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SUMMARY 

4 6 Haddock inoculated with 1 x lo2, 1 x 10 or 1 x 10 spores 

per gram of typ E, 2. botulinum and irradiated at 150, 250 
or 350 kilo rad, then held at 33, 35 or 40°p did not become 

toxic in 1,.2 or 3 times the irradiated storage life at these 

temperatures (mximum of 65 days at ~oOF, 120 days at 33 

and 35'~) . 
Haddock inoculated with 1 x lo2 spores per gram of 

type E, C1. botulinum, irradiated with 150, 250 or 350 kllo . 
- .  

rad and stored at 45'~ did not become toxic in 1, 2 or 3 times 

the irradiated storage life at that temperature (maximum of 

26, 42 and 54 days respectively). 
4 *. ' Haddock inoculated with 1 x '10 spores per gram of 

type E, B. botulinum irradiated at 150 kilo rad and stored at 
45'~ became toxic in 3 times the irradiated storage 1if.e 

(26 days) but was not toxic in 2 times the irradiated storage 

life (18 days) . 
4 Haddock inoculated with 1 x 10 spores per gram of 

type E, g. botullnum, irradiated at 250 kilo rad and stored 

at.45'~ became toxic in 3 times the irradiated storage life 

(42 days) but not in 2 times the' irradiated storage life 

(29 days). 
' 4 Haddock inoculated with 1 x 10 Qpores per gram .of + 

type E, - Cl.,botulFnum irradiated at 350 ldlo rad and stored 

at 45'~ became toxic in 3 times the Irradiated storage life 

(54 days) but not in 2 times the storage, life (36 days) . 



6 Haddock inocula ted  with 1 x 10 spores  of type E, - C 1 .  

botulinum, i r r a d i a t e d  a t  150, 250 o r  350 k i l o  r ad  and s t o r e d  

a t  4 5 ' ~  became t o x i c  i n  t h e  normal, i r r a d i a t e d  s to rage  l i f e  

t ime (16, 1 6  and 20 days r e s p e c t i v e l y ) ,  

I n  samples inocula ted  with 1 x lo6 spores  p e r  gram of 

type E, u. botulinum, some of which were no t  i r r a d i a t e d ,  

o t h e r s  of which were i r r a d i a t e d  a t  100 o r  200 k i l o  rad ,  

a l l  of which were s t o r e d  a t  4 5 ' ~ ~  t o x i c i t y  occurred i n  

i r r a d i a t e d  samples a t  t h e  same time (8 days of s t o r a g e ) .  

I n  samples inocula ted  wi th  1 x lo4 spores  per  gram of 

type  E, Cf. botulinum some of which were n o t  i r r a d i a t e d ,  

o t h e r s  of which were i r r a d i a t e d  a t  100 o r  200 k i l o  rad, a l l  

of which were s t o r e d  a t  4 5 * ~ ,  t h e  u n i r r a d i a t e d  samples became 

t o x i c  i n  16 days,  the i r r a d i a t e d  samples i n  19 days .  

I n  a prel iminary ourvey i n  which 18 - 50 gram port iono 

of commercially produced haddock f i l l e t s  were cu l tu red ,  none 

of t h e  c u l t u r e s  were found t o  con ta in  t h e  t o x i n  of type E, 

Cl , botullnum, - 
I n  a survey t o  determine t h e  l e v e l  of contamination of 

commercially produced haddock f i l l e t s  wi th  type E, - C 1 .  botulinum 

3'1 - 555 gram samples from 5 d i f f e r e n t  p l a n t s  have been cu l tu red  

by t h e  Most Probable Number technique. Among t h e s e  only  8 

contqined type E, G, botulinum. 

The h ighes t  concent ra t ion  of type E, G. botulinum c e l l s  

found i n  any of t h e  8 contaminated haddock f i l l e t  samples has 

been found t o  be 0 ,I7 p e r  gram o r  17 per  100 grams, 



There is some factor in haddock, and in haddock press 
b 

juice, which tends to destroy the spores of type E, a. 
botulinum during standing. For instance, if the, heat shocked 

spores of this organism are inoculated into haddock press 

juice '(pH found to be 6.7) to provide a concentration of 

1 x lo6 per ml. and this suspCnsion is held at 35OF for 

24 hours, then counted to determine the number of clostridia, 

there is a' de'crease in the number of viable cells to provide 

a count of only about 1 x 103 per ml. 

The thermal destruction time for 10,000 LD50 (mouse) 

units o'f type E, g., botulinum toxin in fish press juice 

( p ~  6.7) has been determined. Approximate times are: 

55 minutes at 140°~,. 11.5 minutes at 150°~, 2,.35 minutes at 

160°F, 0.5 minutes at 170°~, 0.1 minute at 180'~ and 

0.02 minutes at 1 9 0 ~ ~ .  

The temperatures attained at the slowest heating point 

during the deep fat frying of haddockportions and during 
0 

cooling -after removal from the frying medium, have been recorded. 

The 'temperatures. attained during deep fat frying, in the 

sample of haddock reaching the lowest temperatures, have been 

integrated graphically with the thermal destructAon times 

at various temperatures for thetoxin of type E, z. botullnum. 
If it is considered that the heating time required. to 

Inactivate a unit amount of type E toxin at a particular 

temperature would be inoreased tenfold if 10 unit amounts of 

toxin were to be'inactivated, then during the deep fat frying 



and subsequent cooling of haddock (that sample attain'lng the 

lowest temperature) approximately 21 ' - 10,000 LDW mouse units 
of toxin would be inactivated (approximately 47 man lethal 

doses calculated on a weight basis). 

Maunder et a1 .' have f.ound that in buffer at pH 6.0 
approximately 10 times the heating time at a particular 

i7 

temperature is required to inactivate 10 ; ] n i t  amounts of typc 

E, g, botulinum toxin as is required to inactivate one unit 
amount of toxin at this temperature. 

In experiments in this laboratory it has been found 

that when present in haddock'press juice ( p ~  7.05) the relation- , 

ship between heating destruction time at a partlcuYar 

temperature for 10 times a unit amount of type E toxin as 

compared to that for a unit amount of toxin is only 5.5 to 1. 

This provides for an even greater destruction of toxin during 
- 
the cooking of fish, should toxin be present, than was previously 

Indicated, 

In haddock'inoculated with 3000 spores per gram of type E,. 

C1; botulinum, irradiated at 200 kilo rad and held for 42 days - 
at 45'~, the highest titer of toxin which has been found Is 

200 MW50 units per gram, this is equivalent to 22,680 MLD50 

units per 4 oz. serving.   he deep fat frying of haddock 
under standard conditions destroya much more t;oxin than this 

amount. 

In haddock inoculated with 1000 spores per gram of type'E, 

C1. botullnum, irradiated at 200 kilo rad and stored at 75'~ - 



f o r  10  days t h e  h ighes t  t i t e r  of t o x i n  found ( t e s t e d  d a i l y )  

was 2000 MLD50 u n i t s  p e r  gram, equiva lent  . t o  226,800 MLD50 

u n i t s  per  4 oz.  ' se rv ing .  Calculated on t h e  basis t h a t  t h e  

number of minutes requi red  t o  d e s t r o y  one u n i t  of toxin;  t h e  

deep f a t  f r y i n g  of haddock under s tandard condi t ions  would 

des t roy  more t o x i n  than.226,800 MID50 u n i t s .  

The e f f e c t  of pH on t h e  thermal d e s t r u c t i o n  of type E, 

C 1 .  - botulinum t o x i n  suspended i n  f i s h  p ress  j u i c e  has been 

determined. The t o x i n  i s  much more s t a b l e  a t  pH 6 . 0  than 

a t  pH 7 .0  when heated a t  150°F'and much more s t a b l e  a t  pH 7.0 

than  a t  pH 8.0 when heated a t  the same temperature.  

It has been found t h a t  t h e r e  i s  a f a c t o r  i n  haddock 

p ress  ju ice  which decreases  t h e  potency of type E, - C 1 .  botulinum 

t o x i n  when t h i s  m a t e r i a l  'is produced i n  a d i a l y s i s  bag i n  TPG 

b r o t h  and added t o  t h e  f i s h  p ress  j u i c e  without t r y p s i n i z a t i o n .  

If t h e  type E, z. botulinwn t o x i n  m a t e r i a l  i s  first t ryp-  

s in lzed ,  then  d i l u t e d  I n  haddock p r e s s  j u i c e  t h e r e  i s  no 

decrease  i n  t h e  potency of t h e  toxin .  

It has been found that when p resen t  i n  such concent ra t ions  

as t o  provide a . c o u n t  i n  t h e  1:10 d i l u t i o n ,  t h e  c e l l s  of 

type E, z. botuflnum can probably be, i d e n t i f i e d  by growth 

i n  trygticase-peptone-mannose agar  conta in ing  brom thymol 

b l u e  ( a s  a n  i n d i c a t o r  of ac id  production) and incubat ing  at  

45OF. Such C U ~ ~ W ~ S  should be made by t h e  spin- tube.  technique2 

and Incubaeed f o r  approximately 26 days .  Confirmation could be 

made, i f ' n e c e s s a r y ,  by i s o l a t i n g  c e l l s  from acid-producing 



co lon ies ,  c u l t u r i n g  these  i n  a s u i t a b l e  l i q u i d  medium and 

t e s t i n g  t h e  l a t t e r  c u l t u r e  f o r  tox in .  

The spores  of type E, - C 1 .  botulinum have been cu l tu red  

a t  4 5 O ~ ,  a e r o b i c a l l y  and anae rob ica l ly  i n  i r r a d i a t i o n - s t e r i l i z e d  

ground haddock t i s s u e s  without and together  with t h e  c e l l s  

of o the r  b a c t e r i a l  spec ies .  

I n  ae rob ic  c u l t u r e  In which type Ej - 01. b a t u l ~ ~ i u r r ~  alone 

was present  t o x i n  was produced b u t  t h e r e  was no o;tgrowth of 

t h e  organism. I n  ae rob ic  c u l t u r e s  i n  which type E, - C 1 .  botulinwn 

and some o t h e r  organism were p resen t  t h e  fol lowing r e s u l t s  

were obtained: with Streptococcus l a c t i s  t h e r e  was outgrowth 

of t h e  l a t t e r ,  poss ib ly  a s l i g h t  outgrowth of - C 1 .  botulinum 

b u t  no t o x i n  production; with . Streptococcus - f aeca l3s  t h e r e  

was outgrowth of t h e  l a t t e r ,  no outgrowth of - C1. bot i~ lbn~~rn  - 
and no tox in  production; w i t h  Lac tobaci l lus  _ _ . -  vir idescenS the re  

was outgrowth of the l a t t e r ,  no outgrowth of - C1. ---. botu3.3 1 

and no t o x i n  production; with -.- C 1 .  s p o y o ~ e n e s  t h e r e  was ou tc ;~ -o r~  t h  

of n e i t h e r  organism and no t o x i n  production. With Bseudornvnas 

fragi  as well as wi th  Pseudomonas - f luorescens  t h e r e  was 

outgrowth of t h e  Pseudomonas spec ies  i n  each case and a l s o  

outgrowth of - C 1 .  botulinum and t o x i n  production i n  each case .  

