vegetative Cells 1.2x 6.0 1.7x5.0 1.0x5.0 1.4x5.0 1.2x5.0
Spores ' 1.0 x1.4 1.0x1.2 0.9x1.5 1.0 x 1.6 0.6 x 1.2
: i
Protein Hydrolysis 3
Gelatin (12%) ' N + + + +
Coag Egg White - - - - -
Indole ' - - - - -
Nitrate Reduction - - - - - -
Motility - - - - -
Catalase - - ‘ - - - -
Egg Meat Medium )
Gas + + + + +
Digestion - - - - -
Sugar Fermentations
Dextrin - - (AG) (AG) (AG)
Fructose : (AG) (AG) - - o
Galactose _ - - AG AG AG
" Glucose AG AG AG AG : AG
Inositol - - (A) (A) (A)
Maltose - - » (AG) (AG) (AG)
Melibose i - - (AG) (AG) (AG)
Ribose (AG) (AG) AG AG AG
Starch - - (AG) (AG) (AG)

% Adonitol, arabinose, dulcitol, glycerol, inulin, lactose, mannitol, raffinose,

salcin, sorbitol, sucrose, trehalose, and xylose were not fermented.

A = acid; AG = Acid and gas; reaction in parenthesis shows a weak or'delayed‘
reaction (fermentation after 72 hours incubation); - means sugar not fermented

during one month of incubation.’
\

2/24/70
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TABLE 18-4

Effect of sodihm thipglycolléte versus'ﬁ-éyétéiﬁe'hydrochibfide»6h“the‘ _
viable counts with Beef Infusion agar.

Reducing ‘ Conc. Unheated Count XI06/m1
Cpd. (%) €810 6811 6812 6313 6814

Thio ‘ 0 28 90 38 66 180
0.02 - 75 S0 100 720 460
0.05 <10 <10 120 520 380
0.10 <10 <10 20 64 160

L-cysteine 0.02 91 42 150 740 - 620
0.05 97 100 140 870 660
0.10 110 180 150 760 880 -
0

.15 100 150 100 870 870

* Counts of stock suspensions based on BI agar containing 0.14% sodium
bicarbonate with incubation at 85°F. Each count shown represents the
average of a five-tube replicate set. Counts were made after 4 days
and after about one month of incubation.

2/24/70



TABLE 18-5

Effect of the addition of sodium bicarbonate (0114%)'to Beef Infusion
agar on the recovery of spores of Clostridium botulinum type C.

/

Colony.Count»xlos/ml*

- . No NaHCO-« : NaHCO3 Added

Suspension : 48h 30 Days , 48h 30 Days**
6810 a 60 50 . 103 90
6811 3 8 97 86
6812 1_' 34 93 81
6813 44 81 102 89
6814 ) 22 103 . 115 105

* Counts based on a 160°F, 15 min. preheat. Counts are the averages
of five-tube replicgte sets. Suspensions used were standardized
to contain 100 x 10° spores/ml..

** Reduced counts are due to the lysing of colonies after one month
of incubation at 85°F.
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TABLE 18-6

Effect of the addition of phosphate to BI agar on the v1able counts
of Type C spore suspen51ons

Colony Count. x10°/ml*

Suspension No: Phosphate: Phdsphate Added**
6810 o8 .
6811 , 97 42
6812 93 ' | 34
6813 108. 68
6814 103 ' 94

* Bl agar containing 0.14% NaHCO and 0.1% L- cystelne Counts are

based on a 160°F, 15 min. preheat Each count: represents the
average of five replicate tubes with incubation at 85°F for 48 hours.

** Sodium phosphate (Na,HPO,). concentration = 0.5%.
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TABLE 18-7

Toxin production at 85°F by Type C in various media.

"MLD Toxin x103/m1 [

Mediun' Inc. Time (Days) 6810 6811 6812 6813 6814
Jensen's 3 20 20 200 200 200
' 6 100 50 500 500 500
9 50 50 500 200 200
30 ‘ v 50 50 500 500 500
Cardella's 3 100 100 200 200 500
6 100 100 500 200 1,000
9 200 200 1,000 . 500 - 500
30 : - 200 200 2,000 500 1,000
Egg-Meat 3 500 500 1,000 1,000 100
6 500 . 500 1,000 1,000 500 .
9 500 500 2,000 2,000 500
30 ' . 500 500 5,000 . 2,000 2,000
BI 3 200 20 500 200 200
6 <20 20 500 -- 100
9 20 20 100 200 200
30 - 10 20 200 100 100
Each medium contained 1% glucose. Sterile L-cysteine was added to
Jensen's, Cardella's, and Beef Infusion (BI) medium to give a final
concentration of 0.1%. Egg Meat Medium (Difco) was supplemented
with 1% concentrations of (NHy), SO4 and yeast extract (Difco) in
addition to glucose. Each medium was prepared in 150 ml quantity
in a swrew-cap bottle and sterilized at 250°F for 15 min. The
inoculum used consisted of 107 (unheated) spores/bottle.
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(——____i-——__________—_———_—_——__—__;;;;;f;;;:—_—_i______________-—“—

