






Nation but 39 p.p.m. nitrite led to spoilage. .'/hen spore 
levels v/ere increased to 2.6/g, an Fo value of 0.1 with a 
concentration of sodium chloride of 3.5/- and 78 p.p.m. nitrite 
Was again satisfactory. Post-processing nitrite levels were 
Siven as 10-20 p.p.m. They also found that 5 %  sodium chloride 
T̂ith no nitrite did not prevent spoilage at Fo values of 
ar>ound 0.1. These workers emphasized that the protective 
Mechanisms broke down when challenged v/ith large numbers of 
sPores.
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Lastly there is the unpublished work briefly described by 
°ieaann (1963). In one series of experiments the spoilage of 
Commercial luncheon meat containing less than 3 clostridial 
sPores/g, Igg sodium ehloride/lOOg meat, nitrite concentration 
°t stated, was investigated after various processes. It was 
c°ncluded that a process of Fo = O.h was necessary. Riemann 
^Iso refers to a more detailed factorial experiment in which 
/¡he factors tested were salt, nitrite, nitrate, pH and Fo values, 
^sing various inoculation levels of putrefactive anaerobic 
sPores from spoiled canned luncheon meat. The number of snores 
-ei*minating to give vegetative cells after various time intervals 
w^s determined. It was concluded that all the factors except 
titrate had an effect on the number of snores which were able to 
lnitiate growth and that there were certain significant inter­
actions, e.g. heat process with sodium chloride and heat process 
«/th nitrite. Details of the effective values of the various 
Actors were not, however, given.

These investigations are summarized in the Table.

%
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^antimicrobial effect of nitrite following a heat treatment 
^.spores: Jensen & Hess (19k1) suggested that those interactions 
eVween the heat orocess and curing salts were a result of an

^ c r e a s e  
M t s .

in the heat sensitivity/ of the spores
a 
due curing

®sailr

to the
It is now clearly established that this is not so.

& Cameron ( 1 9 1 + 2 ) were \mable to detect any increase i;
of spores of Cl. botulinum type A in the 

^nce of curing salts, nor were Stumbo et al. (l°45a, b),
^ H i k e r ,  Greenberg & Shack (1958), or Roberts, Gilbert & Ingram (1966) 

sodium chloride alone, and with Cl, sporogenes. Additionally, 
heat processes used in practice to achieve stability of those 

<_?lf-stable canned cured meats, Fo values of about 0.5 (Riemann,

sensitivity 
Jr“eSei

> 3 ; Spencer, 1966), do not succeed even in the presence of
salts, in eliminating viable clostridial spores from the 
stable, product (Ingram, 1952; Brown, Yinton & Gross, 1960;

S p n g
S p l ,  ... . _ . . .
j.,emann, 1963; Steinkraus & Ayres, 196/+). It thus appears likely 
v the form this interaction takes is one of the curing salts 
^eventing the germination and/or outgrowth of the surviving 
^v0j?es which have in some way been made sensitive to the effect 
lQ,the heat treatment (Brown et al., 1960; Riemann, 1963; Spencer, 
lJ?°). Recent investigations have indicated that this form of 
- fraction is indeed an important one in the stability and

of canned cooked cured meats.

Roberts & Ingram (1 9 6 5 ) reported the results of an investi- 
a0^ Ori into the effect of sodium chloride, potassium ritrate and 

nitrite in the medium on the ability of heated spores of 
t0LMill and Clostridia (excluding Cl. botulinum and Cl. welchii) 
>o0aevel°P an8 produce visible 'growth. This demonstrated unequi- 
get,^ly that these substances interfered with some stage in the 

Mination and development of surviving heated spores, at
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concentrations which would he ineffective with unheated^ 
scores. Prom the similarity between the effects of sodium 
chloride and potassium nitrate, it was considered that their 
Action micht in some way he osmotic, depending fundamentally on 
Water activity. Nitrite, however, clearly operated on a 
'different basis and its action was very dependent on pH value 
ahd may possibly have been due to undissociated nitrous acid.

The investigations of Roberts and his colleagues (Roberts 
& Ingram, 1965: Roberts et al., 19 66) have been confirmed by 
Duncan & Poster (1963 ). Additionally, these workers demonstrated 
that heating spores in the presence of nitrite reduced their 
ability to give rise to growth subsequently in the absence of
hi t r i t e .

Curing processes Shown Experimentally 
’to be Stable and/or Safe

Kef*ference Heat
Process

Sodium 
Chloride 
Concen­
tration 
(‘/o on 
Water 
Phase)

Initial 
Nitrite 
Concen­
tration 
(p.p.m. 
on Total'

Spore
Level/g Comments

^  et al. Po = 1 About
4.5

150 5 Spoilage inhibited 
for up to one year

hke & 
er (1 9 5 1)

6.5.5°C 
/7 0  min

About
3-3.5

200 5 ,000* No toxin after 30 
days at 30°C.

&
s (1952)

80°C/ 
20 min.