With Achromobacter t h e r e  was outgrowth and t o x i n  production, 

b u t  as with - P s .  f luorescens ,  a t  least 20 days a t  45OF were 

requi red  f o r  t o x i n  production, whereas w i t h  - P s .  2 f r a p i  10 days 

a t  45OF were requi red  f o r  outgrowth of SL. b,ot~l inum, type  E 

and tox in  product ion.  



In anaerobic cultures in which these organisms were 

inoculated together as previously indicated there was no. 

outgrowth of a. botulinum and: no toxin production in any 
case and among the other organisms inoculated separately or 

together with the latter organisms only 2. faecalis, - S. lactis 
and h. viridescens grew out. 

It is thus indicated that the type of bacteria which 

causes spoilage. 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, - C1. botulinwn 

in haddock, Moreover, this occurs under aerobic conditions. 

Achromobacter, the spoilage organism of irradiation-pasteurized 

fish, may do the same thing but requires a longer time at 45%' 

to set up conditions for growth of type E, G. botulinum, 

This implies that as far as botulism is concerned, irradiation- 

pasteurized fresh fish products may constitute a' lesser public 

health hazard than fresh fish which are handled in the usual. 

manner, 

It is considered that the irradiation-pasteurization of 

haddock presents no particular public health hazard regarding 

botulism, f o r  the following reasons: 

a) There is no outgrowth or toxin production of type E, 

C1. botulinwn in haddock when inoculated with this organism - 
at high concentrations, irradiation-pasteurized and held 

b) In haddock inoculated with 1 x lo2 spores 6f type E, 

C1. botulinum, outgrowth and toxin production does not occur - 



- 8 -  

when the product is irradiation-pasteurized and held for 

three times the expected storage life at 45'~. 

c) Type E, g. botulinum is usually not present in 

555 gram portions of commercially produced haddock fillets* 

d) The highest concentration of type E, C1. botulinum - 
which has been Round, in those oamplcs sf cormue~wPal haddock 

rillcts whnch contained 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 inactivate . 

a number (about 47) of 10,000 LD50 mouse units of type E, 

C1. botulinwn toxin. - 
f) It has been found that the type of bacteria which 

causes spollage of fresh fish enhances growth and toxin 

production of type E, B. botulinum in fish. These bacteria 

are mostly destroyed by irradiation-pasteurization treatment 

of haddock. 

In a survey to determine the 1evel.of contamination of 

commercially produced shucked soft-shelled clams (from Maa8a- 

chusetts and ~aryland) 3 - 11.1 gram samples and 15 - 555 gram 
samples have been cultured on a Most Probable Number b a ~ i ~  

and tested for type E, - C1. botullnwn toxin. Pour of these 

samples were toxic. In those samples containing toxin, the 

highest cell concentration of type E, a, botulinum indicated 
was 2 per 100 grams or 0.02 per gram. 



METHODS 

Production and Harvesting of Spores for the Inoculation of 

Haddock Fillets 

A portion of 10 m l .  of Trypticase-Peptone-Glucose broth 

containing 0.2% of sodium thloglycollate was inoculated ,with 

the spores of type E, a, botulinum. This suspension was 

heat shocked at 140'~ for 15 minutes, stratified with vaspar 

then incubated at 30°c for about 18 hours.. This culture 

was transferred to 1 0  . m l ,  of the same medium which had 

been preheated, was then stratified and incubated for 24 hours 

at 30°c. The 100 m l .  culture was then transferred to 1 liter 

of the preheated medium which was stratified and incubated 

at 30°c for 72 hoursd 

The spores were recovered by centrifuging 100 m l .  portions 

at 7000 ta 8000 RPM for 20 minutes in a refrigerated centrifuge 

(32'~) . The supernatant was poured off in each case and the 

residue washed with diotilled water then centrifuged, This 

was repeated three times. The final spore crop was finally 

collected in a sterile 50 m l .  bottle to which 20 ml. of sterile, 

distilled water had been added. 

Spores of Beluga, Detroit, 8E and Minneapolis strains 

of type E, s. botulinum were collected separately in this 
manner and held at 32'~ until used. 



Inoculat ion of Haddock F i l l e t s  with Spores of Type E, 

C 1 .  botulinum. 

The spo5es were heat-shocked a t  1 4 0 ~ ~  f o r  1 5  minutes 

a f t e r  which counts were made on TPG agar containing t w o -  

g lyco l la te ,  0.05$ of f e r r i c  c i t r a t e  and .07$ of sodium 

s u l f l t e .  The spin-tube technique was used. The colonies 

were counted and calcula t ions  made a s  t o  what port ion of a 

p a r t i c u l a r  d i l u t i o n  of each s t r a i n  should be inoculated i n t o  

f i l l e t s  t o  provide concentrations i n  the  inoculated product 
4 6 of 1 x lo2, 1 x 10 o r  1 x 10 spores per gram of the  mixed 

s t r a i n s .  The heat-shocked spores were mixed and inoculated 

i n t o  f i l l e t s  with a 0 .5  m l .  tubercul in  syringe and 2* inch, 

22 gauge needle.  I n  inoculat ing,  t he  needle was inser ted  a 

dis tance  of 1* inches through the  long side of the  f i l l e t ,  

be tweenthe  f r o n t  and back, and a s  the  needle was withdrawn 

through a d i s tance  of 3/4 of an inch the  suspension was in jec ted .  

Quant i t i es  of 10 pounds o f f l l l e t s  were inoculated with 

a p a r t i c u l a r  concentration of spores and a f t e r  inoculat ion 

t h e  10-paiirid por t ion  was placed i n  a polyethylene bag, the  

bag sealed and placed i n  a cardboard car ton made t o  hold this 

quant i ty  of product.  The cartons were held a t  3 2 ' ~  u n t i l  the  

product was i r r ad i a t ed ,  within a few hours a f t e r  it had been 

inoculated w i G h  spores. 



/ 

I r radia t&on and Storage of Inoculated F i l l e t s . .  

For doses of 150 and 250 k i l o  rad the  boxes of f i l l e t s  

were merely placed In  the  center  i r r a d i a t i o n  chamber of the  

Mark I co60 source, t he  chamber lowered i n t o  the  well  and 
\ 

allowed to .  remain there  f o r  the  time required t o  provide the  

required dose. Due t o  the  longer time required, when a dose 

of 350 .k i lo  rad was applied, the  cartons i n  the  center  

i r r a d i a t i o n  chamber were surrounded with crushed i c e  during 

i r r a d i a t i o n  treatment. After i r r ad i a t ing ,  the  cartons were 

placed i n  storage a t  33, 35, 40 o r  4 5 ' ~  u n t i l  t es ted  f o r  

toxin. 

The concentrations of spores of mixed s t r a i n s  of type E, 

C 1 .  botulinwn per gram of f i s h  f l e s h  used f o r  inoculation, - 
t he  i r r a d i a t i o n  doses applied and the  s torage temperatures 

and times used a f t e r  i r r a d i a t i o n  and before t e s t i n g  f o r  toxin  

a r e  l i s t e d  i n  the following: 

Storage 
Time 

Inoculum ( normal Additional 
Level I r r a d i a t i o n  Storage storage Storage 

( spores Dose l i f e  i n  Time 
p e r  gram) (rad.) days) (days) 



continued 
Storage . 
Time 

Inoculum ( normal Additional 
Level \ Irradiation Storage storage Storage 

( spores Dose Tern . life in Time 
per gram) (rad .) ( OFT days) ( days ) 

102 1~0,000 35 13 go 120 

3 150, ooo 35 13 go 120, 
150,000 35 a. 3 30 lro 

lop 2 50, uuq. 35 21 po 120 
3s 21 go 120 e50,ooo 

250,000 35 21 90 120 
3 50,000 35 30 go 120 
350,000 35 . ,  30 go' 120 
350,000 35 30 go 120 

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% trypsln to 1.0 ml, of drip) at 98.6% for 45 minutes 



then centrifuged (32°F) at 8000 RPM for 10 minutes, the 

centrifuged supernatant was diluted 1:10 with gel-phosphate 

buffer (0.4s Na2HP04 and 0.2% gelatin in 1000 ml. distilled 

H20; adjusted to pH 6.2). This was injected intraperitoneally 

into unprotected mice and'into mice protected with type E, 

C1. botulinum antitoxin. Untrypsinized drip liquid was also 
7 

injected and in this case the drip was centpifuged (as above) 

and diluted 1:10 in gel-phosphate buffer prior to injectfon. 

Foreach 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 

Shelled Clams for the Presence of Type E, C1. botulinwn. 

The haddock fillets or clams were ground with a sterile 

hand grinder, mixed and placed in *reheated and cooled TPG 

broth containing 0.2s of sodium thioglycollate. The medium 

was stratified with vaspar and incubated at 8 6 O ~  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 cultured in five lOU0-ml. pwx~Lions of mediumj 

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 or ground haddock fillets or clams. Thas was the 



case  with a l l  bu t  3 samples of clams i n  whiuh case 10, 1 and 

0.1-gram samples were cu l tu red ,  t h e  t o t a l  sample c o n s i s t i n g  

of 11.1 grams. Each c u l t u r e  was t e s t e d  f o r  tox ins  by mouse 

i n j e c t i o n .  I n  t h i s  cake t h e  c u l t u r e s  were f i r s t  cent r i fuged,  

the supernatant  t ryps in ized ,  d i l u t e d  1 : 10 i n  gel-phosphate 

b u f f e r  and i n j e c t e d .  Non-trypsinized, 1:10 d i l u t i o n s  i n  ge l -  

phosphate b u f f e r  were a l s o  i n j e c t e d .  Otherwise t h e  t e s t  was 

made i n  t h e  manner previous ly  i n d i c a t e d .  

Anaerobic and Aerobic Counts on Inoculated,  I r r a d i a t e d  and 

Unir radia ted  and Stored F i s h  F i l l e t s .  

D i lu t ions  of t h e  f ' i s h  p ress  ju ice  were cu l tu red  i n  TPG 

agar conta in ing  0 . 2 s  sodium t h i o g l y c o l l a t e ,  0.05s f e r r i c  

c i t r a t e  and 0.07s sodiwq b l s u l f i t e  and. 0.95% of sodium bioar--  . . 

bonate  ( s t e r i l e  s o l u t i o n )  . The TSII ji spin- tube technique 

was used, t h e  inocula ted  l i q u i d  agar being spun i n  a colctg 

water ba th  t o  provide a l a y e r  of medium around t h e  i n s i d e  of 

t h e  tube; The c o t t o n  s topper  was pushed i n ,  1 gram of 

p y r o g a l l i c  a c i d  powder and 1 m l .  of 208 sodium carbonate  added 

on top  of t h e  s topper ,  a rubber s topper  i n s e r t e d  and t h e  tube 
\ 

Inver t ed .  Cul tures  were incubated a t  86% and counts were 

made a f t e r  18, 24 and 36 hours. Black colonies  were considered 

t o  be i n d i c a t i v e  of c l o s t r i d l a .  

