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A. Microbiological processes

1. Characteristics of microbiological process systems which
affect design of equipment and plants

2. Microbinlogical process types
a) biomass production
b) conversion
¢) metabolite production

3. Process steps

a) preparation cnd sterilization of medium
'b) culture development and inoculation
¢) reaction

d) separation and isolation
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Permentation technology appears (o he about to wwderge (ta firet
substantial enpansion in many veare The sraospecte for large-acals
production f micrahial protein ate ewrelient and the senufl s ture
of enzyme products ts already srcelerati-yg  We shoid therefare he
dle to ook forward to the ¢ et 1 i 0 o f 4 sssbher of cow
fermenta:r i oo plantas gand 1 ine reases i the ¢ apds $fies of many ol
ones I these expectations comw to pase, engineers steapmeibie

for design f the new facilities will faie a variety of testr lgulng
problems ‘o1 which past experience and rurrent pras tive ~ffer jittle

guidance

The Jiversity which we see in the products of fermentation technolog:
tends to conceal the uniformity which prevades the design of equip
eent and plants for produ ing these materiale v terme of s urten:
focilities there are only 1w typer of fermentatioe prie eages The
first compiines biomass prodoc tion by the propagst e of celle in
& htghiy aerated medium under condit i s whis B o ae wly e - sl ied
“sgeptic’ - o1 perhaps simply "clean”  Yeast manufactute dominates
this class In contrast & wide vatiety of celi meiabojites are
produced in media whith tequire hoth tnterse aglearion and artat fom
and the maintenance of s h more 1igotons condit bane whis b owe
normally term "pure culture"” Antibtotice, citric acid, and many

of the enzymes and growth factors are examples

Neither of these process- types has benefited muh from the mulern
practice of chemical engineering Yeant produc tion techniques
were well established long before the (hential engineer was
concelved and born  Aside from some contsfbutions 1o a8 better
understanding of the mechanfsm of oxygen supply he has made little
impact here Deep tank processes for antibtotics | ensyaes and
organic acids were developed muh more recently and englneering has

been involved from the stavt Fven so thoartes of miviaoblal process,
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equipment, and plant design have advanced very little in the last

two decades. Except for their larger capacities (thanks mainly

to improvements in the mechanical design of agitation equipment)
and some details of valving, air filters, etc., fermentors installed
in the last year show little that is different from their ancestors
of the 1945-50 period. Indeed, the older units are working away
beside the newcomers and still provide the bulk of fermentation
capacity in many plants. This {ailure to develop design me thods
for micr ' fal processes is understandable; the industry simply has
not generated the demand. Nevertheless, we face the prospect of
being called upon Lo design a wide variety of new facilities with a
set of concepts and methods which are outmoded and inefficient.

Two facts are especially significant 1In this respect.

First, any new facilties for microbial protein and enzyme production
will have to measurc up to standards of economy which simply did

not apply when many of the existing fermentation plants were built.
Most capital cost items and many elements of operating cost are
extremely sensitive to design decisions and it will be necessary to

introducc every possible saving in these areas.

The second factor is the oae which underlies this vevy meeting. If
microbial technology is to provide benefits to the economies and
socicties of developing areas, it must be suited to their needs and
technical resources. Many design considerations operating in
developed areas are absent or less important while others become

much more critical. In the discussion which follows a number of

specific {1lustrations will be cited to support this contention.




MICROBIAL PROCESSES FROM THE DESIGN STANDPOINT

Before we consider the aspects of microbial processes which are

of epecial significance to the designer of equipment ani plants we
ought to define what we are talkiny about The term microbia
processes is used herve to denote chemical processes carvied out in

the prescnce of metabolically active cells of microorganisms

This is obviously a practical definition rather than a theoretical
one and it omits, for the purposes of this discussion, chemical
transformations brought about by cell-free extracts, purified
enzymes, etc. The future potential of these techniqu:s is very

great indeed but the design problems are both simpler and more akin
to conventional chemical reactions. Our "practical' definition also
fails to include processes catalyzed by plant and animal tissues,
simply because the prospects for their commercial us¢ are still quite

remote.

