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[57] ABSTRACT

An improved method and fermentor for aerobic production

- of microbial cells and/or cell metabolites, having at least one

ascending flow chambers and at least one descending flow
chamber. The fermentor is especially useful in conducting
high cell density fermentation processes which involves the
controlled addition of an antifoam agent, for maintaining a
predetermined and relatively high gas holdup within the
fermentor or by release of the constituents of the microbial
cells into the fermentor.

17 Claims, 4 Drawing Sheets
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FERMENTATION METHOD AND
FERMENTOR

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation in part of application
Ser. No. 08/429,687 filed on Apr. 27, 1995, now U.S. Pat.
No. 5,593,890, which is a divisional application of applica-
tion Ser. No. 07/963,980 filed Oct. 23, 1992, now U.S. Pat.
No. 5,426,024, both of which are incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to a fermentation method
and to an improved fermentor for growing microorganisms
and/or producing metabolites from microorganisms, espe-
cially at high cell densities. Particularly, the fermentation
method and the fermentor are suitable for conducting aero-
bic fermentation processes with controlled and relatively
high gas holdup.

BACKGROUND OF THE INVENTION

So far, fermentations requiring an high rate of oxygen
input, such as high cell density fermentation processes
disclosed in U.S. Pat. No. 4,414,329 by Wegner, have been
generally conducted in fermentors equipped with agitation
means and mechanical foam breakers. The patent literature
disclosing such fermentors includes: U.S. Pat. No. 4,670,
397, U.S. Pat. No. 4,752,564, U.S. Pat. No. 4,883,759, U.S.
Pat. No. 4,373,024. Agitated fermentors are adapted with
difficulty for supplying the very high rate of oxygen input
necessary to carry out high cell density fermentation pro-
cesses in large scale plants. Several reasons, including the
massive mechanical foam breakers required, made not com-
mercially feasible to increase their size beyond certain
limits. Stirrers and mechanical foam breakers used in high
cell density fermentations require very high energy input,
which is both costly and an operation and maintenance
problem in large fermentors. Problems related to the
mechanical design of drive shaft and bearings for transmit-
ting the enormous torque arise. In addition, the seals asso-
ciated with the stirrer and the foam breaker are often difficult
to clean and sterilize; in many instances they create cleaning
and asepsis problems. Consequently, there is a continuing
need for improved fermentors of even larger capacity than
those built to date, able of conducting aerobic fermentation
processes at high cell densities. At the same time, fermentors
which do not require moving parts for effective foam
control, simple in construction, with low manufacturing cost
and easy to maintain, together with high oxygen transfer
rates at low power consumption, would provide sensible
advantages. Fermentors with non mechanical foam control
devices are very desirable. The advantages are: improved
maintenance of sterility because no shaft is needed, con-
struction of larger fermentors is possible because the design
is not limited by the massive foam breaker required in large
fermentors, lower initial cost and reduced maintenance. The
present invention is intended to provide a fermentor and a
fermentation method which overcome several shortcomings
of fermentors and fermentation methods of the current
technology. Particularly, this invention provides an
improved fermentation method and a fermentor for carrying
out fermentation processes with controlled gas holdup,
while simultaneously preventing the formation of a foam
layer by an hydrodynamic approach.

OBJECT OF THE INVENTION.

In one aspect, our invention relates to an improved
fermentation method and apparatus for aerobic propagation
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of suitable microbial cells. In other aspect the present
invention provides a fermentation method for conducting
high cell density fermentation processes. Still another object
of the present invention is to provide an improved fermentor,
which is economical, efficient, simple and reliable for con-
ducting high cell density fermentation processes. Further,
the invention provides a fermentor suitable for conducting
fermentation processes with controlled and relatively high
gas holdup. Yet other object of the invention is to provide a
fermentation method and a fermentor suitable for preventing
the formation of a foam layer by an hydrodynamic approach.

The method of the present invention can be generally
characterized as the aerobic fermentation of a suitable
carbon source, assimilable by a microorganism, in a fer-
mentor with controlled and relatively high gas holdup. A
further distinctive characteristic of our method is that foam-
ing is prevented through an hydrodynamic approach which
does not require any mechanical device. The gas holdup can
be defined as the volume fraction of gas phase (e.g. air)
contained within a given volume of a mixture of gas and
liquid phases, or as the ratio of volume of gas phase to the
sum of volumes of gas and liquid phases. A distinction is
made between gas holdup and foam: in gas holdup the gas
bubbles dispersed in the liquid are more spherical and the
gas/liquid volume ratio usually is lower than two; while the
bubbles in the foam are polyhedral, forming a honeycomb
structure, and the gas/liquid ratio is larger than two and
usually larger than three. Still a more simple practical
distinction can be made: gas holdup is the volume fraction
of gas in the gassed broth and foam is a layer of polyhedral
bubbles on top of the fermentation broth. The method of our
invention can be used for controlling and maintaining a
relatively high gas holdup in the gassed broth contained
inside a fermentor, while simultaneously preventing the
formation of a foam layer without assistance of mechanical
devices. Fermentations Which demand very high oxygen
transfer rates for microbial cell growth or cell metabolites
production in a fermentation broth containing a carbon
source can be enhanced by our invention.