Effect: of Trypsin on: Type: € toxin produced: in; Egg-Meat Medium:

MLD: x10°7/m1

Strain. Untrypsinized: Trypsinized}.

|

|

|

|

|

|

|

|

|

|

|
6810 ' 200 _ 50
6811 : 500 - 500:

|

|

6812. 200 500
6813 1 100 200

6814 500: . ‘ 500

1 Trypsin:digestion with 0.5% trypsin. (Difco, I':250). final concentration

‘and incubation. for one hour at. 98°F. The cultures. tested had been
“incubated at 85°F for three days.
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TABLE 18-9

Effect of incubation temperature on‘fhé.outgrowth time of spores of
Cl. botglinum Type C in ground haddock...
Avg. and Range of Outg;owth Time (D_ays)1 i

Temp °F- - 6810 6811 6812 6813 68;4

60 _ 36(7-152) - 705-7) 6(5-7) 6(5-7) 5(5-6)

55 23,25,25,25,>270 19 - >270. >270 >270

50 >270 >270  >270 >270 >270

46 >270 >270 >270 >270 >270

Inoculum equaled 2 x 108 spores per replicate tube with a 160°F, 15
min preheat. Where fewer than five replicates showed growth, the out-
growth time is shown in parenthesis. All tubes were vaspar sealed.
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TABLE 18-10

Effect .of incubation temperature on the outgrowth: time of spores. of Cl.
botulinum type C in Egg-Meat medium. .

Avg. and Range of Outgrowth Time (Days)?

Temp °F 6810 6811 6812 6813 6814 6815
60 8(5-12).  6(5-9)  15(7-26) 7(5-9) 9(7-12) 7(5-9)
55 40(19-47) 31(28-33) >250 >250  >250.  >250
50 -~ >250 >250 >250.  >250  >250  >250
46 >250 >250 >250  >250  >250  >250

See footnote Table 18-9. The medium contained 1% concentrations
of (NHy), S0, yeast extract, and. glucose..
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TABLE 18-11

‘Effect of sodlum chlorlde concentratlon on the. outgrowth of spores of C1.
" botulinum type C in Beef Infusion broth with incubation at 85°F.

Avg. and Range of Ouggrowtthimel (Days)

% Nacl 6810 6811 6812 6813 _ 6814
2.0 3 5(3-6) 29(6-48)  7(6-8)  4(3-6)
2.5  84,84,5200 >200  >200 >200  20,>200
3.0 . >200 >200  >200 >200  »200

1 See foo;note Table 18-9.
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TABLE 18-12

Effect of pH on the outgrowth time of spores of five Type € strains in
Beef Infu51on broth w1thout glucose w1th 1ncubat10n at 85 F ’

Avg. and Ranggrof Outgrowth Tlme (Days)

| pH | 6810 6811 6812 6813 6814

; 5.62 g 4 4 4 4
5.45 >180 >180 4 | oy 4
5.30  >180 >1so: 4,4,4,7,>180 4 4
5.14 ~ >180 >180  >180 s 4
5.00 >180 >180  >180 4,7,11,>180 >180
4,91 >180 >180  >180 >180 >180

See footnote Table 18-9. Reducing agent was L- cysteine at a concen-
tration of 0.05%. The inocula were not preheated.
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TABLE 18-13

e

Effect of pH on the outgrowth time of spores of five Type C strains in
Beef Infusion broth containing 1% glucose and with incubation at 85°F.