Microbial process types

We can recognize three broad classes of microbial processes in terms
of the objectives for which they are carried out. The first of these
is the production of cell tissue (biomass) itself. Yeast propagationm
for food and feed is the classic case - and almost the only o.c of
significance. Now the preparation of a much greater variety of
microbial cells for their protein values is at hand. Biomass produc-
tion seems certain to comprise a substantially greater fraction of

the total output of fermentati n technology in the years ahead.

Second, and most significant in economic value, is the production
of metabolites elaborated by the cells as they grow. Some of these
arise from bivsynthetic activities; others are end or intermediate

products of carbohydrate oxidation. Examples are (1) citric acid,

(2) amino acids, (3) growth factors, (4) enzymes, and (5) antibiotics.
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The third class of microbial process is wore difficult to deline

[t Includes those processes in which the celle are used to b o ing
sbout & limtred and ofren simple hemi-al (hange inp the suhstrate
Microhial trans! ymatioon of stevoids s an extellent example but the
produc tion of Lo oiie actd by the oridation of glawose In an
equally salid me

It §i8 true that we could consider this type a2f process to be only

a vartant ot the seoond (metabolite) category Still theve (o @
diffevencs v this case only a limited manher of the cell’s
enzymes are helog cxed o perhaps only oone In a real sense this
kind of proces: approximates a simple ensymat i conversion in which

we have negl.ted 1o remave ihe cells

Physical torms

Of much preater importance to the designer (s the physical fom
of the mi oy hial process with which he must deal Figure |
gummnarizes the raoge ot phvsieal situatioas which are encountered
Media may be tluid or aolid = and here agatn the distincrion s @
very practical one "Flusd" media oare thoess readily moeved by

conventional pumps, Ueoltd" media are the rest

Most commerd Pally spyoitloant procosses Loday (excent tor alcoholie
beverayc manufacture) are aerobic and oxygen must he supplied This

can be done in various ways all of which lead to an impressive and

of ten confusing spectrum of specific apparatus.

Operational mordes

Finally microbial processes may be carried out in a variety of
operational modes .  Batch processes exhibit inherent unsteady-state
behavior and do not provide tor ef ficient utilization ot available
equipment. On the other hand they are well suited o the proaduction
of a wide range of products e h in limited amounts Since this
pattern is generally typical of current fermentation technology,

batch processes predominate.

-4
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In theoty continuous processing offers conomic incentives and
wetational advantages over hatch methods yot {t e little uned

tn microhial terbhnniogy Feed yoast prohw i wm fe the oaly
slgnifi. ant rasmpis hgain, a relaticely ‘arge produn t requirement
I8 necersary (f the theoretical sdvantage: f owmit irp oue pfowessing
sre to he sealized in pra tice Mi:rhial tevhnal gy has seldom
provided thies in the pasi hut the new sicrobtal proteio provesnes

will make ¢ mtimeius spervation ohiigatory

A point whish often seems 1 he lsvat tn Mg, ugsione f o owrt { aursgs

el tivation ias the [ac! that wvery few - T any - chemis al ptow eoss

operastions are truly continuou. Even a large petrolewe refinery,
often considered to be the epltom of continumue stead, state
operation, (= nolt Parts of (1t ave shut Sdawn froes fime o tigne

and an overall appiontmat i 4 vomtinuits Is iy a hileved throggh

the Judicious use f large volumes f (otermediate 2t irage @ anks

It fe quite possible that the a'optiao of continuus methole in
foermentat ion techn logy would be hasterned (f its adv o ates and

developers would aim at sieady state operaticn for perd de ot W80

“yt at mwigt Foenn shorio: prerioats would offer rval e o omibs
o S vl 8
fncentivesn Deltherate shutdimn to permit precenti.e ! refoorula