SUMMARY OF THE INVENTION

Aerobic microbial conversions are oxidation reactions
which demand large quantities of molecular oxygen. Hence,
one of the main factors limiting the microorganisms gen-
eration rate is the oxygen transfer capacity in the fermentor.
The oxygen transfer rate is primarily a function of bubble
surface area, consequently, the oxygen containing gas is
frequently introduced into fermentors in a fine bubble form,
in order to provide a large contact surface area between the
gas and liquid phases. Nevertheless, fine gas bubbles dis-
persed in pure liquids or in some fermentation broths, tend
to join to form larger ones. So, even with the finest primary
dispersion and depending on the degree of turbulence,
bubble sizes between about 2 to 5 mm are formed after
leaving the sparging zone. This phenomenon known as
bubble coalescence, is caused by the fact that a liquid film
between two adjacent gas bubbles becomes thinner and
thinner until it eventually breaks down. Fermentation broths
generally contain surface active materials derived from
microbial activity. In some cases, for example when growing
yeast on sugar cane molasses or a cellulolitic bacteria on
sugar cane bagasse, coalescence is naturally suppressed with
elapsed fermentation time, as surface active materials
released from microorganisms accumulate in the fermenta-
tion broth. As a consequence, gas holdup generally increases
with time and the fermentation broth develops a strong
tendency of foaming. It is generally accepted, that an
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increasing-gas holdup trend and foam development are the
result of stabilization of liquid films by proteins released
from microorganisms. Foaming and gas holdup are thus
strongly dependent on the properties of the broth. In other
words, foaming and coalescence characteristics of the
gassed broth are usually related. The gas holdup is a very
important parameter in fermentation processes, because it
determines the contact surface area between the gas and
liquid phases. Consequently, it affects the oxygen transfer
rate. A foaming broth can show better oxygen transfer
characteristics, by a factor of two or more than a broth with
coalescing characteristics. Since non coalescing character-
istics increases the oxygen transfer rate, this effect is
desirable, if suitable means to prevent foaming are provided.
Excessive foaming is a common problem in many fermen-
tation processes. Foaming results in inefficient use of fer-
mentor volume and in an heterogeneous fluid with the bulk
of cells trapped in the foam. Overfiow can easily occur and

exit filters wetted, resulting in an increasing contamination

risk. In practice foam control has required a compromise
between the positive effects on oxygen transfer and the
negative effects of foaming.

Foaming is commonly reduced by sudden addition of
antifoam agents in response to the level of the foam. This,
however, causes considerable reduction in gas holdup and
oxygen transfer rate because collapse of the foam also favors
increased bubble coalescence in the liquid phase. Such an
effect results in severe oxygen debt and reduced yields.
Steady state conditions are lost during a continuous fermen-
tation process as a result of these disturbances and further-
more the broth volume varies uncontrollably with variations
in gas holdup.

According to one aspect of the invention, a method and
fermentor are employed to maintain a predetermined and
relatively high gas holdup within the fermentor vessel, by
continuously controlling the antifoam feed rate in response
to gas holdup in the gassed broth. Furthermore, to prevent
foam accumulation within the upper part of the fermentor
vessel without the use of mechanical devices, while main-
taining a relatively high oxygen transfer rate.

Our fermentor is provided with gas holdup sensing means
to provide a continuous output signal responsive to the gas
holdup in the gassed broth contained in the fermentor. The
fermentor is also provided with a controller operatively
related to said gas holdup sensing means, to regulate or
alternately activate/deactivate antifoam addition in response
to said gas holdup sensing means.