I n  rnalcing aerobic '  counts t h e  d i l u t e d  d r i p  l i q u i d  was 

s u r f a c e  p la ted  on Eugon agar .  P l a t e  c u l t u r e s  were incubated 

f o r .  5 days a t  6 8 9  before  colony counts were made. 



Test  t o  Determine the  Effect  of F i sh  Press Juice  on the 

Spores of Type E, C 1 .  botulinum. 

F i sh  press  juice was obtained by f reezing and thawing 

ground. haddock f i l l e t s .  This was heated t o  158'~ and f i l t e r e d  

through cheesecloth. About 25% of the  s o l i d s  ,were resuspended 

i n  the.  broth  and blended wi th  .it. This was placed i n  tubes 

and .autoclaved f o r  purposes o f . s t e r i l i z a t i o n ' .  

The spores of 8E and Minneapolis s t r a i n s  of type E,, 

C 1 .  botulinum were heat-shbcked , ( 1 4 0 ? ~  f o r  15 minutes) and - .  

counts . , were made on TPG agar containing 0.2% sodium thio-  

g lyco l la te  which was s t r a t i f i e d  with 2 s  agar.  Cultures were 

incubated a t  86 '~.  When the  counts had been made a tube of 

s t e r i l e  f i sh-press  juice was inoculated wLth such d i lu t i ons  of 

spores a s  t o  contain approximately 1 x lo6 per m l .  M$nneapolis 

and 8E s t r a i n s  of type E, - C 1 .  bofulinum were inoculated i n t o  

separa te  tubes of f i s h  p r e s s . j u i c e  and both were placed a t  

35'~. After 24, hours a t  t h i s  temperature, counts were again 

made on . the  f i sh-press  ju ice  as indicated above. 

Determination of the  Thermal Destruction Time of Type E, 

C 1 .  botulinum Toxin. 

One m l .  of a mtxture of the  heat-shocked spores of 8 ~ ,  

Minneapolis, De t ro i t  and Beluga s t r a i n s  of type E, - C 1 .  botulinum 

. was inoculated i n t o  100 m l .  of preheated TPG medium with 

th iog lyco l la te .  This was s t r a t i f i e d  with vaspar and incubated 

a t  8 6 O ~  f o r  3 days. This cu l tu re  was centrifuged f o r  20 minutes 

a t  8000 RPM i n  a re f r igera ted  centr i fuge and the  supernatant 



c o l l e c t e d  i n  a s t e r i l e  f l a s k  and held a t  3 5 O ~  u n t i l  used. 

Por t ions  of t h e  supernatant  were t ryps in ized ,  d i l u t e d  i n  f i s h  

p r e s s  j u i c e  and allowed t o  s tand  a t  3 5 ' ~  f o r  s e v e r a l  hours .  

This  was d i l u t e d  i n  gel-phosphate b u f f e r  and i n j e c t e d  i n t r a -  

p e r i t o n e a l l y  i n t o  pro tec ted  and non-protected mice. S i x  

non-protected mice were used i n  each case and c a l c u l a t i o n s  

were made from t h e  d i l u t i o n  a.t whlch 508 of t he  unprqtectcd 

mice d ied  t o  o b t a i n  t h e  LD50. I n  f i s h  p ress  juice t h e  

concent ra t ion  was 10,000 LD50 u n i t s  of tox in .  I n  t h i s  form 

i t  was heated f o r  var ious t i n e s  and temperatures a f t e r  which 

0.5 m l .  of t h e  heated then  t ryps in ized  m a t e r i a l  was i n j e c t e d  

i n t o  3 non-protected mice and one p ro tec ted  , mouse and dea ths  

recorded.  The time of hea t ing  a t  a p a r t i c u l a r  temperature a t  

which no dea ths  occurred was considered t o  be t h e  i n a c t i v a t i o n  

t ime.  The spread 1.n hoat ink times a t  whiah dea ths  occurred and 

t h a t  a t  which no dea ths  occurred was 0.5 t o  10 minutes. A 

curve was drawn on semi-log paper i n  which temperature was 

p l o t t e d  on the a b s c i s s a  and time on t h e  ordinate ( l o g  oohle) .  

Determination of the  Temperatures Attained i n  Haddock Port ions 

During Deep F a t  Frying and Subsequent Cooling. 

Port ions of haddock f i l l e t s  were c u t  t o  such a s i z e  

t h a t  9 oz.  of f i s h  o~ould be cooked i n  one g a l l o n  of o i l  .. 

A thermocouple, a t tached t o  a continuous temperature recorder ,  . 
\$!as i n s e r t e d  i n t o  t h e  c e n t e r  of the  t h i c k e s t  p o r t i o n  of t h e  

p i e c e  of f i s h  and t h e  p o r t i o n  was placed i n  011 a t  375'~. 



The temperature of the interior of the fish was recorded 

continuously during cooking and cooling. The maximum fish 

thickness 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 after the maximum temp- 

erature had been attained, the temperature was recorded during 

cooling down to a temperature of 140~~. 

Integration of.the Time-Temperature Effect on the Destruction 

of Type E, Cl. botulinum   ox in. 

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 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 LD50 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 Cartesian coordinates in which 

the destruction rate (for toxin) per minute was plotted on 

the ordinate and the time of heating on the abscissa. Since 

one unit on the ordinate was equivalent to the destruction.of 

two-tenths of 10,000 LDw units ~f toxin and one unit on the 



a b s c i s s a  equal  t o  one minute, one square under the  curve 

was equiva lent  t o  t h e  d e s t r u c t i o n  of 0.2 x 1 o r  (0 .2  x 10,0003 

= 2000 LDSO u n i t s  of tox in .  That being t h e  case 1/0.2 o r  

5 squares  under t h e  curve would be equiva lent  t o  t h e  

d e s t r u c t i o n  of 10,000 LD50 mouse u n i t s  of tox in .  

Toxin Concentrat ion i n  Haddock F i l l e t s  Inoculated with Typ 
..., ..... e E .- 

C l .  botulinwn, I r r a d i a t e d  a t  200 Kilo Rad and Held a t  4 5 ' ~  

. \ .  
The f i l l e t s  were c u t  i n t o  50 gram por t ions  and inocula ted  

w i t h  type  E, - C1. botulinum t o  con ta in  a -  concent ra t ion  of 1000 

spores  p e r  gram. Inocu la t ion  was c a r r i e d  out  by i n j e c t i o n  

wi th in  t h e  f l e s h  with hypodermic needles .  Inoculated por t ions  

were placed i n  polyethylene bags, the  bags sea led ,  placed l.n 

ca r tons  and ' i r r a d i a t e d  i n  t h e  Mark I COG() source t o  a. dijosage 

of 200 l d l o  rads. 

Afte r  i r r a d i a t i o n  some samples were held a t  7 5 O ~ ,  o t h e r s  

a t  45'~.  Samples were t e s t e d  f o r  t o x i n  t i t e r ,  aerohlr. n.nd 

c l o s t r i d i a l  countk. Toxin t i t e r  determinat ions were made on 

t h e  ground f i s h  d i l u t e d  wi th  b u f f e r  previous ly  descr ibed .  

Aerobic counts  were made by su r face  p l a t i n g  on Eugon agar  

wi th  0.5s y e a s t  e x t r a c t ,  a f t e r  incubat ing  f o r  5 days a t  68'~. 

C l o s t r i d f a l  .counts were made.by c u l t u r i n g  i n  TPG agar  wi th  

f e r r i c  c l t r a t e ,  0.0'7% sodium s u l f i t e ,  0.05% of s t e r i l e  ( f i l t e r e d  

s o l u t i o n )  sodium bicarbonate  and 0.2%. of sodium t h l o g l y c o l l a t e .  

The medium was melted and poured i n t o  Mi l l e r -Pr i cke t t  tubes 
I 



a f t e r  the  inoculum had been added and was s t r a t i f i e d  with 

2 s  agar containing 0.2% of sodium th iog lyco l la te  . Cultures 

were incubated a t  8 6 ' ~  and counts were made a f t e r  18, 24 

and 36 hours. Black colonies were cansidered t o  be ind ica t ive  

of c los  tridla. 

Samples held a t  7 5 ' ~  were t es ted .  f o r  tox in  and examined 

f o r  aerobic b a c t e r i a  and c l o s t r i d i a '  da i ly .  The same t e s t s  

were made e v e y 7  days on samples held a t  45'~. 

Production o f ' ~ 1 g h  T i t e r  Type E, C 1 .  botulinum Toxin. 

The following l i q u i d  media were inoculated w i t h  spores 

of the  8E s t r a i n  of u. botulinum: TPG wi th  th iog lyco l la te  

and 0.5% glucose, TPG with th iog lyco l la te  and 0.15 glucose, 

b r a in  hear t  infus ion bro th  with th fog lyco l la te  and 0.25 glucose, 

and l i v e r  b ro th  ( p ~  7.2). After incubation a t  7 5 ' ~   for 6 days 

the  various media were t e s t ed  f o r  toxin t i t e r  i n  the  regu la r  

manner. 

Since TPG medium with th iog lyco l la te  and 0.1% glucose 

gave the  highest  t i ter  an attempt was made t o  obta in  a higher 

t i t e r  by growing a mixture of t he  four  s t r a i n s  of type E, 

C 1 .  botulinum i n  t h i s  medium i n  a ce l lu lo se  bag containing - 
70 m l .  of mediwn immersed i n  a f l a s k  containing 1 . 5  l i t e r s  

of medium. The l i q u i d  medium could dia lyze  through the  bag 

bu t  c e l l s  and toxin  could not .  The cu l tu re  was centrifuged, 

d i lu ted ,  t rypsinlzed and then t e s t ed  f o r  toxin  concentrat ion 

i n  the  usual manner. When the  cu l tu re  mater ia l  was d i lu t ed  



I n  fish press juice, then trypsinized to test for toxin, it 

was found that the toxin had a titer of 1000 mouse units. 

However, when trypsinized and then diluted in fish press juice 

to test for toxin, the titer was 500,000 mouse units. 

Strain 8E, type E, - C1. botulinum was next cultured in 

dialysis bags containing 70 ml. of media immersed in a flask 

containing 1& liters of medium. The medium in this case 

consisted of TPG broth (1s =lucose) with thloglycollate, the 

trypticase, peptofie, and glucose and thioglycollate being 

dissolved in a haddock extract (1 liter of distilled water to 

1 pound of haddock, simmered for 30 minutes and filtered 

through cheesecloth). Incubation was carried out at 75'~ 

and tests were made for toxin by diluting in fish' press juice 

then trypsinizing, and injecting into mice. This material 

diluted in fish press juice had a titep of 500,000 T11?50 rnnlrs-e 

units after 8 days of incubation and the fish press juice 

used for dilution did not lower the titer. This material 

was used to determine the effect of concentration of toxin 

on hcat inactlvabion time. 

Effect of Toxin Concentration on Heat-Inactivation Time. 