tlon would avold or mitigate many of the techilcal ditticuities,

especially « mtamination and culture degeneration, which are foared

Aseptic operation

A design constraint unique to stcrobial proccesaes s the requive-

ment for aseptic, or “"pure culture' vperatfon This means that
the process system should be free of all microorganisme except the
chosen agent which we have deltherately fotrodued Sire e absolute
freedom from extraveous organisms fo difffoualt 1o achiese In plant
operation a more practical stando:d of asepsis Is o order Ve
can say that operation {s satisfacrory wheo the population of
extrancous organisms is kept so low as cot to (1) tnterfers with

the formation of desired products or thelr subsequent recovery,

-5.
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(2) cause significant loss of these products once formed or (3)
bring about an unacceptable level of foreign contamination in the

final product

In the case of metaholite-type processes, the first two criteria
are the most important for the final product is ordinarily isolated
from the braoth hy complex ¢hemic al procedures which effectively
eliminate any contaminants For microbial protedn product fon,
however, the third criterion may well he the most important [t is
conceivable that a trace of some undesirable contaminant too small

to impede successtul propagation could still render the product

unacceptable for food use.
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PROCESS SYSTEMS

Microbial processes exhibit a common process sequence which is
svmmarized In Figure 2. The fivst step is substrate preparation

(or pretreatment) fn order o make the primivy carbon source

avaiflable to the microoryanism Next the primiary substrate is
combined with sther ingredients - nitroger source, minerals, wrowth
factors - in a balanced mediam which is then sterilized This

medium (s theo incculated (o1 scede) with the desived orvanism in
more or less pure culture and the cosversion (or reaction) pha-.
ensures Next | cells arve separated trom the speat mediue and, finall

products are recovered from either the medium, the «olls or both

Regardless 1 the type of rganism and medium emploved or the
operati nal form, this hasic process schene appears in all fermenta-
tion processes.  Somctimes the first Step Is unnecessars because
the carbon scurce in the raw material is aire | Iy Biologionalt,

available (corn supar, sucrose in molasses, eto ) Stitl, in the

3

i

case of molacses and rany othor raw materials, s pretreatment may

be needed t v ot her reasons, removal of inhibitore catio s, collaidal

L]
satter, ete | for instance Lt mav also be poesible t0 oliminate
the final step but this is rare For example, some crude animal

feed componinrs are prepared by simple sprav-drving the complete

broth, oryanisms {nclade!. at the emd of the reaction phase
¥ ¥ 3 2

m_ batch process

Most industrial fermentation processes todav are carried out in the

batch manner The only substantial exception to this i{s the
manufacture of veast, especially teed veast, which i« ordinarily a
continuaus Snerat ton BRatch processes are inherently uts teady state
some o1 al! of the procesce varfables change with tin - Ao a result,
productivity f« not constant and the averayo outpot 8 s b a proces:
is always less than the maximum out put A schematic diayram

representing the various phases of a tyvpical bateh process is given

- -




in Figure 3.

Productivity, the average rate of production of the unit, is
reduced in batch fermentation processes because of the lag which
occurs after inoculation but also because of the time required
for "turnover' (emptying, cleaning, and servicing) of the unit
and preparation for the new batch. Good scheduling and a well-
organized reduces turiovel time but there are inherent difficulties
if the plant i. making a variety of products utilizing different
media and requiring different batch times. It is sometimes
impossible not to have fermentors idle for periods longer than
needed for turnover. Continuous sterilization also helps, as we
shall sece, by reducing the batching and sterilization time. It
too is limited by the total plant operation, however. If, as is

so of ten the case, many products, each in relatively small volume,

are manufactured, continuous sterilization is not practical.




REACTOR SYSTEMS

The fermentation reactor - or fermentor - has been the subject of
most of the attention so far given to the design of microbial
Process equipment. This is entirely fitting because in this one
unit, most of the activities which uniquely characterize fermenta-
tion take place - either by intent or accident. Here the micro-
organisms grow and bring about product formation and it is here that

the process is most susceptible to contamination.

Because of the economic dominance of aerobic, deep-tank processes,
aeration and agitation of the reaction mixture (organisms plus
medium) has been examined in great detail. Heat tripsfer, on the
other hand, has received little attention. It tnn::)rdinarily been

a problem in conventional fermentation processcs carried out in
temperate climates. Microbial protein produc tion from non-
carbohydrate substrates releases heat at substantially higher rates,
however, and the removal of this heat of reactiou imposes a new and
significant burden on fermentor design. In tropical or semi-tropical

climates it will surely be the most critical factor.

