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Abstr act
The present work is designed to study the parameters interaction of sterilization
processes in batch bioreactors (fermentors of volume 120 liter with medium of 56784 kg).

he parameters include the effects of sterilization temperatures (117-1260C), time of
heating, time of holding, and time of cooling on removal of all organisms, and degradation
degree of medium. Direct steam was used for heating at different temperatures ranged

from 1200C t0 180 0C. The B.Sear other mophil us was sdl ected as the present contami nants.

Another bioreactor of volume (56828) liter was studied at 1210C for the same contaminant
and compared with actual data.

This study is achieved by designed procedure and simulation program useful for
the optimization of batch sterilization cycle in large-scale fermentors. The method of
optimization used is Genetic Algorithm (GAs) which uses probability to find the optimum
condition for the sterilization cycle and to find Dd factor; which is the reduction value of
initial to final number of microorganisms, and then evaluate the cost which depend on
amount of steam consumed in the sterilization processes

Graphical relations was indicated that as fermentor size increase, the time of
heating also increase. For low temperature the time of holding wasincreased and for high
temperature the time of holding was decreased. Also these relations wereinvestigated the
best conditions between holding time and Del factor for degradation at different
temperatures.
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I ntroduction

One of the first and most
critical unit operations required for
successful  fermentation is  medium
sterilization. The choice of the
sterilization method depends upon
several factors including effectiveness
in achieving an acceptable levd of
sterility, reiability, effect on medium
quality, and cost, including operating
and capital expense to achieve sterility
(Cooney, C.L.1985)[1].

The term "sterilization" is the
process designed to produce a sterile
state and it is defined as the total
absence  of living organisms;
sterilization in the absolute state cannot
be achieved so thisterm.
indicates a probable conditions of
complete  freedom  from  viable
microorganisms. The nature of the
process of killing microorganisms is
similar in its kinetic to a first order
reaction (Perkins, J.J, 1969, Aiba,
Sand et.al. 1973) [2,3].

Mainly there are two methods
of  seterilization: (A) physical
seterilization, which includes (sunlight,
drying, dry heat moist heat, filtration,
radiation and ultrasonic vibrations) and
(B) chemicals, which include (acids,
alkalise, sdts, halogens, oxidizing
agents, reducing agents, formaldehyde,
phenol, soap, dyes and erosol). The
application of heat, in particular moist
heat is practiced more than all others,
because it is simple rdiable and
(Cooney, C.L., 1985 and Perkins, J.J,
1989).[1,2]

The thermal death point
(TDP) is generally defined as the lowest
temperature at which a suspension of
bacteria or other organisms in an
agueous medium is killed in 10
minutes. A more particular term is the
thermal death point (TDT) which is the
time required to kill culture at specified
temperature (Lutman, B.F., 1929) [4].
Therefore, it isimportant to
optimize the heating process so that a
medium is sterile after heating but
minimal damage is caused to the
ingredients of the medium.
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The aim of this work is to find
the minimum cost of sterilization
process by evaluating different
sterilization conditions effect on the
batch sterilization cycle, these include:-
1- Temperature of sterilization, and thus
(amount of steam needed). 2- Time of
heating, holding and cooling for each
case at sterilization temperature
respectively.

This will be done by using a
new method of optimization, Genetic
Algorithm, which is search algorithm
based on the mechanisms of natural
sdlection and natural genetics
Theoretical Aspects

In batch sterilization process,
the medium is placed in the fermentor
and the content is heated to the
seterilization temperature (Hawker, L.E.
and Linton, AH., 1974) [5]. A
fermentor may be sterilized empty and
then filled with sterile medium from a
continuous  sterilizer  (Kelsey, J.C.,
1959) [6],. In order to assess the time
and temperature reationship, applied
equation (1) presenting the kinetic of
microbial desth.

pm kyN ..(2)
which on an integration on a fixed
value of Kd yidds:

(2

since Kd is not constant but varies
according to the temperature which is

given by Arrhenius Eq.(3):
- E

K, =a*exp(— ..(3

d p( RT) ©)
SO we get:-
dN E
— =A*exp(- —)* N ..(4
o p( RT) 4

Temperature is a function of time
depends on the type of heating process.
An integration of Eq.(4) given:
Nf t\ = E
InN— = ACEXP* (= )dt

RTO ...(5)

o [o]
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The temperature time profile
depends on number of factors. The
medium can be heated by direct steam
injection, or indirectly by heating coils
or jackets, or dectricaly, or
combination of the methods, (Aiba, S
and et.al 1973, Jaypee, 1995) [3,7]

The cost of the process can be
calculated from Eq.(6) (Jeen, F.C.,
1970) [8].

cost = MeNe+é_ Ee +aLé_ I

....(6)
aL depreciation of equipments taken as
(0.3), multiply by lang factor (3.6). the
numbers of run can be computed as:

_ Anual - working - time _
total - time - of - process
7200 hr
t

e

total

A7)

t ., represent the time for cleaning the

fermentation vessd (hr), time for
fermentation (hr), time for sterilization
(hr), time for inoculation (hr) and time
for discharge the broth (hr).

Genetic  Algorithm and
Procedure Genetic Algorithm

Design

Genetic Algorithms (GAs) are non
mode based optimization methods with
the ability to search along parameter
space in highly direct way. The magjor
strength of Gas, namely optimization
with no initial guesses, no derivatives
of the abjective function and scope with
loca minima. Genetic Algorithms
(Gas) are search algorithms based on
the mechanisms of natural selection and
natural genetics. They combine survival
of the fittest among string structures
with a structured yet randomized
information exchange to form a search
algorithm with some of the innovative
fair of human search (David, E.. 1989)
[9]. GAs will exhibit behavior similar
to that described in Darwin's evolution
theory, relatively high fitness structures
have a large chance to survive and to
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produce even higher fitness off spring.
The result will be an increase in the
overal fitness of a population in each
generation (Batlett, 1995) [10]. GAs
start by randomly generating a
population of individual (chromosome)
each representing a point in the search
space. The chromosomes are then

evaluated to obtain a quantitive
measure of how wel they perform as
possible solutions. The deailed

description of GAs with program is
shown in reference (Salah, N.F., 2001)
[11].

Design-Procedure

In the design of a sterilization cycle
for ensuring the success of a
fermentation process, there are a
number of assumption criteria that must
be fulfilled. There are important points
to be considered:- (1) How to reach
such typical cycle, reduce the cost of
sterilization, and how can we get use of
each temperature, how can we be sure
that the time for sterilization specified
is enough?

To simplified the problem by
considering the population to consist of
a single heat resistant spore (Bacillus
stearothermoPhilus). The thermal
deactivations of this spore are wdl
known and have been found to follow
the Arrehenius rdationship  with
temperature. This assumption leads to
the design of a conservative
sterilization cycle. Therefore integration
Eq.(5) becomes:

N

t
o = LN NN° = Ac‘)axp(- E/RT)dt
(8)

where:

R is the universal gas constant = 1.98

cel

moi %k

E is the activation energy = 67700 :r;
A is the frequency  factor
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37 -1
=9.5x10 min

T is the temperature (K) (Ashley, and
Mooyman, 1982)

The symbol ¥ (heating, holding,
cooling) represent the design criteria of

the sterilization process. YV s the
logarithmic ratio of the initial to the
final population, and is called the De
factor. The Dd factor provides an
indicator of the severity of the
sterilization procedure.  The ddail
design procedure and optimization
program is shown in reference (Salah,
N.F., 2001) [11].