Starting with a 500,000 LD50 mouse unit concentration 

of toxin regulated to pH 7.05 the concentration was diluted 

with sterile TPG-haddock press juice broth to obtain concen- 

trations of 50,000, 5,000 and 500 LDSO mouse units. All of 

these concentration of toxin were placed in capillary tubes, 

heated for various times at 150°~, then trypsinized and tested 



for toxin in the usual manner without further d'ilution. An 

inactivation curve was then drawn in which the inactivation 

time was plotted on the log scale against toxin titer on the 

Carteisan coordinate. 

Effect of pH on the Heat-Inactivation Time of Type E, C1. 

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 

p~ and was adjusted to p~ 7-05 and 8.10 with 20% sodium 

hydroxide solution. The thermal inactivation time' at 150'~ ' 

was determi~d at each' of the adjusted pH's in the usual 

manner. A curve wa.s t'hen drawn in which inactivation time was 

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

Development of Methods to Determine Type E, C1. botulinum 

In Foods When Present in Sufficient Concentrations. 

Pure cultures of 8E, Detroit, Minneapolis and Beluga 

strains of type E, - C1. botuinum were cultured on trypticase- 

peptone-mannose (1%) agar with 0.2% of sodium thioglycollate. 

This medium contained as acid indicators, 2.4 PPM of neutral 

red, or 8 PPIq of brom thymol blue., brom cresol purple or 

methyl red., t s  detect acld formation from mannose. 

Cultures were made by the spin tube technique and 

anaekobiosis was obtained by adding solid pyrogallic acid 

on top of the pushed in cotton stopper, adding 20% sodium 



carbonate  s o l u t i o n  t o  t h i s ,  s topper ing  t h e  tube with a rubber 

s topper  and i n v e r t i n g  t h e  tube .  Cul tures  were incubated a t  

4 5 ' ~  and observed f o r  co lonies  producing ac id  as ind ica ted  

by a change i n  t h e  co lo r  of t h e  dye. 

Ef fec t  of t h e  Growth of  Other Bac te r i a  on Growth and Toxin 

Production by Type E, C1. botulinwn. 

Haddock f i l l e t s  were grsund, placed i n  imgervious 

con ta ine r s  and s t e r i l i z e d  wi th  an i r r a d i a t i o n  dose of 4 .0 

megarad i n  t h e  co60 source.  This  m a t e r i a l  was held f o r  24 

t o  48 hours a t  36 t o  4 0 ' ~  t o  obvia te  any e f f e c t  of t h e  

i r r a d i a t i o n  t reatment  on t h e  g r o u n d . f i s h  which might inf luence  

t h e  growth of b a c t e r i a  i n  t h i s  m a t e r i a l .  3 

Por t ions  grams now placed p l a s t i c  bags 

and inocula ted  and mixed wi th  t h e  D e t r o i t  s t r a i n  of type E, 

Clostr idium botulinwn, Streptococcus l a c t i s ,  Streptococcus 

f a e c a l i s ,  Lac tobac i l lus  v i r idescens ,  Clostrfdium sporogenes, 

Pseudomonas f r a g i ,  Pseudomonas f luorescens ,  o r  t h r e e  mixed 

s t r a i n s  of ,A.chromob.acter, ( ~ h e s e  Achromobacter c u l t u r e s  

were obtained from D r .  J .  S .  Lee, Oregon S t a t e  Univers i ty ,  

who i s o l a t e d  them from spo i l ed ,  i r r a d i a t e d  dover s o l e  .) 

Cul tu res  of' t h i s  type were a l s o  prepared i n  which one of each 

of the  o t h e r  organisms was inocula ted  (approximately t h e  same 

c e l l  concen t ra t ion  of each) t.ogether wi th  t h e  D e t r o i t  s t r a i n  / 

of type E, - C 1 .  botullnum. 



~ h e s e  cu l tu res  were incubated aerobical ly  a t  4 5 ' ~  and 

t e s t s  were made f o r  toxin together with aerobic and c l o s t r i d i a l  

counts a f t e r  0, 1, 5, 10, 20 and 30 days. 'Aerobic counts f o r  

P.  f r a g i  and P. f luorescens o r  Achromobacter were made by - - 
surface p l a t i ng  on Eugon agar with 0 .5s  yeas t  ex t r ac t  incubated 

5 days a t  6 8 O ~ ,  and f o r  - S. l a c t i s ,  - S. f a e c a l i s  and - L. - v i r i -  

descens by surface  p l a t i ng  on APT agar incubated a t  6 8 O ~  f o r  

5 days. C los t r i d fa l  counts were made by the  spin  tube method 

on TPG agar containing 0.2% of sodium th iog lyco l la te ,  0.05% of 

f e r r i c  c i t r a t e  and 0.07% of sodium s u l f i t e .  The cu l tu res  were 

made anaerobic with pyrogal l ic  ac id  and sodium carbonate 

so lu t ion  and were incubated a t  30'~. Counts f o r  black colonies 

were made a f t e r  24, 48 and 72 hours. For anaerobic counts i n  

samples i n  which Achromobacter and type E, - C 1 .  botulinum were 

inoculated together ,  t he  same medium was used i n  Mil ler -Pr icket t  

tubes. The medium was s t r a t i f i e d  wfth 2$ agar containing 

th iog lyco l la te .  

Anaerobic cu l tu res  f o r  each individual  organism and 

f o r  type E, - C 1 .  botulinum together  with each of the  o ther  

organisms I n  ground, p re -s te r i l i zed  haddock, were prepared 

as follows: port ions of 10 grams of ground f i s h  i n  a s t e r i l e  

g lass  tube, were inoculated with one organism alone o r  with 

type E, g. botulinum together  with one of the  o ther  b a c t e r i a  

and then mixed. A s t e r i l e  p l a s t i c  "dispo" plug was then shoved 

i n t o  the tube, s o l i d  pyrogal l ic  acid and 20s  odium carbonate 

added and the  tube plugged with a rubber stopper.  It was 



unnecessary t o  i n v e r t  thc t ube ,  Tubes were incubated a t  

45 '~ .  Tes ts  f o r  tox in  and aerobic  and anaerobic b a c t e r i a l  

counts were made a f t e r  0 ,  1, 5, lo ,  20 and 33 days of incu-  

I n  t e s t i n g  f o r  tox in  t h e  l i q u i d  from the  ground Cish 

c u l t u r e  was d i l u t e d  1:10 In gel-phosphate b u f f e r ,  t ryps in ized  

and IkiJected l n t r a p e r i t o n e a l l y  i n t o  3 1.1nprot.e~ t e d  and one 

p ro tec ted  mouse. The 1:10 d i l u t i o n  of t h e  c u l t u r e  1.Iquid 

was a l s o  i n j e c t e d  i n t o  2 unprotected mice without t ryps ln -  



RESULTS AND DISCUSSION 

The r e s u l t s  of t o x i c i t y  t e s t s  and of aerobic and c l o s t r i d i a  

b a c t e r i a l  counts on haddock, uninoculated and i r r ad i a t ed  o r  

inoculated with type E, - C 1 .  botulinwn and i r r ad i a t ed ,  both 

of which were s tored a t  33, 35, 40 o r  45O~,  a r e  l i s t e d  i n  

Tables 1, 2 and 3. It is  evident from the  r e s u l t s  t h a t  no 

uninoculated sample became toxic  during holding periods 

equivalent t o  th ree  times the  s torage l i f e  of the  i r r ad i a t ed  

(150, 250 o r  350 k i l o  rad)  product a t  any of the  above temp- 

eratures, 

I n  product inoculated with mixed s t r a i n s  of type E, - C 1 .  

6 botulinun ( l e v e l s  of 1 x lo2, 1 x lo4 o r  1 x 10 spores per 

gram) none of the  i r r ad i a t ed  products became toxic  i n  th ree  

times the  i r r a d i a t e d  s torage l i f e  a t  33, 35 o r  40'~. 

I n  products inoculated with spores of type Ej - C 1 .  botulinum, 

i r r ad i a t ed  and held a t  45O~,  f i l l e t s  inoculated with 1 x102 

spores per  gram d id  !lot become tox ic  i n  t h ~ e e  times the  i r rad-  

i a t ed  storage l i f e .  Product inoculated with 1 x 10' o r  

. 6 .  1 x 10 spores per  gram and i r r ad i a t ed  became tox ic  i n  e i t h e r  

th ree  times the  i r r a d i a t e d  sto'rage l i f e  ( 1  x lo4 spores per  

gram) o r  i n  the  normal i r r ad i a t ed  s torage , l i f e  time ( 1  x lo6 
spores per  gram). However, two things should be noted: 

a )  t h a t  excepting i n  one case, when samples became tox ic  

the  .spore, count never reached the  l e v e l  which the  f i i l e t s  

were o r ig ina l ly  inoculated t o  contain, and b)  the  highest  



- 26 - 
l e v e l  of contamination with type E, - C 1 .  botulinum t h a t  has 

been found i n  commercial haddock f i l l e t s  has been 0.17 per  . 

gram. The l e v e l ,  t he re fo re ,  of 1 x lo2 pe r  gram ( t h e  loviest 

l e v e l  used f o r  indcLlat ion)  i s  more than  100 times t h e  con- 

t a m i n a t i o n l e v e l . w h i c h  may be expected i n  commercial haddock . 

f i l l e t s  and none of the  product inocula ted  a t  t h i s ' l e v e l  

i r r a d i a t e d  and s t o r e d  a t  33, 35, 40 o r  45% has become tox ic  

i n  t h r e e  times t h e  i r r a d i a t e d  s to rage  l i f e  a t  any of the 

tempe'ratures ind ica ted .  

The r e s u l t s  of t o x i c i t y  t e s t s  on haddock inocula ted  
4 G w i t h  1 x 10 o r  f x 10 spores  per  gram of type E, - C 1 .  botulinum 

and held a t  4 5 ' ~  without i r r a d i a t i o n  t reatment  o r  a f t e r  

i r r a d i a t i n g  at  100 o r  200 k i l o  r ad  a r e  l i s t e d  i n  Ta.hl.e 4 .  

It i s  evident  t h a t  while i r r a d i a t e d  and u n i r r a d i a t e d  samples 

inocula ted  a t  a l e v e l  of 1 x lo6 spores  p e r  gram became t o x i c  

i n  t h e  same period of time, i n  samples inocula ted  a t  a l e v e l  
4 of 1 x 10 spores  p e r  gram t h e  u n i r r a d i a t e d  samples hecame 

t o x i c  i n  a s h o r t e r  s to rage  time than  d i d  t h e  i r r a d i a t e d  s m g l e s .  

Since,  i n  t h e  past, samples have become t o x i c  wit.ho11t. 

outgrowth of spores  t o  t h e  l e v e l  a t  which they  were o r i g i n a l l y  

inocula ted ,  i t  may be p o s s i b l e  that a t  h igh  l e v e l s  of inocu- 

l a t i o n  p r o t e o l y t i c  enzymes, i n  t h e  f i l l e t s  themselves o r  

produced by t h e  growth of o t h e r  psychrophi l ic  b a c t e r i a ,  a c t i v a t e  

r e s i d u a l  t o x i n  precursor  i n  t h e  spores  and cause t o x i c i t y .  