The primary factors which affect the choice of the basic reaction

configuration for any fermentation process are thesc:

(1) Is the process to be batch or continuous?

(2) Is the fermentation '"reaction" rapid or slow?

(3) Is the oxygen demand vcry high, moderate, or low?

(4) Is there a heat removal problem?

(5) What are the physical characteristics of the cell-medium

mixture and how do they change as the fermentation procceds?

Figure 1, summarizing the various physical forms which microhial

processes may take is also a useful guide to the reactor systems

which have been or could be employed. These are also enumerated




in Figure 1.

Anaerobic processes

Anaerobic processes using fluid media are, of course, rare today.
(NOTE: Anaerobic digestion is very important in biological waste
treatment but this area is not being covered here.) The traditional
anaerobic processes (e¢thanol, butanol, etc.) rarely usecd any form
of mechanical agitation since the gas bubbles arising from fermenta-
tion were sufficient to kecp the medium well mixed. Heat removal,
more than blending of the reaction mixture, can easily limit the
rate of an anaerobic process SO mechanical agitatiocn might be
required in large-volume fermentors. A useful alternative in such
cases would be pumping of the medium through an external heat

exchanger.

Aerobic processes

Aerohic processcs, as we have noted, dominate fermentation technology
today. Within this broad classification, however, oxygen require-
ments vary markedly as do the other process variables - especially
medium pruproties - which affect the efficiency of uxygen absorption.
Conscquently a wide spectrum of equipment types for aerobic processes
has developed. Some of these have found little commercial application;

others are widely used.

Tray fermentations - citric acid is the best known example - are
mentioned simply because they exist. It is difficult to conceive

of any ncw situation in which a static pan process would be used
commercially. Indeed, the nature of current fermentation process
development techniques virtually rule them out. Agitated (shaken
£lask) cultures are used from the start in practically all laboratory

work today.

Drum fermentors

Fermentors consisting of horizontal cylinders rotating on their axes

were introduced for a number of processes many years ago. They have

-10-~
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been used with liquid media (gluconic acid) and solfd (amylolvtic
enzymes). The contents, lquid or wet solids, are tuhled i
and over through the atmosphere o1 afr (sometimes e o hed with

oxygen) which passes through the chamber

These drum units can be very effective aeration devices [ndeed,
it was the high oxvgen requivenceint of the A niger wlve e acid
fermentation which caused them to he developed i the tirs: place
Conventional aerators used in veast producticn wore unsuitabhle for
the viscous mixture which resulted from growth of the motd Sime
deep-tank processes had not been well devel cped ot b time, e
drum system proved reasoaably satistactory With “he adveot of
penicillin, however, decp-tank methods were rapidiyoalt o and
soon replaced drum fermentors in most applicatio:s The critical
weaknesses of the drum-type unit are:

(1) increasing mechanical problems in rotating the drum as

capacity poes up.
(2) poor control of temperature
(3) difficulties in controlling other process varifables, pH

for example.

Despite these problems, investigators have shown renewed Interest
in drum-typce units in recent years. Once agnfo it ds their
relatively high aeration efficiency that atgract Al thea Is
the possibility of carrving out multi ape ©omting o Py s nes
within a single vessel wall  Inoany case, all (he 1o oot o s
fermentor proposal . have avoiaed the Ml cper g
rotaticn of the drup - by substituting mecbanie o) agtoatt i owith
multiple blades, discs, et mounted on oa borirsn ] shatt
(Figure 4)Y. Since it is also possible o g hieve the soone 0 ool -
ives in a tower-type termenter, capecially where oot oo pirie
cessing is employed, the prospects for commercial devel spment of

drum-type units are not good.