The Gas treats an optimization by
setting up a population of conditions
and then after evaluating those
conditions, produces a new population
of conditions (next generation) by
breeding from the best conditions of the
parent populations. After random
mutation of some individuals, the whole
process continues until a suitable result
is achieved. The vector of parameters of
one individuals is coded as a bit string;
each hit gives the value of part of one
parameter. The coded variables are
firstly the temperature, which is ranged
from 100 °C to 130 °C and thus have
five bits that simulate this range
secondly. Time of heating ranged from
40 to 100 minute and thus it have six
bits that simulate this range; thirdly,
time of holding ranged from 1 to 50
minute and thus it have six bits that
simulate this range finally, time of
cooling ranged from 30 to 130 minute
and thus it have bits that simulate this
range ; thus we have final chromosome
of length 23 bits as follows:-

Temperature Time heatig Timeholdig Tim coolig
0 4|5 10 |1 1 (1 23
1 6 |7

The fitness function is the decimal
equivalence of binary string.

Results and Discussion
Theresults of the optimization
was presented by evaluating the effect

of varying batch sterilization conditions
on the process parameters.
Effect temperature
It isimportant to asses the effect of
optimum seterilization temperature
on relevant criteria in order to minimize
overal nutrient degradation. Therefore

a batch fermentor of volume 120 m3
with total mass of media of 56784 kg is
assumed and using direct steam
sparging. For a range of sterilization

temperature(117-1260C) the optimum
result of the time of heating, holding
and cooling should be used as shown in
Figs.(1to 3).

The general trends of these Figs.
are similar; high temperature requires
shorter time than low temperatures.
Figure (4) gives a comparison between
actual data Diendoerfer
(Deindoerfer,1957) [13]. and estimated
data of temperature and times of
heating, holding, and cooling to get the
sum reduction in viable organisms at

temperature of 121 0C. one finds small
difference between the actual and
estimated  calculations due to
approximation in the equations with
regard to conditions.

Effect of Fermentor size

The time taken to reach
sterilization temperature and cooling to
initial temperature will vary according
to the size of vessd as shown in Figs.(5
to 8). These Figs. Show a comparison
between the actual data from
Deindoerfer (Deindoerfer, 1957) [13]
and the results obtained from the
program when using the same volume
and to reach the same reduction in
viable organisms (Dd factor). The
general trends of these Figures are
similar to that of actual results.

DeathRate of Microorganisms

Figures (9 a, b, ¢, d) shows death
rate data for spores of bacillus
stearothermophilus for the condition
used in the optimization proves, the
general trend of these Figs. Is similar to
the actual data by Aiba and Humphery

[5].
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D Factors

Figures (10 to 12) shows the
reduction value of microorganisms (Del
factor) with temperature of sterilization

(for range 117-1260C) at different time
of heating, holding and cooling.
Fig.(13) gives the relation between the
Dd Factor of the nutrient degradation
with time of holding at different
temperature, this Fig. alow the
sdection of acceptable combinations of
sterilization temperature  without
causing nutrient degradation.

Effect of Amount of Steam
Amount of steam can effect the cost

of the process. The change of the total

mass of steam depends on the enthalpy
difference between the temperature of
steam and initial temperature of the
media. Steam of temperature given total
mass of steam less than if we use lower
steam temperature as seen in Figs.14

and 15

Conclusions

The following conclusions are
drawn from the present study:-

(1) An optimization method based on
the natural sdection (GAs) is
presented which can be used to
determine the optimal sterilization
temperature and necessary hold time
that will minimize overall nutrient
damage while ensuring sterility.

(2) The effect of long heat up time, and
cool down time have adverse affect
on the product yidd due to high
value Dd factor ¥, , estimate of
degradation for a typical nutrient.

(3) The value V.,of overal cycle
varying from 7.97
to 371.12. It was found that at De
values of about 36-56 give the

sterility levd and minimum ¥,
value, which mean good
productivity.
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Nomenclature

requency factor for first order o1
reaction min
ubstrate concentration g.bio/L.
AE  ctivation energy J/mol.K
mount of steam, water Kg
Ei Cost of steam, water $
K Specific death rate constant min_l
Mc Cost of fresh medium per batch $
N Final number of microorganisms No./mol.
No Initial number of microorganisms No./mol.
Nc Number of runs
R Universal gas constant J/mol.K
T Temperature %
t Time min.
a Absortivity of can .
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