The results of tests to determine the presence of 

type E, g. botulinum in commercially produced haddock fillets 
are tabulated in Tables 5 and 6. It is' evident that among 

34 555-gram samples only 8 have been found to contain this 

organism. It is also evident $hat when contaminated with 

type E, z. botulinum the' concentration of this organism 
in haddock fillets is very low. 

Counts on haddock press juice held 24 hour's at 35'~ 

after inoculation with type E, - C1. botulinum, are listed in 

Table 7. It is evident that compared to the numbers inoculated 

there has been a decrease to approximately one thousandth 

of the numbers inoculated. 

The curve for thermal destruction time at various 

temperatures for 10,000 LD50 units of type E, - C1. botulinum 

toxin in fish press juice is shown in Figure 1. In Table 8 

the temperatures attained in four different samples during 

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 LD50 units of toxin 

at these particular temperatures and the destruction rates 

(l/destructlon time in minutes) for these temperatures has 

been made in Table 9 .  

In Figure 2 the curve integrating destruction rates 

with t l m e  of heating or cooling during cooking, has been 

drawn. According to this curve one unit on the ordinate is 



e q u i v a l e n t  t o  t h e  d e s t r u c t i o n  of  0 .2  x 10,000 LD50 niouse 

u n i t s  of t o x i n  and one u n i t  on t h e  a b s c i s s a  i s  e q u i v a l e n t  t o  

1 minute .  One squa re  under t h e  curve i s  t h e r e f o r e  equ iva l en t  

t o  t h e  d e s t r u c t i o n  of 0 . 2  x  1 x 10,000 u n i t s  of t o x i n  

and 1/0.2 o r  5 squa re s  under t h e  curve . a r e  e q u i v a l e n t  t o  t h e  

des t ruc ' t i on  of 10,000 LDriC, u n i t s  of t o x i n ,  Th1.s ,a.rc?a, 
I 

e q u i v a l e n t '  t o  t h e  d e s t r u c t i o n  of 10,000 LD50 mouse u n i t s  of 

t o x i n ,  has been cross-hatched under t h e  curve .  On a weight 

basis 5000 LD50 mouse u n i t s  of t o x i n  i s  about  one man l e t h a l  

dose .  The t o t a l  area under t h e  curve  'is about  e q u i v a l e n t  

t o  t h e  d e s t r u c t i o n  of  21 - 10,000 LD50 mouse u n i t s  o r  42 man 

l e t h a l  doses .  Ordinary deep  f a t  f r y i n g  o f  haddock would, 

t h e r e f o r e ,  d e s t r o y  c o n s l d w a b l e  amounta of  t ype  E, - C 1 .  

botulinunl t o x i n ,  were t h i s  m a t e r i a l  p r e s e n t .  - 
It should be pg in t ed  o u t ,  however, t h a t  . t h e  above 

c a l c u l a t i o n s  have been based on t h e  f i n d i n g s  of Maunder 
1 

e t  a l .  which i n d i c a t e  that a t  pH 6.0, i n  b u f f e r ,  i t  l lequires  

10 t imes a u n i t  a m ~ n t  of h e a t i n g  a t  a p a r t i c u l a r  t e r p e r a t u r e  

t o  destyoy 10 t imes  a u n i t  amount of  t o x i n .  I n  o u r  work i n  

t h i s  Jab3r8akory in fish p r e s s  j u i c e  a t  pH 6 .7 ,  I t  has' been 

found t h a t  only about  5 . 5  t imes a u n i t  amount of h e a t i n g  

I s  r e q u i r e d  i;9 d e s t r o y  10 t imes a u n i t  amount 'of t o x i n  

( ~ i g u r e  3 ) .  Ti:is m a n s  t h a t  d u r i n g  t h e  deep  f a t  f r y i n g  of 

hac?docl:, as cnlcu1at;ed p rev ious ly ,  about  38 x 10,000 

mouse u n i t s  of type  E,  - C 1 .  botullnum t o x i n  would be  des t royed  



The amounts of tox in  produced i n  haddock f i l l e t s  inocu- 

l a t e d  wi th  1000 spores  pe r  gram of type E, - C 1 .  botulinum 

I r r a d i a t e d  a t  200 k i l o  rad  and s to red  f o r  42 days a t  4 5 ' ~  

a r e  l i s t e d  i n  Table 12 .  Since a t  $ 5 ' ~  0.5 m l .  was t o x i c  

i n  t h e  1:100 d i l u t i o n ,  1 gram of t i s s u e  would conta in  

200 MLD50 u n i t s  of tox in .  

The amounts of tox in  produced i n  haddock f i l l e t s  inocu- 

lated with 1000 spores  pe r  gram of type E, - C 1 .  botulinum 

I r r a d i a t e d  a t  200 k i l o  r a d  and s t o r e d  a t  7 5 ' ~  f o r  10  days 

a r e  l i s t e d  i n  Table 13. Since a t  7 5 ' ~  0.5 m l .  was t o x i c  i n  

t h e  1:1000 d i l u t i o n ,  1 gram of t i s s u e  would conta in  2000 

u n i t s  of tox in .  

It should be noted t h a t  i r r a d i a t i o n  wi th  200 k i l o  r a d  

would probably reduce t h e  spore  concent ra t ion  i n  t h e  f i s h  
, 

t o  about 100 per  gram a t  t h e  start s i n c e  t h e  D value i s  about 
' 140,OQO and t h e r e  i s  a shoulder  on t h e  curve which causes 

the first  log  cyc le  r educ t ion  t o  be g r e a t e r  than  140 k i l o  rad .  

The e f f e c t  of pH on t h e  d e s t r u c t i o n  t i m e  of type E, 

C l .  botulinum t o x i n  i n  f i s h  p ress  j u i c e  i s  ind ica ted  i n  - 
Figure  4. According t o  t h i s  curve, 50,000 LDgO mouse u n i t s  

of t o x i n  a t  pH 6.0 a r e  destrioyad i n  about 340 minutes, a t  
* 

pH 7.0 i n  about 130 minutes and a t  pH 8.0 i n  29 minutes, I 

when hea t ing  i s  . . c a r r i e d  ou t  a t  150'~. The t o x i n  i s  much 

l e s s  s t a b l e  t o  hea t ,  t he re fo re ,  a t  t h e  higher  pH l e v e l s .  

Moreover, t h e r e  appears t o  be a change $n t h e  s lope  of  t h e  

curve a t  about pH 7.0, t h e  s lope  of t h e  curve decreas ing  

above this  pH. 



It has been found t h a t ,  when present  i n  numbers s u f f i c i e n t  

t o  be cu l tu red  i n  t h e  1:10 d i l u t i o n s ,  t h e  spores  of type E, 

C 1 .  botulinum can be s e l e c t e d  from some o t h e r  types of . - 
c l o s t r i d i a  by growth under anaerobic condi t ions  ( s p i n  tube . 

method) a t  4 5 O ~  i n  Trypt icase  Peptone Mannose agar  conta in ing  

sodium t h i o g l y c o l l a t e  and a s u i t a b l e  dye t o  i n d i c a t e  a c i d .  

Absolute i d e n t i f i c a t i o n  would r e q u i r e  i s o l a t i o n  from t y p i c a l  

co lonies ,  growth i n  l i q u i d  medium and t e s t i n g  f o r  t o x i n  by 

mouse I n j e c t i o n .  

The r e s u l t s  of  t e s t s  t o  i n d i c a t e  the  presence of type Ey 

C 1 .  botulinwn when grown i n  b a c t e r i o l o g i c a l  media a r e  l i s t e d  . - 
i n  Table 12.  

B a c t e r i a l  counts and t o x i c i t y  t e s t s  on ground, i r r a d l a t l o n -  

p r e s t e r i l i z e d  haddock inocula ted  with var lous b a c t e r i a  a lone 

o r  with typc E, - C 1 .  ba tu l inun  togebller w l l ; l i  another  organism 

then  held a t  45%' f o r  per iods  up t o  30 days a r e  l i s t e d  i n  

Table 13. The o t h e r  organisms used were: - S.  f a e c a l i s ,  - S, 
l a c t i a ,  &. vir idesoena,  - C 1 .  oporogencs, - P s .  f r a g i  and - Ps. 

f luorescens  and mixed s t r a i n s  of Achromobacter. Cul tures  were 

Incubated both  a e r o b i c a l l y  and anaerobica l ly .  

Toxin was produced under aerobic  condi t ions  i n  c u l t u r e s  

conta in ing  - C 1 .  botulinum alone b u t  t h i s  requi red  35 days a t  

4 5 ' ~  and t h e r e  was no outgrowth of t h e  organism. The only 

o t h e r  aerobic  c u l t u r e s  conta in ing  t o x i n  .were those  i n  which 

b o t h  g. botulinum, type E and e i t h e r  - Ps . f r a g i ,  f  luorescens 



o r  Achromobacter (mixture of th ree  i s o l a t e s  of ~chromobacter)  

were inoculated i n t o  the f i s h  t i s s u e s  as a mixed cu l tu re .  

Together with E. fragi, type E, - C 1 .  botulfnum produced toxin  

i n  10 days a t  45'~; with - Ps . fluorescens, type E, g. botulinum 

produced toxin i n  20 days; with Achromobacter, type E, G. 

botulinum produced tox in  i n  one instance i n  20 days and i n  

another ins tance  i n  30 days; I n  a l l  instances of toxin i n  

mixed cu l tu re  samples ( type E, with Pseudomonads o r  ~chromobacter) 

t he re  was outgrowth of the  aerobic orgmfsm and some outgrowth 

of type E, - C 1 .  bo tu l inm.  It can be seen from Table 11 t h a t  

when oubgrowth and toxin  production occurred i n  mixed cu l tu re  

samples the  aerobic count was approximately 100,000,000 per 

gram. The reason why outgrowth and tox in  production by 

type E, z. botulinum eventual ly occurs i n  such mixed cu l tu res ,  

however, appears not  t o  depend s o l e l y  on the  c e l l  concentration 

of aerobes (Pseudomonas o r  ~chromobacter)  sfnce a l l  of these 

organisms appear t o  grow i n  haddock t i s s u e s  a t  approximately 

the  same r a t e ,  

' Pseudomonas fragi i s  the  type of organism which s p o i l s  

f r e s h  f i sh4  and Achromobacter is  probably the  type o f  

organism t h a t  s p o i l s  lrradlatiotl-pasteurized f i s h .  Also 

it i s  a f a c t  t h a t  i r radia t ion-pas teur ized f i s h  cannot be held 

a t  4 5 ' ~  f o r  two times the storage l i f e  of f r e s h  f i s h  a t  this 

temperature, without becoming spoiled p r i o r  t o  t h i s  time. 

Considering these  tklngo it would appear that f r e s h  r e f r ige r -  

a ted  haddock i s  as much o r  more of a public  hea l th  hazard 



from t h e  s t andpo in t  of type E botul ism as i s  i r r a d i a t i o n -  

pas teu r i zed  haddock.. 