-\~




In terms of total voluwe {n operation, tank-typc reactors are
certainly the most common Again because acrobic processes are

so important, most of these units employ forced acration and

mec hao

(mainiy tecd veast plants) also employ aerated, agitated tank
pystoms The only difference between these and standard batch units
jg that =sped fatized, patented aeration-agitation systems are often

e&gxi;ww*é

A typical tank fermento {s shown in Figure 5. Agitation is provided

fea) apitation The few (ontinuous processes in operation

by stadarnd flat-hiaded turbine apitators (up to three in larger

capa i

{y vessels) (1 is dntroduced through a sparger located

bencath the lowest turhine and heat transter surface in the form of

funtern,
gam, 1ing , and mediam addition ports, exhaust lines and c¢ontrol devices

are dnstotied accoording o the experience and specific requirements

of the

Exovetiene o has shown us that the critical factors in the selection

of & spe. it desipn for a tank=-type fermentor are:

(H
(2)
The va
decp-t

Low v!
Blewe::

(i)

(M

W1 ils . an external jacketoon both, is provided. Inoculation,

SR R |

the osypen rtegquirement tovy miximum productivity

phveical propertios of the cell-medium mixture.

Ficty of specilic des iy cont ipurat ions which can be used for

Wb remesos i osummarized dw Figure 6.

S Ly protennts
s owhiieh tend oo a "ow- viscosity'" environment are:
A ot dan whio b grows individually or in small aggregates

(« Yurps o chatns) only

4 maeloum o vonbaitin oy suluble materials with little or
no suspendesd sl ids

soluble products ot Tow molecular weight,

-t~




Yeast propagation on molasses or microbial protein production from

hydrocarbons are typical.

In such processes oxygen absorption is the primary concern. Mechanical
agitation is therefore introduced only (1) to enhance gas-liquid
contact and oxygen absorption or (2) to cnsure uniformity of the
reactor conteuts (blending). Since this bleading requirement is
ordinarily significant only in very large vessels, reactors for low-
viscosity processes of ten have gas-spargers onlty, without mechanical

agitation.

A wide variety of sparger designs have been employed in order to
produce fine bubbles of air. In geueral it is desirable to disperse
the air in this way when mechanical agitation is not used. Pipes or
discs drilled with a large number of small holes are the simplest

and usually the most satisfactory performers. Spargers made up ol
fritted metals and ceramic materials show a tendency to become clogged
by filamentous organisms but are adcquate for other types. Their
greatest drawback is the relatively high pressure drops which they

introduce.

"Sonic" nozzles are designed to operate with a sufficiently high
pressurc difference so that the air velocity through the nozzle
reaches its maximum possible value, the velocity of sound. Such a
device not only produces fine bubbles but is also capable of
delivering a modest level of mechanical energy (power) to the medium.
In practice, however, the power delivered is too little to be
significant if mixing is really a problem; mechanical agitation
should be used. If mechanical mixing is not necessary then sonic

nozzles are a very expensive way of producing fine bubbles,

The airlift fermentor has received considerable interest recently
in connection with microbial protein studies. Prel iminary studies
with laboratory and pilot-scale units (Figure 7) indicate that air-

lift units can be much more efficient acrators, in terms of oxygen

b\-;-




absorbed per unit of power expended, than mechanically agitated

tanks. This advantage will only be found in low-viscosity media
of course, but as this 1is the case for most microbial protein

proposals, the prospects for this type of fermentor are good.

External circulation

External circulation devices have been proposed many times but
seldom used. Heat transfer requirements rather than aeration or
mixing arce usually the basis for their design. An external heat
exchanger operating under forced convection is a much more efficient
heat transfer device than internal coils or a jacket. The practical
limitation on extemal circulation units has arisen from our
inability to develop circulating pumps which can operate for

suf ficiently long periods without causing contamination. The heat-
removal problems encountered in microbial protein production are

again drawing attention to this type of system.

High-viscosity processes

The ability of microbiologists to develop microbial strains capable
of morce and more luxuriant growth, as well as productivity, poses

a serious problem for fermentor designers. A number of process
situations alicady exist in which the cell-medium mass reaches

extremely high "yiscosities."