3.6 1 50/83 Natural
1

pH 5.8 _+ 0.2. 
Failed when 
challenged with 
50 spores/g

, ^ er etal Po=o.oa 
Po=0.1C

3.5
3.5

7 8 (10-20)
7 8 (10-2 0 )

Natural ) 
1 , added 2.6)

Failed when 
containing only 
38 p.p.m. nitrite

lahn (1963 Po=0.4 4 .0 2 Not
stated

3

botulinum
henitrite figures in brackets refer to cost-processing levels. 

Inhibitory effect of nitrite when heated:

ni A new chapter in the story of the antimicrobial effect of 
ft was commenced by the investigations of Perigo, Whiting 

Corn Sh^°rd (1967). These workers used a model system of a_ 
th ^ ex bacteriological medium in place of meat and investigated 

ability of nitrite to inhibit the growth of Cl. sporogenes 
various pH values:

1 . When nitrite was. added as a sterile solution to 
the heat sterilised medium, and

2 . when the nitrite was heated in the medium.
P eri „
bee« 20 -et a l . found that 200 - 400 p.p.m. of nitrite was 
hi'ou Sary to cause inhibition of Cl, sporogenes at pH values 

hhd neutrality in their experimental system when the nitrite





A f t e r  o v e r n i g h t  s t o r a g e  a t  21 C . i n  t h e  d a r k ,  " b o t t l e s  w e re  
i n o c u l a t e d  w i t h  a  v e g e t a t i v e  c u l t u r e  o f  C l .  s n o r o g e n e s , 
i n c u b a t e d  a n d  e x a m in e d  a t  i n t e r v a l s  f o r  g ro w th .  I n v a r i a b l y ,  
lo w e r  r e s i d u a l  c o n c e n t r a t i o n s  o f  n i t r i t e  i n h i b i t e d  g ro w th  
when t h e  n i t r i t e  h a d  b e e n  h e a t e d  i n  t h e  m edium  t h a n  w hen t h e  
N i t r i t e  w as a d d e d  a f t e r  t h e  m edium  h a d  b e e n  h e a t e d .  The 
d ia g ra m  show s t h e  r e s u l t s  o f  a  t y p i c a l  e x p e r i m e n t .

The E D ,-^ v a lu e s , i . e .  t h e  c o n c e n t r a t i o n  o f  r e s i d u a l  n i t r i t e  
h e c e s s a r y  t o ^ i n h i b i t  g ro w th  i n  5 0% o f  t h e  c h a l l e n g e d  t a b e s ,  h a s  
b e e n  u s e d  to  a s s e s s  t h e  e f f e c t  o f  n i t r i t e  i n  d i f f e r e n t  s y s t e m s .  
The d i f f e r e n c e  i n  t h e  ED^n v a l u e s  b e tw e e n  th e  n i t r i t e  c o n c e n ­
t r a t i o n s  a d d e d  b e f o r e  a n d  a f t e r  h e a t i n g  w as g e n e r a l l y  o f  t h e  
o r d e r  o f  3 0 -6 0  pom . The ED,-0 v a lu e  o f  h e a t e d  n i t r i t e  w as o f  
th e  o r d e r  o f  5 0 -1 5 0  ppm r e s i d u a l  n i t r i t e ,  f o r  w h ic h  i t  w as 
r e c e s s a r y  t o  ad d  2 0 0 —hOO ppm n i t r i t e  to  t h e  m e a t b e f o r e  i t  »vas 
h e a t e d .  ' The h ig h  i n i t i a l  c o n c e n t r a t i o n  o f  n i t r i t e  n e c e s s a r y  
to  p r o d u c e  an . i n h i b i t o r y  e f f e c t  s u g g e s t s  t h a t  t h e  P e r ig o  
e f f e c t  i s  n o t  l i k e l y  t o  b e  o f  im p o r ta n c e  i n  p r a c t i c e  to  t h e  
s t a b i l i t y  a n d  s a f e t y  o f  c a n n e d  c u r e d  m e a ts  an d  p r o v i d e s  an 
ex p l a n a t i o n  f o r  t h e  f a i l u r e  o f  o t h e r  w o r k e r s ,  e . g .  J o h n s to n  
e t  a l . ( 1 9 6 9 ) ,  t o  o b s e r v e  a  P e r i g o  e f f e c t  i n  m e a t .

T h e re  s t i l l  r e m a in s  t h e  i n t r i g u i n g  q u e s t i o n  -  w h a t i s  
th e  n a t u r e  o f  t h e  s u b s t a n c e  o r  s u b s t a n c e s  r e s p o n s i b l e  f o r  t h e  
P e r ig o  e f f e c t  i n  m e d ia  an d  i n  m ea t?  ¿Vork a t  B .P .  M. I .R .A .  h a s  
shown t h a t  t h e  e f f e c t  m ig h t  b e  c a u s e d  b y  c e r t a i n  i n o r g a n i c  
s u b s t a n c e s  d e v e lo p e d  fro m  n i t r i t e  t h e  n a t u r e  o f  w h ic h  a r e  
c u r r e n t l y  u n d e r  i n v e s t i a t i o n .
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