There was one ins tance  of poss ib le  outgrowth of - C 1 .  

botulinum without tox in  production. This  occurred when 

t h e  organism was cu l tu red  together  wi th  - S. l a c t i s ,  t he  l a t t e r  

O f  which grew.out  t o  high concent ra t ions .  

There i s  t h e  p o s s i b i l i t y  t h a t  both  Achromobacter spec ies  

- ( t h e  organisms usua l ly  causing spo i l age  of i r rad ' ia t ion-  
5 pas t eu r i zed  haddock) and Pseudomonas spec ies  .( t h e  organisms 

causing spoil.age of f k e s h  haddock)! when grown i n  haddock t o  

l a r g e  concent ra t ions  may s e t  up condi t ions  which f a c i l i t a t e  

t h e  growth of type E, - C 1 .  botulinwn. However, c e l l  concen- 

t r a t l o n s  far g r e a t e r  than  t h a t  p resen t  a t  spoilage appcar 

necessary i n  bo th  cases .  

The concent ra t ion  of type E, - C 1 .  botulinum found i n  

3 - 11.5 gram samples' and i n  15 - 555 gram samples of commercial 

shucked s o f t - s h e l l e d  claws i s  l i s t e d  i n  Table 1'1.. It can be 

seen  t h a t  this organism was found i n  4 samples. According 

t o  estimations made from t h e  number of p o s i t i v e  tubes  and 

Most Probable Number t a b l e s ,  t h e  h ighes t  l e v e l  of contamination 

was 2 c e l l s  p e r  100 grams o r  0.02 pe r  gram. It should be 

noted t h a t  product harvested i n  bo th  Massachusetts and Maryland 

( ~ h e s a p e a k e  Bay) have been examined. 
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Table 1 

Toxicity Data and Aerobic and Anaer~bic Counts for  Skinless Haddock F i l l e t s ,  
Non-Inoculated and Inoculated with S p e s  of Type E C 1 .  botulinum 

Irradiated a t  lj0,000 rad a ~ d  Stored a t  33, 35, 4 0 ~ n d  450F. 

Storage Inoculwn Storage Aerobic Counts Anaerobic Counts Increases i n  
Temper- Level Time (per gram) ( ~ l o s t r i d i a  Toxi c i ty  
ature ( spores  aye) per grm) Sample Sample 

(OF) g 1 Sample 1 Sample 2 Sample 1 Sample 2 1 2 

45 O 8 3.8 x 107 1.1 x 107 - 
o a6 6.9 x 106 4.9 x 108 - 

23 1 . 4 ~ 1 0  1 . 8 ~ 1 0  - 
l% 8 6.7 x 102 5.0 x 102 - 
1@ 18 7.6 x lo7 6.3 x lo8 - 
fC2 26 6.6 x lo6 1.8 x lo6  - 
I& 8 7 . 6 ~ 1 0 ~  8.4 x log 1.0 x 10: 1.0 x i s i  - - 
I& 18 1.4 x lo8 1.3 x lo8 3.0 x 10, 7.0 r lo, - - 
lo4 25 1.8 x lo6 1.4 x lo8 5.0 x lol 3.0 x 101 + + 
a06 B 7.5 x lo8 1.5 x lo8 4.0 x lo4 8.0 x lo3 - - 
106 15  1 .2  x 10 1 - 3  x 10 6.2 x 10 2.3 x 10 + + 



Table 1 - continued 
Storage Inoculum Storage Aerobic Counts Anaerobic Counts Increases i n  
Temper- Level Time (-per gram) ( ~ 1 0 s  t r i d i a  Toxicity 
ature (spores ( ~ a y s )  Per gram) Sample Sample 

(OF)  g )  Sample X Sample 2 Sample 1 Sample 2 1 2 

35 0 13 4 . 0 ~ 1 0 5  5 . 9 ~ 1 0 5  < lo1 < lo1 - - 
0 89 --- --- < 101 < 10: - - 

120 2.6 x 102 1.0 x 108 < 101 <-lo - - 
13 3 . 4 ~ 1 0  2 . 3 ~ 1 0 ~  < lo1 -=lo1 - - 
.go 7.1 x 107 --- < lo1 < lo1 - - 

120 8.0 x 107 4.1 x 10: < lo1 < 101 - - 
13 3 . 9 ~ 1 0 ~  1 . 7 ~ 1 0  0 . 5 ~ 1 0 ~  0 . 5 ~ 1 0 ~  - - 

\ 
90 5.7 x 107 4.2 x 107 < 101 <lo1 - - 

120 7.7 x 106 5.7 x log < 101 < 101 - - 
22 1 . 1 x 1 0  1 . 0 x 1 0  2 . 0 x 1 0 1  <1oa. - .  - 
90 2.8 x 10; 5.8 x lo8 1.0 x 101 < 101 - - 

120 6.4 x 10 8.6 x 107 loP -.:I 101 - - 

+ indicates that  the sample 1s . tox ic  i n  1:10 dilution 
- indicates . tha t  the sample i s  not toxic i n  l : l0  d i l u t i o n  



T a b l e  3 

Toxic i ty  Data and Aerobic and Anaerobic Counts f o r  Sk in less  Haddock F i l l e t s ,  
Non-Inoculated and Inoculated with Spores of Type E, Cl. botulinum 

I r r a d i a t e d  at  250,000 rad a ~ d  Stored a t  33, 35, 40 and 4 5 u ~ .  

Storage Inoculum Storage Aerobic Counts Anaerobic Counts Increases  i n  
Temper- Level Time (pe r  gram) (~1.0s  t r i d i a  Toxf c i t y  
a t u r e  ( spores  ( ~ a y s )  per  gram) 

(OF) 
Sample Sample 

R) Sample 1 SampPe 2 Sample 1 sample 2 1 2 



Table 2 - c3ntinued - 
Storagc Inoculum Storage Aerobic Counts Anaerobic Counts Increases i n  
Temper- Level Time (per gram) ( ~ l o s t r i d i a  Toxicity 
ature (spores ( ~ a y s )  per gram) Sample Sample 

( O F )  / a )  Sample 1 Sample 2 Sampls 1 Sample 2 1 2 

35 0 22 3.1 x 107 9.6 x 108 <lo1 - ..., 101 - - 
0 90 3.1 x 10: 6 . 0 ~  lo8 <-lo1 < lo1 - - 

120 4.4 x 10 1.3 x 10 <lo: ;r lo1 - - 
21 4 . 4 x  106 9.3 x10; < 10 --- -.lo1 - - 
90 3 . 2 x 1 0 8  2 . 5 ~ 1 0  .lo1 - -lo1 - - 

120 1.1 x 109 8.1 x lo8 G 101 --- 101 - - 
21 8.8 x lo6 1.8 x 107 i=_. lo1 -;I- 101 -. - 
90 --- --- < 101 - 101 - - 

120 3.4 :C 10: 5.0 x lo8 .-<lo1 di lo1 - - 
22 7 . 6 ~ 1 0  ~ . o x ~ o &  <lo1 1.0 x 101 - - 
90 8 5.0 x lo8 7.7 x lo8 -==lo1 1.0 x 10; - - 

120 2.9 x 1.0 8.6 x 10 <lo1 < 10 - - 

+ indicates that  the sample i s  toxic i n  1:10 d i l u t i o n  
- indicates that  the  sample is  not toxic i n  1:10 d i l u t i o n  



Table 3 

Tox ic i ty  Data and Aerobic and Anaerotllc Counts f o r  Sk in less  Haddock F i l l e t s ,  
Non-Inoculated and Incculated with Spores of !Pype E, C1. botulinwn 

I r r a d i a t e d  a t  350,OCO rad and Stored a t  33, 35, 40 and 45°F. 

Storage Inocnlum Storage Aerobic Counts Anaerobic Counts Increases  i n  
Temper- Level Time !per gram) ( C l o s t r i d l a  Toxic i ty  
a t u r e  ( spores  ( ~ a y s )  per  gram) Sample Sample 

(OF) a ) Sample 1 Sample 2 ' Sample 1 sample 2 1 2 

45 0 20 4 . 0 ~ 1 0 2  5 . 4 ~ 1 0 7  <d - - 
36 6 8 . 0 ~ 1 0  7 . 9 ~ 1 0 ~  d l $  <ld - - 0 
54 3.8 x lo8 8.5 x 10 <l& <I$ - - & 1 8, 9.2 x 10; 8.4 x 107 9 <d - - 

102' 36 2.8 x 10 3.9  x 1% clot l . O x l &  - * - 
54 2 . 1 ~ 1 0 8  1 . 2 ~ 1 0  1 . 3 ~ 1 0  l . l x l o 4  - - 
18 8.4 x 107 1.3 x 1% 3.7  x 102 6.6 x 1% - ,  - 
36 2.2 x 108 2.2 x lo8 6.5 x 102 3.7  x lo4 - - 
54 1 . 9 ~ 1 0 ~  2 . 1 ~ 1 0  3 . 9 x l d q  4 . 4 ~ 1 0  + + 
20 5.4 x 107 8.5 x 1 0 7  8 . 3 . ~  10 2.9 x 1011 + + 



Table 3 - continued 
Storage Inoculum Storage Aerobic Counts Anaerobic Counts Increases i n  
Temper- Level Ti me (per gram) (1210s t r i d i a  Toxicity 
ature (spores ( ~ a y s )  per gram) Sample Sample 

(OF) g Sample 1 Sample 2 Sample 1 Sample 2 1 2 

35 0 30 2.1 x 102 3.2 x 102 <lo: <lo: - - 
0 91 2 . 3 ~ 1 0  1 . 9 ~ 1 0 ~  <lol < lo1 - - 

120 8.7 x 10; 1.1 x 10 < lol <lo1 - - 
31 2.2 x 10 8 2.6 x 1078 < lo1 < lo1 - - 
90 3.8 x lo8 1.7 x lo8 < lo1 < 10, - - 

120 5.7 x lo6 3.1 x 10 < 10 <lol - - 
31 8.5 x 10 1.1 x lo7 <lo: <lo1 - - 
90 1.0 x 102 3.0 x 103 < lol < 10 - - 

120 2 . 8 ~ 1 0 ~  4 . 9 ~ 1 0 ~  < lo1 (13 - - 
31 7.0 :u lo8 7.8 x 10 < l O  - - 
90 1.0 x 10 5.2 x lo7 23 < lo1 - - 

120 6.4 x lo7 8.6 x lo7 <l& < lo1 - - 
6 l o l  
<lol 
<103-. 
<lol 
< lol 
<lol 
<lol 
-: 101 
.-: 
<l$ < l$ 

5.8 x 102 

-=. lol 
".-.../ -1ol 
<lol 
< lol 
< lol 
< 16 
< lol 
< 101 
<lol 

5.0 x 1s 
<l$ 

6.6 x 102 
- 

. . 

