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Experiment 10 Lo it i =oe

Data handling and interpretation associated with heat sterilization
processes Ul iy Dt ¢

The objective of this experiment is to familiarize you with data handling and interpretation
associated with heat sterilization processes.
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moist/hat and B.pumilus for ionizing radiation.
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When microorganisms are exposed to a killing process, they lose their viability in an =) == o=
exponential pattern independent to the initial count. Q srs (e
Survivor curve: plots the logarithmic of the fraction of survivors against the exposure time or
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Typical curves have a linear portion which continuous (plot A) or modified by an initial ; /mk_;;_
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Figure 21.1 Typical survivor curves for bacterial spores
exposed to moist heat or gamma radiation.
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Sterility assurance level (SAL)

The term ‘sterile’, in a microbiological context, means@ surviving organisms whatsoever.
Thus, there are no degrees of sterility; an item is either sterile or it is not, and so there are 110
levels of contamination which may be considered negligible or insignificant and therefore
acceptable. From the survivor curves presented, it can be seen that the elimination of viable
microorganisms from a product is a time-dependent process, and will be influenced by the
rate and duration of biocidal action and the initial microbial contamination level. It is also
evident from survival curve A that true sterility, represented by zero survivors, can only be
achieved after an infinite exposure period or radiation dose. Clearly, then, it is illogical to
claim, or expect, that a sterilization procedure will guarantee sterility.

Thus, the likelihood of a product being produced free of microorganisms is best expressed in
terms of the probability of an organism surviving the treatment process, a possibility not
entertained in the absolute term °‘sterile’. From this approach has arisen the concept of
sterility assurance or a microbial safety index which gives a numerical value to the
probability of a single surviving organism remaining to contaminate a processed product

For pharmaceutical products, the most frequently applied standard is that the probability,
post-sterilization, of a non-sterile unit is no more than 1 in 1 million units processed (i.e. <
10°°).

SAL also describes the killing efficacy of a sterilization process. So we can say that a very

effective sterilization process has a very low SAL.
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Expressions of Resistance

1. D-value.
2. Z-value.
3. F-value.

D-value o
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For heat treatments, D-value is defined as the time taken at a fixed temperature required to
achieve a 90% reduction in viable cells (1 log cycle reduction in survivors).
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The calculation of the_D-value[assumes]a linear type A survivor curve, and must be corrected

to allow for any deviation from linearity with type B or C curves.
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B ’/’-"’W—"-'High D-value reflects an increase in the resistance of the microorganism to the killing
eSS process.
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Figure 21.2 Determination of:

Table 21.1 Inactivation factors (IF) for selected sterlization protocols and their corresponding biological indicator (BI)
organisms

Sterilization protocol Bl organism D-value LogIF

Moist heat (121°C for 15min) B. stearothermophilus 1.5min 10
Dry heat (160°C for 2h) B. subtils var. niger Max. 3min Min. 40
Irradiation (25kGy) B. pumilus 1.9kGy 132
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For heat treatment, a D-value only refers to the resistance of a microorganism at a particular
temperature. Vrmps —s L w2055 12 e uall i (5 grary ¢ IO 30 i Qo ( Dumlice = [0miy) 2155 o .
In order to assess the influence of temperature changes on thermal resistance, a relationship G 2, 4: _1 1%
between temperature and log D-value can be developed, leading to the expression of a Z- i ec -
value, which represents the increase in temperature needed to reduce the D-value of an ben Gili

2 organism by 90% (i.e. 1 log cycle reduction).
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For bacterial spores used as biological indicators for moist heat (B. stearothermophilus)
sterilization processes, mean Z-values are given as 10 °C. (7 o=z At 1027 162)
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Sterilization protocol Bl organism D-value LogIF
Moist heat (121°C for 15min) B. searothermophilus 1.5min 10
Dry heat (160°C for 2h) B. subils var. niger Max. 3min Min. 40

Irradiation (25KGy) B. pumilus 19KGy 132
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In any heat sterilization process, the articles jto be treated must first be raised to sterilization =" !,u'd.ujs

temperature and this involves a heating-up stage. In the|[traditional approach|_timing for the =#~ "3’“:'_‘/)
©7 == < yrocess (the holding time) then begins. It has been recognized, however, that during both the ¢ “ <" Z’”‘j’/
o\t O S heating-up and cooling-down stages of a sterilization cycle, the product is held at an elevated "é"‘ ”/: bﬁ
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Figure 21.4 Typical temperature profile . c}fliﬁ F Gl t;,')‘, s

of a heat sterilization process.

