
Example 2: Inactivation of B. subtilis spores

For the inactivation of B. subtilis spores is A = 9.5 x 1037 min-1 and E = 287.4 kJ/mol. 

Calculate the holding time for a liquid enriched  with spores  at 115°C, so that a death ratio 

of 106 will be reached.

Solution:

At 115°C 

k = 9.5 x 1037 exp(-68690/(1.9872 . 388)) and

k = 0.1937 ln(N0/N) = kt and ln(106) = 0.1937 t

therefore t = 13.82/0.1937 = 71.3 min  

cal/mol (1 cal = 4.184 J)

cal/(mol.K)



Example 4: Scaling-up sterilisation

For a 10 L laboratory bioreactor a sterilisation criteria of  = 50 is sufficient. Which is the 

minimum sterilisation criteria, if the process is scaled-up to a 1000 L reactor?

Solution:

If N constant:

1000L = ln(100.N0/N), or

1000L = ln(N0/N) + ln100, or

1000L = 10L + 4.6

Therefore for the bigger scale a sterilisation criteria of 54.6 

is necessary. 

General:  bigger reactor = smaller reactor + ln(Vbiggerreactor / Vsmallerreactor)



Example 3: Sterilisation of a bioreactor

In a bioreactor 10000 L of medium was sterilised at 120°C.  The time/ temperature profile  for this process 

is summarised in the following table:

Temperature Time 

(min)

k

100

105

110

115

120

120

115

110

100

54

61

69

79

91

101

104

107

114

0.0143

0.0477

0.154

0.483

1.47

1.47

0.483

0.154

0.0143

Heating time (100-120°C) : 37 min

Cooling time (120-100°C) : 13 min

Holding time (120°C)        : 10 min

Calculate  ges (= heating + holding + cooling)!

Use the following table! 

With 1°C/min



Example 3: Sterilisation of a bioreactor



Solution

• Heating: 100°C – 120°C: 37 min

• Holding: 120°C : 10 min

• Cooling: 120°C-100°C: 13 min

From Table: k120 is 1.47

 120 = 7.25

heating = 1.85 x 7.25 = 13.41  (because 1.85 = 37/20)

hold=k x t = 1.47 x 10 =14.71

cooling = 0.65 x 7.25 = 4.71 (0.65 = 13/20)

-→ total = 32.82



Example 1: Calculate the dimensions of the reactor

A stirred tank bioreactor is  
approximately cylindrical in shape.
It has a total volume (Vt) of 100 000 litres.

Dt:Ht

Da:Dt  

Db:Dt

0.50

0.33

0.10

The geometry of the reactor is defined by the following ratios

Calculate: Dt, Ht, Da, Db



Example 1: Calculate the dimensions of the reactor

Convert the volume to SI units.

The volume of the reactor in SI units is 100 m3

(This is a very important step - Always use SI units!!!!)

Use the equation describing the volume of a cylinder

Since Ht = 2 x Dt

Our equation becomes



Example 1: Calculate the dimensions of the reactor

Substituting in our value of Vt, we get Dt, Ht, Da, Db

Dt =     4 m   

Ht = 2 x Dt = 8 m

Da = Dt /3 = 1.33 m

Db = Dt /10 = 0.4 m


