
The design of sterilization processes

Chapter 18



Survivor plots and sterility assurance levels
 It is neither possible to guarantee, nor to prove, that an 

article is sterile; it is possible to quote a probability that is 
sterile

 This probability is referred to in pharmacopoeias as the 
sterility assurance level and is usually quoted as 10-6

 10-6: one surviving organism in one million items



Sterility assurance level (SAL)
 Sterility assurance level (SAL) is the probability of a 

single unit being non-sterile after it has been subjected to 
sterilization.

 In microbiology it is impossible to prove that all organisms 
have been destroyed as the likelihood of survival of an 
individual microorganism is never zero, so SAL is used to 
express the probability of the survival. For example, medical 
device manufacturers design their sterilization processes for 
an extremely low SAL, such as 10-6, which is a 1 in 1,000,000 
chance of a non-sterile unit. 

 SAL also describes the killing efficacy of a sterilization 
process. A very effective sterilization process has a very low 
SAL.



Sterility assurance level and survivor plots
 When exposed to heat or radiation bacteria normally die 

according to first-order kinetics

 This means that the same proportion of the cells is 
killed in successive time intervals

 The data represent the death of bacterial spores in 1 
ml ampoules of injection being sterilized by steam in 
an autoclave (also called a ‘steam sterilizer’). 



Simplified data illustrating bacterial death during steam 
sterilization.

5 min exposure log 0.1= -1 0.1 CFU/ml one whole 
spore in 10 ml 9 amp sterile and one non sterile



Sterility assurance level and survivor plots
 The next line in the data table would be 6 minutes’ 

exposure  corresponding to one survivor in 100 ml, 
 then 7 minutes giving one survivor in 1000 ml, and so on. 
 It is clear from this example that the data table could be 

extended indefinitely and zero survivors (sterility) would 
only arise after an infinite exposure time, so no matter 
how long the ampoules of injection are heated there is 
always a small but finite probability that there will be a 
surviving spore. 

 This is the reason why it is not possible to guarantee 
sterility of an item selected at random from a sterilized 
batch of product. 





Sterility assurance level and survivor plots

 Instead, a sterility assurance level (SAL) of 
10–6, or better, is the target, and the 
exposure period in the autoclave is 
adjusted to achieve this because it can be 
calculated from knowledge of the pre-
sterilization bioburden and the degree of 
heat resistance of the spores (from their 
death rate – in other words, the slope of 
the survivor plot).



 So, in the example above, the required SAL (a log 
concentration of survivors of –6) would be achieved 
following exposure for 10 minutes. 



Sterility assurance level and survivor plots

A survivor plot or kill curve 
(semi log curve)



 Good manufacturing hygiene that results in lower 
levels of microbial contamination prior to sterilization 
therefore affords several benefits:
shorter autoclaving times that reduce energy 

costs
shorter heat exposure which is likely to 

reduce degradation of the active ingredient;
 fewer dead bacterial cells in the product after 

sterilization, which would reduce the risk of 
the injection failing the bacterial endotoxins 
test



D-values

 The rate at which MOs are killed in a sterilization 
process is expressed as the D-value (decimal reduction 
time)

 D-value: is the time required to reduce the population to 
10% of its initial value (time required to kill 90% of the 
population)

 D-values are often quoted for bacterial spores exposed 
to steam-sterilizing temperatures, and in this situation a 
subscript is added to the D-value to indicate the 
temperature at which it was measured. 



D -value
 The D value is a measure of the heat resistance of a 

microorganism. 
 It is the time in minutes at a given temperature required 

to destroy 1 log cycle (90%) of the target microorganism
 For example, a D value at 72°C of 1 minute means that 

for each minute of processing at 72°C the bacteria 
population of the target microorganism will be reduced 
by 90%. 





D-value
 D121 values are the most commonly 

encountered because 121 °C is the most 
frequently used autoclaving temperature; 

 Spores of Geo-bacillus 
stearothermophilus (regarded as the 
most heat-resistant species) typically 
exhibit D121 values as high as 2.0 minutes 
or more.



Survivor plot with a D-value of 0.75 minutes.



Z-values
 Steam sterilization (heating in an autoclave) is the 

most commonly used terminal sterilization 
method, and the temperature-time combination 
of 15 minutes at 121 °C, which is suggested in the 
pharmacopoeias, is the heat treatment commonly 
used 

 A pharmaceutical manufacturer is not obliged to 
use this standard autoclave cycle; it is permissible 
to use any other temperature-time combination, 
provided that it achieves the required SAL.



Z-Value
 It is logical to expect that the rate at which 

contaminating organisms are killed would increase as 
the steam temperature increased, so it would be useful, 
when designing a sterilization process, to have a 
parameter which made it possible to calculate by how 
much the rate was changed for a given change in 
temperature

 The Z-value is a parameter which indicates how killing 
rate is influenced by temperature

 Z-value: is the number of degrees Celsius temperature 
change required to achieve a tenfold change in D-value



Z-value:
for G. stearothermophilus spores.

 In this example the Z-value is seen to be 11 °C, because 
the time required to kill 90% of the spores (D-value) is 
reduced tenfold as the steam temperature is increased 
from 99 to 110 °C, and again by a further tenfold from 
110 to 121 °C



 The Z value reflects the temperature dependence of the 
reaction. It is defined as the temperature change required 
to change the D value by a factor of 10. In the illustration 
below the Z value is 10°C.





Z-value:
 If both the Z-value and the D-value at one 

temperature are known, it would be possible to 
calculate the D-value at any other desired 
temperature from the equation below

 Z= 𝑇2−𝑇1
𝐿𝑜𝑔𝐷1 −𝐿𝑜𝑔 𝐷2

 if a population of spores with a Z-value of 10.5 °C 
had a D-value of 9.0 minutes (D1 in the equation) at 
115 °C (T1 in the equation) and it was necessary to 
know its D-value at 121 °C (T2 in the equation) pg
179



A working example of how to use D and Z 
values in pasteurization calculations:

 Pooled raw milk at the processing plant has bacterial 
population of 4x10exp5 /mL. It is to be processed at 
79°C for 21 seconds. The average D value at 65°C for the 
mixed population is 7 min. The Z value is 7°C. How many 
organisms will be left after pasteurization? What time 
would be required at 65°C to accomplish the same 
degree of lethality?



 At 79°C, the D value has been reduced by two log cycles 
from that at 65°C since the Z value is 7°C. Hence it is 
now 0.07 min. The milk is processed for 21/60=0.35 min, 
so that would accomplish 5 log cycle reductions to 4 
organisms/mL.At 65°C, you would need 35 minutes to 
accomplish a 5 D reduction.