+ indicates that the sample i s  toxic i n  1:10 dilution 
- indicates that the sample i s  not toxic In  1:10 dilution 



Table 9 

Toxic i ty  Data f o r  Sk in less  Haddcck F i l l e t s  Inoculated with Spores of Type E 
C 1 .  botulinum (mixture of f o u r  s t r a i n s ) ,  Non-Irradiated - 

and I r r a d i a t e d ,  and Stored a t  4 5 O ~  

- -  

Toxic i ty  
Inoculwn Storage Non-Irrzdiated I r r a d i a t e d  I r r a d i a t e d  
Level Time (100,000 rad)  (200,000 rad)  

( s~ores/gm) (days) Sample Kumber Sample Number Sample Number 
2 3 1 2 ' 3  P 2 3 

+ 
tt - 

n o t  
done - 
+ 
+ 

- 
l o s t  - 
no t  
done - 

-F; 

4- 

+ 
u - 

no t  
done 

- '  

+ 
+ 

+ 
+ - 

n o t  
done - - - - - 
+ 
+ 

-f 

- - 
no t  
done - - - 
.+ 
+ 
+ 
+ 

+ 
++ - 

n o t  
done - - - - - - - 

not  
done 
+ 

no t  
done - 
- - - - 
+** 
+ - 

not  
done 
+ 

no t  
done - 
- - - - - 
-' - 

not  
done 
+ 

no t  
done - 
- - - - 
+** 
+ 
+ 

+ i n d i c a t e s  t o x i c  i n  1:PO d i l u t i o n  
-rt. i n d i c a t e s  t o x i c  i n  1:100 d i l u t i o n  - 
+ i n d i c a t e s  samples no t  t r y p s i n i z e d ' p r i o r  t o  t e s t i n g  f o r  t . ~ x l n .  A l l  

o t h e r  samples were t ryps in i sed  
+** only one of the  t h r e e  mice i n j e c t e d  d ied  
, 



Table 5 

Toxiclty of 50 Portions of Haddo.2k Fillets Cultured in TPQ Broth Containing Thioglycollate 

Number of Mice Dying 

Treatment Unprotected Protected Presence of. 
of Sample Material Material Not Material Material Not Type E, Cb. 

Sample Number Tqpsinized TrypsAnized Trypsinfzed Tqpsinized botulin' 

Not Heat 
Shocked 

11 

I 1  

i~ 

Heat Shocked 
11 

11 

11 

30% Heat 
Shocked 

11 

. I1  

Heat Shocked 
I 1  

Not present 
Present 
Present 

Not present 
Not present 

Present 
Mot present 
Not present 

Not present 
Not present 
Not present 
Not present 
Not present 
Not present 



- 44 - 
Table 6 

Presence of Type E, C1. botulinum 
in Commercial ~ a d d z k  Fillets 

(tests completed to date) 

Number OS CUlCUre TUDeS 
Source - jarnolag _ _  5) Containing Toxin .. 

of 3ample lOOg fish 10g fish lg fish MPM Type E 
Sample Number per tube per._,tube per tube per gram 

. -. 

Plant A 1 
2 

0.17 
0 -03 
none 
none 
0,004 
0 ,008 
none 
none 
0,002 
none 
none 
none 
none 
none 
nme 
hone 
none 
none 

Plant B 1 2 0 / 0 0.005 
2 2. o o o .005 

2 0 0 1 U .002 
0 . O  0 none 

Plant C 1 
2 

Plant D 1 
2 

0 none 
0 none 
0 none 
0 none 

0 none 
0 none 
0 none 
0 none 

Plant E 1 0 0 0 none 
2 0 0 0 none 
3 0 0 0 none 
4 0 .  0 0 none 



The Effect  of Haddock Press ~ i i c e  on the  
V iab i l i t y  of Type E, G. b o t u l i n m  Spores 

Count (per ml) 
Indicated by 

Count Which Culturing i n  
the  Pfsh Press TPG Agar, After 

Botulinum Type Juice Should Holding i n  F i sh  
Have Contained Press Ju ice  f8r 

(per aral) 211 H ~ E .  at 35 F 
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Table 8 

Temperatures of Deep Fat F r i e d  IIaddoclc F i l l e t s  ~ u r j . ; ! ~ ;  ! 

and After Cooking a t  375O~ 

- 
Time 1 / 2 " ~ h i c k  5 / 8 " ~ h i c k  3 / 4 " ~ h i c k  1" Thick 

( ~ i n u t e s )  Sample 1 Samplc 2* Sample 3 Sample 4** 

0 .OO 51.7 '~  53 .O"F 42. O"F 48.  OF 
0.25 51 - 7  56.0 42.4 50 5 
0.50 53.5 60 .O 43 .0 52.2 
0.75 61 .O 70 .O 43.7 - 53.0 
1 .OO 69.0 80 .Q 47 .O 55.7 
1.25 80.0 80 .0 50 .O 57-5 
i .go go .o 95.0 54.0 60.5 
1.75 100.0 102 .0 60 .O 65.1 
2 .oo 110 .o 108.0 64 .o 68.7 
2.25 120 .o 114 .o 70 .o 73 .1 
2.50 128.3 120 .O 75.0 78.1 
2.75 137.0 125.0 80.2 83.2 
3 .oo 142.5 130.3 85.2 88.1 
3.25 151 .O 137.0 92.0 94.2 
3.40 158.0 (end 140.2 98.0 98.3 

of coolting) 
3 *75 166.0 145 - 0  105.0 103.2 
4 .OO 171 .O 14s) .2 109.3 108.3 
4.25 175.5 153.7 115 ,O 112.3 
4.50 178 3 158.0 (end 121.9 117 .O 

of cooking) 
4.75 180.5 163.6 127 .o 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 .O 158.2 135 -0 
5-75 102.7 (max) 171.0 164.2 1110.0 
6 .oo 1,8?. 6 171.3 1 6 8 3  143 5 
6.25 182.5 172 .O 170.0 147.2 
6.50 182.5 1 7 2 , ~  172.2 151 .n (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 .O 172.3 177.8 168.0 
8.25 180.2 172 3 l78.0 (max) 168.6 
8.50 179.9 172 .3 178.0 171.2 
8.75 179.2 172.3 178.0 172.7 
g .oo 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 1.78 .O 175.9 



. . 
Table 8 - continued 
Time 1/2"  hick 5/8"   hick 3/4"  hick 1" Thick 

(~inutes) Sample 1 Sample ,2* Sample 3 . Sample 4** 

10 .oo 176.4 171.6 178.0 176.1 
10.25 176.2 171 .O 177.8 176.1 
10.50 175.8 170.3 177.3 176.2 
10.75 175.2 - 170 .O 176.3 176'. 2 
11 .OO 174.3 169.3 175 7 176.2 
11.25 174.1 168.4 174.3 176.3 (ma4 
11.50 173 -7 168.1 174.3 I.'(G. 3 
.11.75 173 .3 167.7 173.8 176.3. 
12.00 172 5 167.0 173 .O 176.2 
12.25 172 .O 166.2 172 .O 176.1 
12.50 171.2 165.8 171 3 175 -9 
12.75 170.7 165.3 170 .3 175.6 
13 .oo 170.2 164.4 170 .o 174.6 
13.25 169.7 164.0 169.2 174.0 
13 -50 ,169.7 163 .3 - 168.2 173:. 4. 
13-75 169 .o 162.8 167.7 172 .9 
14.00 168.2 162 .O 166.9 172.2 
'1.4.25 168.1 161.6 166,o 171 .3 
11C.50 1.67 5 X60.6 153 .3 170.4 
14.75 167.1 160.2 ,164.4 169.8 
15.00 166.1 159.7 a64 .o 169 5 
15.25 166 .o 159 .O 163 .o 168.6 
15.50 165.8 ' 158.3 162.1- ' 168.0 
15.75 165 .O 158.0 161.8 167.1 
16 .OO 164.3 157.3 161 .O 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 .O 157 5 162.6 
17 50 160.4 153.3 156.8 162 .O 
17.75 160.0 152.6 156.0 161.3 
18 .OO 159.1 152 .O b55.7 160.3 
18.25 158.2 151.6 155 .O 159.8 
18.50 157.8 150 5 154 .o 159.0 
18.75 157.0 . . 150 .o 153.4 158.3 
19 .00 156.3 149.8 152.6 157.8 
19-25 155.8 152 .o .a57.o 
19.50 , 155.0 151.5 156.2 . 
19 .75 154.3 1-50 5 155.6 
20.00 153 .9 150 .0 154.8 
20.25 153.2 149.5 154.2' 
20.50 152.3 149 .O 153.2 
20.75 151.9 152.5 
21 .OO. 151 -3 152.1 
21.25 150.7 151.3 
21.50 150.2 150 5 
'21.75 150.0 . 150 .O 
22 .oo 149.6 

* 245 grams 
** 250 grams 



Table 9 

Calcu la t ion  of 'Toxin  Des t ruc t ion  Rates 

Temperature (OF) 
at Point  of  Des t r u c  t l o n  Destruct ion 

Slowest Heating Time Rate 
Tine ( s e e  Table 8 ( ~ r o r n  F ig .  2) ( see  ~ i g .  1) 

( ~ i n u t e s )  - Column 2) (Mirlutes) 



Table 10 

F i l l e t s  Inoculated With Three S t r a i n s  
( ~ e t r o l t ,  Minneapolis and 8 ~ )  C 1 .  botulfnun, Type E 

I r r a d i a t e d -  200 Kilo Rad a n r ~ t o r e d  a t  4'5% 

Storage B a c t e r i a  p e r  G r a m  
Time 

(weeks) C l o s t r i d i a l  Aerobic Tox ic i ty  Remarks 

S l i g h t l y  p u t r i d  
odor 

15 x 10" 58 x l o 7  - Trace of NH3 

T = t ryps in ized  e x t r a c t  
N = nontrypsinized e x t r a c t  
* = 1: 10 d i l u t i o n  . 

** = 1:100 d i l u t i o n  



' Table 11 

Haddock F i l l e t s  Inoculated with C1. botulinum, Type E 
(mixture of s t r a i n s  of ~ e t r o i z  Ninneapolis,  g ~ )  
I r r a d i a t e d  f o r  200 Kilo Rad and Stored a t  75 F 

Storage B a c t e r i a  per  G r a m  Tox ic i ty  
~ i m e -  

- 

D i l u t  on Lev 1 
jdays)  C l o s t r i d i a l  Aerobic . 10-1 10' g 10- 5 low4 

Remarks: The 3 day sample had a ~ l l g h t  NH3 odor; as the 
s t o r a g e  time increased ,  t h e  odor became more 
3-ntensified. The samples were very gaseous a t  
3 days.  