In such Casc%cmnvontional turbine
agitators arc not capable of adequately mixing the fermentor contents

and ensuring adequate air dispersion and oxygen absorption,

This problem is extremely complex but there are clearly two elements
involved. First we must provide for air dispersion and subsequent
dissolution of oxygen from the bubbles; second, we must casure

that the entire fermentor contents arc adequately mixed (blended) so
that nutrients and air bubbles are evenly distributed throughout. No
single agitator design now available appears to meet both these

requircnents so compromises must be sought.

14-
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In turbine-agitated fermentors with low or medium viscosity media,
air dispersion is ordinarily accomplished mainly by the impeller.

It has been demonstrated that under these conditions sparper design
matters little; the immense local shear generated by the impeller
determines bubble size distribution. In high-viscosity media,
however, sparger design again becomes important because ‘he impeller
is no longer as effective a dispersing device. As a result
fermentors for such service are again equipped with fine-bubble
spargers in piace of the simple pipes, etc., which were long

considered adequate.

In addition to sparger modifications, special agitators have also
been designed for high viscosity media. One design which has
proven useful in pilot-scale units is made up of a group of vertical
bars (looking very much like an animal cage) mounted on the shaft
above the main turbine. These bars ensure thorough mixing through-
out the contents of the fermentor. Here again, the same difficulty
has been encountered in putting this improsement into plant use.

The total production of the material made in this extremely viscous
process is too small to justifv conversion of plant units which

must also be used for other processes.

Reactors for continuous processes

Virtually all the continuous processing carried out so far have
used a standard tank-type fermentor adapted for continuous addition
of fresh medium and overflow of spent broth. This kind of arrange-
ment limits the process to a single-stage conversion. Multistage
systems have been set up by simply connecting several such units

in series by means of pumps. Each stage is operated as a separate

unit with its own systems for agitation, aeration, and control.

An alternative to this arrangement which has attracted recent

attention is the tower (or column) fermentor (Figure 8). This




fermentor consists of a column divided into stages by perforated
plates. Medium is fed continuously to the top chamber and the
product stream is removed from the hottom. A single, central

agitator shaft operates mixing blades in each stage.

This system has important advantages over the conventional multi-
stage sct-up. The pumps 1 inking the uriits and separate systems

for level control, agitation, and aeration have been el iminated.
This not only means a considerable savings in investment but also

reduces the possibility of contamination and malfunction.

“16~




ASEPTIC OP{RATION

As we have seen, the requirement that process equipment be operated
without extraneous biological contaminat jon is unique to microbial
technology. A generally high standard of cleanliness certainty
exists in the food industry but it is vrarely as strict ae that main-
tained in the so-called “pure culture" processes, It may be that
fermentation practice is unduly rigorous in many ca. oo, Here apain
we suffer from the fact that our introduction to modern microbial
technology was the production of pencillin, a singularly labile
substance. In any case, fermentation technotogists have elected to
hold the barriers high and bear the extia cost burdens which result,

Practical asepsis

Before outlining the methods employed to maintain "aseptic operation",
the fundamental weakness of this concept must he noted,  First of all,
there is no reliable, quantitative method for meqasuring the number -
or concentration - of contaminants in a process syster, Sevondly,
individual contaminants vary widely o thoir potential of fect. The
penicillinase producer was the real encry of the peoicillin proces:
a potential pathoger or toxin producer is nore to be foared in
microbial protein production. It may well bo cime Cov fermentat ion
technology to adopt more of the practices of the foc induatr, and
Pay more attention to overall plant <anit.'ion thao te the potential
contamination of individual picces of cquivont. Then it ohevuld be
possible to define realistic levele of permissibile contanation.

System integrity

Tne typical fermentation process is suuceptible to contaaivation in
many ways but the following elemcats are the most critical:

(1) the medium

(2) the inoculum (or seed culture) and the inoculation
step

—‘7’




(3) the air supply

(4) addition (nutrients, antifoam, etc.) during
processing

(5) the fermentor itself

Unfortunately, the lack of precise techniques for detecting con-
taminant origins, coupled with human prejudice and fads, has led

to a number of impressions which are rarely in accord with the
facts.

