


In the equation Protection (Pr^Destruction (Ds)+Inhibition (In), 
we have purposely avoided the term, D, because D is precisely 
defined as the time in minutes at a given temperature to destroy 
90% of a population (Stumbo, 1965). Implicit in the definition 
of D is that the organism is not capable of recovering when given 
optimum conditions to grow.

Besides being used in the defined sense, the term D has been 
widely used in other ways to signify a 90% destruction without 
reference to temperature of exposure, e.g., by irradiation 
(Anellis et al, 1965), and to express the effect of inhibition 
(Duncan and Foster, 1960) and the combined effect of destruction 
"•■inhibition (Anellis et al, 1965). The misuse of "D", in our 
opinion, has diverted attention from the task of quantitating 
the inhibitory effect: in many cured products safety due to 
inhibitory effect may be much greater than that contributed by 
destruction of spores.

We believe that in order to define the factors responsible for 
safety against botulinum and to quantitate them, an equation 
is needed. The following equation appears to fit this need.

x Pr=y Ds+z In

Quantitatively, each of the components Pr, Ds and In is expressed 
on the basis of 1 log-]_Q. The equation is simple, easily compre­
hended, and workable.

The experimentation to exploit use of this equation is simple. 
Meat devoid of curing salts is inoculated with known numbers of 
spores at different concentrations, stuffed into commercial sized 
cans, processed to the desired degree, and incubated for 1 month- 
Assuming that meat devoid of curing salts is a perfect medium for 
growing the heat-damaged spores that survive, the most probable 
number (MPN) of spores that survive can be calculated from ■ the 
ratio of cans processed/cans not swelling (Stumbo et al, 1950).
To test the effect of individual or combinations of inhibitors, 
it is only necessary to treat meat to which inhibitors are added 
in an identical manner. There are three additional points to be
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considered: (1) the concentration of spores must be such that
only a portion of the cans become toxic in at least one lot 
devoid of inhibitor and one lot with inhibitor, (2) meat with 
inhibitors must receive higher concentrations of spores than meat 
without inhibitors, and (3) the processed meat must be incubated 
for at least one year (Pivnick et al, 1969).

Table 2 illustrates the calculation of destruction of spores 
using data from an experiment where meat devoid of curing salts 
was inoculated to obtain 1 spore per g and 100 spores/g. Eleven 
cans with meat inoculated at each level were processed to Fo=0.6. 
°n incubation, 1/11 and 8/11 cans, respectively, became toxic.
A most probable number (MPN) pooled estimate of the spores surviv­
ing was 14.67. This pooled estimate was obtained by weighting the 
estimated proportion of spores surviving in each set of 11 cans 
inversely proportionally to their variances (Finneyj 1971). The 
fetal number of spores in the 22 cans was 377,740; the number of 
spores killed was 377,725, and the ratio of spores added to the 
meat, to spores that survived the thermal process was 27,749:1 
(L°gio=4.41).

Table 2 CALCULATION OF DESTRUCTION OF SPORES IN
CANNED MEAT WITHOUT SALT OR NITRITE HEATED TO Fo 0.6.

No. of spores added. 377,740.0
Pooled estimate of No. 
spores that survived.

of 14.67

No. of spores that were killed. 377,725.0
Ratio spores added 377,740 = 25,749.0

spores survived 14.67
Login spores added

spores survived
= 4.41

Experiment: 1 spore/gm; 340 gm/can; 11 cans; Fos0.6;
1/11 toxic.
100 spores/gm; 340 gm/can; 11 cans; Fo=0.6; 
8/11 toxic.

1089



There is considerable evidence that heating of spores of C . 
botulinum in the presence of salt and nitrite does not influence 
the rate of destruction (Pivnick et al, 1970; Pivnick and Thacker, 
1970; Ingram and Roberts, 1971). For this reason, we have 
assumed that spores heated in meat containing curing salts would 
be destroyed at the same rate as in meat devoid of curing salts.

In Table 3, we present calculations for an experiment in which 
meat containing 5.5% salt in the water phase was inoculated with 
10^ spores/gm. Ten cans were processed to Fo=0.6 and then in­
cubated at 30 C for 18 months: 8 of the 10 cans became toxic.
The total number of spores added was 3 ,*+00,000,000 ; the number 
that survived the heat treatment was 132,022; the number of 
survivors that grew was 16.1; and the ratio of total survivors to 
survivors that grew was 8,200 (Log^Q=3.91). Thus in the equa­
tion, Pr=Ds+In, 8.32 Pr=4.41 Ds+3.91 In.

T6.ble 4 presents similar calculations for 45 cans in which the 
meat contained both salt and nitrite.

Table 5 summarizes data for 10 lots of cans obtained from 3i ,
separate experiments (Pivnick et al, 1969). The greatest pro­
tection was obtained in meat with 150 ppm of NaN02-

The units of inhibition due to salt appear to increase with salt 
concentration in the meat. Fig. 1 shows a curve fitted by the 
method of least squares for 5 lots of cans. This increased in­
hibition of heat-damaged spores of Cj_ botulinum by increasing 
concentrations of salt has been shown in test tube experiments 
(Pivnick and Thacker, 1970).

The units of inhibition due to increased nitrite in the presence 
of a constant concentration of salt is shown in Table 6; the data 
are from Table 5. The presence of 150 ppm of nitrite increased 
the units of inhibition from 4.12 to 5.76.
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Table 6 INCREASED INHIBITION DUE TO NITRITE.

Brine Nitrite Cans Units of
(%) (ppm) Toxic

Total
Inhibition

5.16 0 29/46 4.12
5.16 75 11/45 4.67
5.16 150 1/45 5.76

Recent data (Chang and Pivnick, unpublished) indicates that the 
effect of nitrite may be due, in part, to a reaction product 
between nitrite and meat— a Perigo type factor. Heat made with 
200 ppm of nitrite and inoculated after the nitrite had decreas­
ed to less than 2 ppm prevented the growth of 1 log1Q heat- 
damaged spores of C^ botulinum (1 unit of In).

The equation, Pr=Ds+In, is also useful for quantitating the in­
hibitory activity toward spoilage organisms. Table 7 shows data 
(calculated from Riemann, 1960) for PA 3679 in which cured meat 
was heat processed to Fo=0.6 or pasteurized and then irradiated 
to one megarad. The inhibition of spores that survived irradia­
tion is far greater than those that survived Fo=0.6.

Table 7 PROTECTION = DESTRUCTION + INHIBITION
FOR PA 3679.

Logarithm]^ of Spores
Added Survived Protection

Added Survived
(Ds)

Survived Grew Grew
(In)

(Ds-fln)
Fo = 0.6 6.49 0.29 6.20 5.20 1.00 1.29
One Mrad 6.49 0.97 5.52 1.67 3.85 4.82
Experiment: Cured ham; 5% brine; 30 ppm NaNÛ2 ; heated to Fo=0.6

or heated to 65 C and then irradiated (Riemann, I960)

We believe that the equation x Pr=y Ds+z In will facilitate the 
quantitation of inhibitory factors in canned, cured meats and thus 
lead to a rational assessment of the safety of the product. 
Certainly, such assessment is necessary whenever new formulations 
or thermal processes are likely to decrease the safety of the 
product.
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