Typical temperature profile of a heat sterilization process
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During the heating, sterilizing and cooling stages of a moist heat (steam) sterilization cycle = /--Cs5 %)
the temperature—time combinations can be converted to the equivalent time at 121 °C. s Wi o
s by QIS 05\ 121 s pmin Fo] o Fode ~oulsle > AT 2 oS W AL U ) an V Lo 5 9)% i sl

Using this approach, the overall lethality of any process can be deduced and is defined as

the F-value; this expresses heat treatment at any temperature as equal to that of a certain

number of minutes at 121 °C. = s«f2 o/ Fon s M2 @l gl oleoslo 1D = frplee [go S, U L pries s Ldic |
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In other words, if a moist heat sterilization process has an F-value of x, then it has the same

lethal effect on a given organism as heating at 121 °C for x minutes, irrespective of the actual

temperature employed or of any fluctuations in the heating process due to heating and

cooling stages.



The F-value of a process will according to the moist heat resistance of the reference <.z, 4
organism. I Q) Frvnbe £T SIS E Drih Ve 0,525 g 518 FEI WIS Loyl | NG e, M

When the reference spore is that of B. stearothermophilus with a Z-value of 10 °C, then

the F-value is known as the /' -value. RNwh Iy sefppsn . o1 | g el F ) yeals \L
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A relationship between F-and D-values, leading to an assessment of the probable number of ¢ p .=

survivors in a load following heat treatment, can be established from the following equation: ..} ;% g7 c-

F = D(log N, —log N) P Y (gt ) so 0 MO r(}
Then logN = log N (5)

ogN = log Ny D l"‘::‘)’df_m”& éﬂ\)—l} b >rs
Where D is the D-value at 121 °C, and N j and N represent, respectively, the initial and final =~ fovefe [Pt
number of viable cells per unit volume. (PN e

The F-concept enables a sterilization process to be individually developed for a particular” wl> #= 2=V
product. This means that adequate sterility assurance can be achieved in autoclaving cycles in . 79/

which the traditional pharmacopoeial recommendation of 15 minutes at 121 °C is notzid-:5) SV
achieved. Mo N Sals w2 AN Ly U

The holding time may be reduced below 15 minutes if there is a substantial killing effect® P 'wj?L,S,
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during the heating and cooling phases, and an adequate cycle can be achieved even if the 7/ )
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Thus, F-values offer alternative sterilizing cycles and a mechanism by which over-processing ~~4=4'“” O

of marginally thermos-labile products can be reduced without compromising sterility o f:;," : '

assurance. (= G 5r) v—lbis SAL Gops dpr > heul - semtive
F, values calculated by using the following equation:
T-121
_ F,= 107 x At
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where A ¢ is the time interval between temperature measurements, 7 is the product
temperature at time ¢, and Z is (assumed to be) 10 °C.
Example: AL G L piw it S
If we assume sterilization lasts 15 minutes, constantly at 111°C, we instead obtain:— U lo w 1T e
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111-121 -10 e Lt o G 21
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F,=15%10 © =15%10" =15"=1.5' Mo yiz Lo
197°C = 1.5 min
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Therefore, a 15 minutes’ sterilization at 111°C is equivalent, in terms of lethal effect, t
1.5 minutes at 121°C; this can be easily expected if z = 10.

Similarly, if we assume a 15 minutes’ sterilization constantly at 124°C, we have:
A 0N G 1 Usee G S22 3 2 97 o () =, 1,0
124-121 3

F,=15%10 © =15%10" =29

If the heating process involve multi stages (heating, holding and cooling) F  total will equal
to: puidll (o s Mo YS

F =F  heating + F | h(})rlding tF, CO%_Iing
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