Typical of these is the tendency to blame the air supply system
whenever masasive contaminition occurs. Existing air supply systems
have notable weaknesses as we chall see but they also have many
inherent sa‘cpuards.  Indeed it is often difficutt to deliberately
contaninate a process unit using air alone!  Far more likely
candidates for blase when contanination accurs arve faulty design
of tl reactor, especially chaft seals and fittings, and transfer
techniques - inoculum, additives, ot

Batch sterilivation of medive in the fermentor is still the cowmon
practicc. Tn this method the medium and reactor are sterilized
together and o transfer of sterile medium is necessary, The
presence of  tiw sodiun in the tank may aleo aid equipment steril-
jzation by dislodging traces of caked solids and improving heat
transfer.

Arguncnts against batch sterilization are that it is tim--consuming
and often non-uniforn, The first is certainly valid because the
conventional fercentor (Figure 5) design i{s notably incfficient in
heat trausfor. In large volume units coeveral hours of heating up
and cooling aown dccompany a aterilization perviod of 30-60 mirutes.
As we have soen, this problem can be reduced by improved design

of the heat transfer surfaces in a large fermentor.,

-9 -




The other argument against batch sterilization - non-uniformity -

is much less valid. 1t {s certainly true that medium sterilized

in large vessels iu usually quite different than the same medjum
sterilized in small batches. 1t should be for it has been heated

8 lot more. Techniques for Uscaling -up” the batch sterilfzat ion
Process more accurately have heen proposed and testoed bt little
Plant use scems to have been made of t hem,

More serious are the deviations in sterile medium properties from

one batch 1o another. Assuming that raw naterials are uniform -

and this is a poor assumptivm - batch-to-batch variation je penerally
the result of inadequate control of the sterilization process.  For
example, the heat transfer surfaces in one tank may be less of ficient
than in another - or the steam may be wetter.  In either o the
total heat input to medium in order to . hieve & certain nominal
sterilization period will be different aad different total heats
ordinarily pive different sterile modia

Continuous sterilization offer s many advantages over batoh procedures .
It saves time, the tank can be stevilized empty (or with sone water
quite rapidly and the addition of sterile medium only takes up the
time ordinarily used fo batcehing. Furthermore, the continuous
Process tends to produce media mich more wiform in properties. A
complete systea for continuous med i sterilization is chown in
Figure 9. Note the emphasis on overall heat economy

Although many cont inuous sterilizers have been built and operated,
they are still not used widely in production. Technioal problems
do exist; media containing suspended solids (cov bean moal, ete.)
cause problems and may require extra heating to puarantee full
sterilization. Probably the most boportant factor din limiting the

use of continuous sterflization fs, however, not specifically




technical. It is the overall organization of existing batch
fermentation plants. The numbers of products jnvolved and the

size of fermentors is often cuch that it is uneconomical, in-
convenient , or both, to operate A continuous sterilizer. Continuous
sterilizers arve best cuited to a plant producing relatively large
amounts of a few products. Again, microbial protein production and,
probably, the newer enzymes are examples.

Air cleaning and sterilization

1f a commerdial fermentation becomes contaminated and the reason

{s not immediately obvious, suspicion normally falls on the air
supply systuem. The highly aerobic processes which dominate current
technology do require large volumes of air-normally about one volume
per minute (at standard cov Ltions) for every volume of liquid medium.
All this air must be (reated so as to kill or remove all the organ-

fpus which might enter the fermentor during the oper«ting period.

Air sterilization system in practical use ave of two types: (1)
heat sterilization and (?) filtration. Systems employing heat as
the only apency for air oterilization are rare today. On the other
hand virtua'ly cvery dit supply system enjoys a degree of heat
sterilization because of the heat of compression. Indeed this is

one of the inherent factors noted above which operate to reduce the

possibilities of contamination from the air.

Heat sterilizacion systems arve not favored for several reasons. The
easiest and surest method is te burn fuel (gas or liquid) directly
{n the air stream This will, however, use up some of the oxygen
and produce undesin able products of combust fon, some of which will
be absorbed in the medium.  On the other hand, indirect heating of
the air sticam - the method normally used - is unreliable. Heat

transfer to gases 1is generally poorv and great variations in flow can

-zo*
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exist with the result that organisms, especially spores, may

safely pass the sterilizer.