Avg. and Range of Outgrowth Time! (Days)

pH_ 6810 6811 6812 6813 6814
5.54 >180 >180 4 4 4

5.39 5180 >180  4,4,115180 4 4
5.25 >180 >180  4,6,6,6,>180 4 4
5.10 >180  >180 >180 4 4
4.94 >180  >180 > 180 >180  >180
4.81 >180  >180 > iso >180  >180

See footnotes. Tables 18-9 and 18-12.
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TABLE 18-14

Heat Resistance of spores of 6810 in Neutral PhosphateBuf'fer.1

Heating Partia145§oilage ‘
Temp °F Time (Min)?2 Data : D-Value (Min)
215 12.0 10/10 -
13.0 9/10 2.15
14.0 9/10 -2.31
15.0 3/10 2.31
16.0 5/10 2.54
17.0 1/10 2.43
Avg 2.35
220 4.0 10/10 ——
' 4.5 8/10 0.74
5.0 8/10 0.82
5.5 8/10 0.90
6.0 1/10 0.86
6.5 3/10 1.00
7.0 0/10 --
Avg 0.86
225 1.4 10/10 <=
1.6 4/10 0.25
1.8 3/10 0.29
2.0 2/10 0-.30
2.5 0/10 --
Avg 0.28
230 0.4 10/10 -=
0.6 5/10 0.10
0.8 0/10 --
1.0 1/10 0.14
Avg 0.12
)
1‘Reco:very medium was BI broth with 1% glucose, 0.1% L-cysteine, .and
0.14% NaHCOz. Inoculum equaled 1 x 10 spores per tube with 10 re-
plicates.

2 Corrected for come up time.

3 Fraction of tubes showing growth; minimal incubation time at 85°F

s

was two months.




TABLE 18-15
5 :

Heat Resistance of Spores of 6811 in neutral phosphate buffer1

Lo

Heating Partial Spoilage

Temp °F Time (Min) Data D-Value (Min)
215 | 6.5 8/10 1.07
_ 7.0 3/10 . 1,07 ‘ ‘ ' '
7.5 ' 2/10 1.12 . '
- 8.0 '1/10 1.14
8.5 ' 2/10 1.27 .
9.0 0/10 - o
| - Avg 1.13 - |
220 2.0 10/10 -——
2.5 | 5/10 0.04 |
3.0 0/10 -
Avg  0.40
225 0.60 6/10 "0.10
0.80 ‘ 4/10 0.12
1.00 - 0/10 -——-
‘ - (
Avg 0.11
1 See footnotes Table 18-14
|
\
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TABLE 18-16"

' : o2
Heat resistance of spores of 6812 in neutral phosphate buffer

Heé.ti_ng Partial Spoilage o
Temp °F " Time {Min) ____Data_ - D-Value {(Min)

205 12,0 - 10710 | -
14.0 8/10 2,29
16.0 - 7/10 2.58
18.0 3/10 L 2.77
20.0 1/10 | 2.85

Avg 2.62

10/10 -

9/10 o 0.20
3/10 - 0.22
3/10 0.25

215

e
N O

Av_g 0.22
220 10/10 -
4/10 ©0.09
5/10 0.13

ocoo
0 O b

Avg. 0.11

1 See. footnotes Table 18-14
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TABLE 18-17

Heat resistancé of spores. of 6813 in neutral phosphate buffer1

Heating Partial Spoilage
Temp °F -~ Time (Min) Data ' D-Value (Min)
195 - 30.0 - 2/10 4.
‘ 35.0 1/10 . 5.0
40.0 0/10 o
_ Avg 4.8
200 14.0 - 7/10 2,26
: . 15.0 2/10 2.31
16.0 1/10 : 2.29
17.0 0/10 | -
Avg 2.29
205 4.5 1/10 0.64"
: 5.0 2/10 ©0.75
Avg 0.69
215 0.2 5/10 0.03
0.4 2/10 0.06
0.6 1/10 0.09
0.8 1/10 0.11
Avg 0.07
1 See footnotes Table 18-14
2/24/70
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) ' TABLE 18-18

Heat resistance of spores of 6814 in neutral.phosphate?buffe:i

Temp °F Time (Min) Data N D-Value (Min)

|
|
|
o Heating Partial ﬁpdilage

200 18.0 3710 : 2.77
20.0 5/10 3717 -
22.0 1710 3.14
24.0 0/10 i

Avg 3.03

10/10 -
7/10 , 0.89
4/100 0.94

B e T e S

205

o vt i
o Ui o

Avg 0.91

10/10 e
9/10 0.066
0/16 .

215

SO
ov i KN

Avg 0.066

1 SeeAqufnotes Tabiele-l#
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TABLE 18-19

Summary of thermal resistance characteristics of spores of non-marine
and marine strains of Cl. botulinum Type C heated in phosphate buffer.

Strain ; D22 value (Min) Zz-Value (°F)
6810 ©0.182 11.5¢
6811 ©0.40 110.0 \
6812 ©0.094 4 10.5
6813 0.028* | 10.5
6814 0.020* | 9.0

* By extrapolation of the heat resistance curve obtained at lower temperatures.
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