Table 1 2  

Growth a t  4 5 ' ~  and Production of Acid by Four S t r a i n s  of Type E, 
C 1 .  botulinum on Trypticase-Peptone-Mannose Medium Containing - 

ThioglycoBlate and Acid I n d i c a t o r  Dyes 

S t r a i n s  of  Dye Used Growth Time a t  Which Acid 
T s ~ e  E, C 1 .  as I n d i c a t o r  Time Production Was 
b b t u l i n u r  - of Acid, (days ) Indica ted  

Beluga None 1 2  - - 
Brom thymol 

b lue  1 2  26' 
Brom c r e s o l  

purple  1 2  No a c i d  ind ica ted  
 ethyl red  1 2  ' No ac id  ind ica ted  

D e t r o i t  None 11 
Brom thyraol 

blue 11 
Brom c r e s o l  

11 purple ' 26 
Methyl red  11 No a c i d  ind ica ted  

8E None 1 2  -- 
Brom t w o 1  

b lue  1 2  26 
Brom e r e s o l  

P W I ? ~ ~  1 2  No a c i d  ind ica ted  
Methyl r ed  - 12 No a c i d  ind ica ted  

Minneapolis None 11 -- 
Byom thymol 

. . b lue  11 26 
Brom e r e s o l  

11 No a c i d  ind ica ted  purple 
Methyl r e d  11 No a c i d  Indica ted  



Table 13  

Resul t s  of B a c t e r i a l  Counts and Tox ic i ty  T e s t s  on Gr~und  
I r r a d i a t i o n - S t e r i l i z e d  Haddock After Inocula t ion  With 

Type E, - C l . .  botulinum or) with Type E, C 1 .  botulinum plus  
Bacteri:m and 1 n c u b a t i E  a t  45°F 

Aerobically o r  Anaerobically.  

B a c t e r i e  per  G r a m  
(average cef- 2 counts) 

Anaerobic Toxic i ty  
Organf sms Haddock Days Aerobic Count of 
Inoculated Incubated Stored Count ( ~ l o s t r i d i z )  Culture  

C 1 .  botulinum - zierobic 
a lone  

C 1 .  botulinum - 
alone  

C 1 .  botulinum - 
alone 

I 

anaerobic  

n o t  done 
It 

I t  

I1 

11 ' 

f1 

no t  dona 
95 x lo4 

1000 x 10 
184 x 10: 

53 x lo6 
275 x 10 

+(non- 
t ryps in ized)  



' Table 13 - continued 

Bacteria  per G r a m  
(average of 2 counts) 

. Anaerobic Toxicity 
O~ganisms Haddock Days Aerobic Count of 
Inoculated Incubated Stored . Count ( ~ l o s t r l d i a )  Culture 

C l  . botulinwn - 
alone 

anaerobic 

C 1 .  botulhnm - aerobic 
alone 

C 1 .  botulinuw anaerobic 
=one 

aerobic 

not. dons 
1 2 . x  10 

<lo; 
53 x lo1 
39 x lo1 

10 

.<lo$ 1 x 10; 
<lo 1 x lol 

not done 1 x 10 

5 <lo1 2 8 x 10, 
10 ** 1 x l o  
20 <lo1 <lo1 
32 not done 18 x lo1 

* about 1000 x lo1 fontaminated, yellow colonies,  rod shaped. ** abou& 10,000 x 10 contaminated, yellow colonies,  rod shaped. 



Table 13 - continued 
Bac te r i a  pe r  G r a m  

(average of 2 counts) 
Anaerobic Toxic1 t y  

Organisms Haddock Days Aerobi c Count of 
Inoculated Incubated Stored Count ( ~ l o s t r i d i a )  Culture  

C 1 .  botulinum anaerobic . 0 60 x 102 60 x 10: - - 
and - S o  l a c t i s  1 13 x lo6 < lo1 - 

5 50 x l o8 .  < 10 - 
10 >lo8 <lo1 - 
20 > lo8 40 x 10: - 
30 >lo  45 x 10 . - 

C 1 ,  botulinum aerobic  0 82 x 103 70 x 10: - - 
and - S.  f s e c a l i s  1 13 x 102 < lol - 

5 43 x log < lo1 - 
10 > lo8 <lol - 
20 

. >lo8 <lo - * 
30 >lo <lol - 

C 1 .  botulinum anaerob i c  0 82 x id 70 x l+ - - 
and - S o  f a e c a l i s  1 - 14 x 102 19 x 102 - 

5 87 x 10 5 x 10l - 
19 > 108 <lol - 
20 > 108 .54 x 101 - 
30 -108 84 x id - 

C 1 .  b o t u l f n m '  - aerobic  0 39 x 103 40 x ld - 
and - L. v d ~ i d e s c e n s  1 54 x I& ri x ad. - - 

3 > 108 - 
10 -108 31 x id - 
20 >lo8 50 x id - 
30 >lo8 <l$ - 



Table 13 - continued 
Bac te r i a  per  G r a m  - .  

. . 
. .. (average o f - 2  counts) . \ :  , 

T Anaerobic Toxic i ty  
Organisms Haddock Days Aerobic Count:: of 
Inoculated Incubated Stored ', Count. . . ( ~ l o s t r i d f  a )  Culture  

.. . .- - , 
. . 46-f . iCd3 

:' I 

- C 1  .: i b ' o . ~ u l l n ~ ;  . . anaerobic . - 3 o . . 41. x 103 
and' .Lh' - ..vkridescens . 1 54 x ~ 6 5  ' 48 x 'lo1 

5 .  6 32 x 1U8 . -= lo1 
10 > lo8 28 x lo1 
20 > lo8 21  x 10: 
30 .=-lo . 39 x 10 

C 1 .  botulinwn anaerobic 0 no t  done 14 x lo2 - - 
and' . C 1  ... sp'orogenes 1 11.. 1 x 101 + 

. , - 5 I I < 101 - 
10 I1 - <lo= - 
20 I I < 101 - 

., 30 11 <lo1 -s 

~ 1 . .  botulinwn aerobic  o 16 x 1102 20 x lo1 - - 
:. and P. . f r a g %  . ' P 25 x 1036 < lo1 - - 

5 7'9 x 10 18 x lo1 - 
10 10 .X 107 10 x 102 4- 
20 2 0 x 1 0 7  15x1034  , + 
30 22 x 107 . 35 x 10 + 
0 C 1 .  b o t u l % n m  anaesob ic n o t  done 91 x 102 - - 
1 I1 and $. f r a g i  . 4 x lo1 - - 
5 '  I I 3 x 101 - 

10 11 1 5 x 1 0 ~  . a 

20 11 32 x lo2 - 
I I  30 11 x 101 - 



Table 13 - continued ---- 
Bac te r i a  per  Gram 

(average of 2 c m n t s :  
Anaerobic Toxic i ty  

Organisms Heddock Days Aer6bic Count of 
Inoculated Inc.a'~at.ed Stored Count ( ~ l g s t r ~ d i z )  ---- Cul. t u r e  --- - 

C1. botulinum - a e m b  ic 
and - P. f luorescens  

C1. botulinum - an8:?xot;ic 
and - P. f luorescens  

no t  done 
I t  

11 

I t  

11 

11 

C 1 .  botulinum aerobilc 1 1 2 0 x 1 0 ~  1 1 x 1 0 :  - - 
and Achromobac t e r  - - 5 90 x 105 2 x io 

10 b? x 107 ..-;-- 103 - 
20 52 x 107 50 X- 1.03 - 
30 50 x 107 145 x i.05 t ryps in ized)  + -I non- 

t ryps ln ized)  

C1. botulinum - alaaqob l c  1 
and Achromobac t e r  5 

10 
20 
3c 
35 

12 x 10; - 
8 x LO- .- 

<LO? - 
<I(; - 

. . 

14 x 10: - 
200 x 10 - ( t ryps in ized)  

. .+(non- 
t ryps ln ized)  



Table 13 - cont4wued 
Eacteria per G r a m  

(average of 2 counts) 
Anaerob LC Toxi city 

Organisms Haddock Days Aerobic Count of 
Inoculated Incubated Stored Count (~lostrfdia) Culture 

C1. botulfnwn aerobic 0 4 x 103 4 x 10; - - 
and Achromobacter 5 about b 10 x PO - 

1064 x 10 
10 go x 107 5 x log - 
20 56 x ic 10 x 106 +* 
32 not done 14 x 10 - I trypsinlzed) + non- . 

trypsinized) 

C1. botulfnwn. anaerobic - 
and Achromobacter 

100 x 105' 48 x 10: - 
12 x 105 13 x lo4 - 

500 x lo4 - 
not done 84 x 10 -I trypsinized) 

-t- non- 
trypsf nized) 

- - - - - -  

* one of three non-protected mice died In both trypsinized and non-tsypsinized. 
- indicates that the sample was not toxic to mice in the l:i0 dilution 
+ indicates that the sample was toxic to mlce in the l:10 dilution 



Table 14  

Tox ic i ty  of Commercial Shucked 
Soft-Shel led C l a m  Cultures  

Toxic t ty  i n  5 tubes . Most Probable Number 
. (no. o f .  tubes :: . of Type E 

P lan t  Sample p o s i t i v e )  . . C1. botulinwn Oclls 
N O ,  No. 10O.g 1u g ?.. - g .  F e l l s  per  100 E. 1.. ----- - ..-. 

, .. ' . ,. none presen t  
- .  . . .  ' none p resen t  

. <  none p resen t  
" none pr'esent 

2 .o 
2 .o 

. . 
. . none p resen t  

, .. none p resen t ,  
nbne p resen t  

- none p resen t  
. . 

none p resen t  
none p resen t  

none present'  
none prcaent  

2 ..O 
none p resen t  . .  . 

, . 
2 .o 

none p resen t  

* The f i r s t  3 samples were au l tu rcd  as P l v e  tubes kach of 
10 g, 1 g, and 0.1 g while o t h e r  samples i n  t h e  t a b l e  
were cu l tu red  as 5 tubes each 'of  100 g,  10 g, and, 1 g .  +* ThLs oample contained. type B, C 1 .  botulinum. but .  d i d  
n o t ,  con ta in  type E, - C 1 .  botu.li=. 
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. . THER.MAL DESTRUCTION TIME FOR 
. ,. . , . . 

10,000 LDsg .OF TOXl N 

IN FISH PRESS JUICE 
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i 

. . 

- - 

140 150 6 . 170 180 190 

TEMPERATURE - DEGREES F 

FIG. I 



GRAPHICAL INTEGRATION OF TIME-TEMPERATURE EFFECT 
ON THE DESTRUCTION OF 10,000 LD50 OF TYPE E C. 
BOTULINUM TOXIN DURING DEEP FAT FRYING IN OIL AT 
375O F FISH PORTION 5/8" THICK 

-THIS ARCA 13 EQUAL TO IHt '  

DESTRUCTION OF 10,060 

FIG. .2 
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THERMAL' INACTIVATION TIMES AT 150°F - - 
FOR DIFFERENT CONCENTRATIONS OF - - 

TYPE E '  BOTULINUM TOXIN 

- - - 
- - - 
- - 
- - 
- - 
- - 
- - 

- - 
- ;+\ - 

- - - - - 
- 

- + - 

- - - 
7 

- - - - 
- - 
- '  

- 
- 

- 
- 

- - - - - - - 
- - 
- 
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1 I I 1 
0.5 x lo6  0.5 x lo5 0.5 lo4 0.5 x I o3 

TOXIN TITER (LDBOMOUSE UNITS) 

FIG. 3 



- 1 - 
- A 

THERMAL INACTIVATION TI.MES AT 150°F - - 
- OF TYPE E BOTULINU'M . TOXIN A 

- 
0 . 5 . x  l o 6  ( LD MOUSE UNITS - 

AT DIFFERENT pH VALUES 

FIG. 4 