Alr filtration (Figure I0) is the most common method for sterilizing
air. Fibrous filters, mainly glass wool, are widely used. Their
action is probabistic and it is only possible to design for a low
probability of penctration. Membrane filters capable of retaining
all particles above a certain value have never been satisfactory
for industrial use because of their structural weaknesses and in-
ability to be steam-sterilized. This is chunging, however, and

new polymeric membrane materials are available which are capable
of retaining all but virus-type particles and can be sterilized

repeatedly with steam,

In view of this possibility it is possible to recommend a wholly

new approach to the air supply problem. Experience with the standard
type of system shown in Figure 9 indicates that it was most likely
to fail in a sinple instance rather than gradually. All too often
the local filter would accumulate waler as a result of sterilization.
When the air was turned on this water, freshly inoculated with con-
taminants from the air stream, would be blown into the fermentor.
More often the air reaching the local filter would contain suspended
moisture which it cannot remove. In short, it is free liquids that

we must avoid.

For this reason the air system recommended in Figure 9 places much
more emphasis on overall air rleanliness and, consequently, less
emphasis on the local filter. 1If the air reaching the local filter
is truly free of suspended moisture and dirt, the local filter will
be more lightly loaded and less subject to accident. Furthermore

it will now be possible to use a membrane unit here since it will
have to dcal only with those few contaminants which survive the
previous obstacles. This will give the air supply system a level of

reliability never possible with fibrous, probability filters.
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FIGURE 6

w331s4s 103PI3JUT ()
wa3sds yosnqialop (7)

(Foyptem)
ST99ym uorleaioy (1)

QZDJNZOO

SIdAL YIINDNEIL ANVI-dIIq

UOTIBINOITO TJeuaaixy ()

§103e318e Ieays-ySTH °p

s103e313® IBg °O

aqni-ijeap /aulqinl °q

saulqany ‘e
1038318 Teuizazul (1)

NOILVIIOV TVDINVHOIW
1
4

AFTTATV (€)
soTzzou d1uos (Z)
saoe8aeds a1dwig (1)

AINO UZHQM%mm qJ1v

|
SYOLOVAY IJAL-MNVLI

- 27 -




JOILNTNIIS LIITIIVY JTVOS -LoTad

(N0 104DM |
‘/ o ”
10 id ‘ ~ )
i d 0 c.\.,uw ~ = wplﬂ‘lﬁ <= | M m "
1 LT
|
, ﬁ !
! f
m

i |




I'IGURE 8

AIR

FEED

N § W ©
GHr8 -
|-
BAFFLE—"| -
e
L ]

SR

e—+ g L—+H1 g
Z

-

S“PERFORATED PLATE

IMPELLER

~_—DOWNCOMER

1 -]
ad)
AIR I I PRODUCT

CONTINUOUS MULTISTAGE TOWER FERMENTOR




VIQEA NOLLVINTNNIA ¥Od
WALSAS NOILVZITINILS SNONNTINOD

39vE0LS

W3LVM
—B  LuEVYM
oL
I
& Q
W I
& WOIG3NW WNIa3 W
Sad3A1S - il A < M
] i
A
I~ \ |
DNMOOD 7
NOuDAaS NOVWADAS NOiILO3S
HNIVO0D NOIWLNALDS LV3H38d




SWALSAS Y1V

WILSAS QIANIWN0DTY

FIQURE 10

~ k= =3 ulP
_ AN PRA—TINUBVID W
ph plen
L
Aa3ad
DANGLL
i~ o]

b4

B SRIYMIWIND
LR - BAYBYARS 14— NOSSIAUS MO = 11 .
SQaQual = g isiw 23 3 33d e
Fx2UVEIASWIL -
<<30N) 1002
QL WIUM
VI3LVM/UO

AIQATIN oW

30UV VIS

la—

TOSSIAE WD) ra—

<314 3H e—

RILSAS MIVANVLS