Coalescence is strongly impeded during a fermentation
process by extracellular materials naturally released from
microorganisms. Since smaller gas bubbles are formed, and
maintained, more bubbles are entrained into the downflow,
and the gas holdup is greater than desired, the antifoam flow
rate shall be increased through the control action to cause an
increased rate of bubble coalescence and by this means
slowly reduce the gas holdup to desired values. If the gas
holdup is lower than desired, the antifoam feeding shall be
reduced or even stopped through the control action to
prevent a further gas holdup fall. In other fermentation
processes, particularly some using synthetic carbon sources
such as methanol or ethanol, bubble coalescence is not
naturally hindered in a suitable degree to allow for the high
oxygen transfer rates necessary to conduct a high cell
density fermentation process. In these cases, high gas holdup
and suitable oxygen transfer rate can be still achieved, by
hindering bubble coalescence within the broth, through
artificially provoking the release of surface active materials
from microorganisms. This can be achieved, by
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mechanically, thermally or chemically disrupting the mem-
branes of a portion of the microorganisms in the fermentor,
so as to release or cause the release of the constituents of the
said disrupted microorganisms. The microorganisms mem-
branes can be disrupted by different means such as the
exposure of the microorganisms to high temperature, high
pH or low pH. The membranes of the microorganisms can
be ruptured or disrupted by exposing the microorganisms to
high frequency vibration and mechanical shearing, to chemi-
cals normally fed to the fermentation process or pH control
chemicals. The release of the constituents of the microor-
ganisms according to our method is carried out in response
to the gas holdup detected in the gassed broth contained
inside the fermentor. By suitably treating a portion of the
microorganisms, a fermentation broth with suitable non
coalescing characteristics can be produced. At the same
time, our fermentation method can be used to prevent the
occurrence of foaming in the resultant non coalescing fer-
mentation broth through an hydrodynamic approach, to
produce a fermentation broth with high oxygen transfer
characteristics but without foaming. Qur invention can be
used to enhance known fermentors for aerobic culturing of
microorganisms, preferably but not exclusively the loop
fermentors described by Blenke in H. J. Rehm and G. Reed
(Ed.) “Biotechnology” volume 2, chapter 21, pp. 470-479,
VHC Verlagsgesellschaft, Weinheim (1985). Non stirred
loop fermentors are preferred, but our invention can also be
used with stirred loop fermentors such as those described in
U.S. Pat. No. 4,883,759, to avoid the use of costly mechani-
cal foam breaker devices. Suitable, fermentors include but
are not restricted to loop fermentors, fitted with internal
guiding means forming at least a chamber of ascending flow
(riser) and at least a chamber of descending flow
(downcomer), communicating with each other at their upper
and lower ends, to permit broth circulation in a loop pattern.
An oxygen containing gas is injected near the lower end into
the riser, this simultaneously serves to aerate the broth and
to cause it to circulate upwardly in the riser and downwardly
in the downcomer. The oxygen containing gas may be
supplied by any suitable means. Conveniently, the gas is
supplied into the riser through a pipe with plurality of holes.
Said gas can also be sparged through venturi type nozzles,
porous media or open ended pipes, if desired with associated
downstream bubble breakers such as meshes, grids, vanes or
moving parts, or any combination of these techniques
known in the art. In addition to the airlift effect, any other
mechanical or hydraulic means like impellers or liquid jets,
can be used to promote turbulence or circulation of the broth
or both. Our fermentor is fitted with gas holdup sensing
means, to provide a continnous output signal responsive to
the gas holdup in the gassed broth contained in the same.
The fermentor is also equipped with a controller operatively
related to said gas holdup sensing means, to activate/
deactivate suitable means for releasing of the constituents of
the microbial cells into the fermentor, in response to the
sensed gas holdup. Coalescence is strongly impeded by
activating the means for releasing of the constituents of the
microorganisms. As coalescence is inhibited, gas bubbles
become smaller and gas holdup becomes larger with time. It
is important that gas holdup does not exceed a certain
maximum value as this adversely affect mixing performance
and fermentor volume utilization. If the gas holdup becomes
greater than a predetermined maximum value, the release of
the constituents of the microorganisms should be stopped to
maintain or increase the rate of bubble coalescence and thus
maintain or slowly reduce the gas holdup to suitable values.
By alternately activating/deactivating the means for releas-
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ing of microorganisms constituents, gas holdup can be
maintained at nearly constant and suitable values. A fermen-
tation broth with inhibited bubble coalescence will easily
produce a foam layer. Foam originates when bubbles
ascending in the riser reach the free surface within the
fermentor. At the moment that the gas and liquid leave the
bulk liquid volume, a process of drainage starts. This in turn
induces a decrease in liquid content with a decreased dis-
tance between the bubbles, until mainly liquid films are
present among them. This phenomena can be appreciated as
whitish spots of foam in “statu nascendi” leaving the riser.
If the spots of foam in “statu nascendi” remain on the free
surface, a honeycomb structure of bubbles separated by very
thin walls of liquid connected by plateau borders, finally
result. While running our loop fermentors, however, we have
observed that at certain gassed broth levels, a characteristic
liquid-flow pattern develops, such that the foam in “statu
nascendi” is effectively entrained into the downcomer,
through a vortex induced by the liquid flow deflection from
the riser into the downcomer. If the vortex is maintained, the
foam in “statu nascendi” cannot remain on the free surface,
and the undesirable stable honeycomb structure of foam
cannot be developed. In other words, if a vortex is induced
by maintaining a suitable gassed broth level in the fermentor,
the formation of a foam layer is not possible. By sustaining
a suitable gassed broth level, while activating the means for
releasing of constituents of the microorganisms or while
controlling the addition of an antifoam agent, the gas holdup
and the oxygen transfer rate can be increased without the
accumulation of a foam layer at the top of the fermentor.
There must be a free surface in the upper portion of the
fermentor, the bigger air bubbles rise to this free surface and
air is then disengaged from the broth without the use of any
mechanical assistance. However, we should recognize that a
vortex is not induced at too high gassed broth levels above
the upper edge of the guiding means. Gassed broth levels
higher than twice the diameter of the fermentor head (D)
above the upper edge of the guiding means, generally result
in a relatively flat free surface where spots of foam in “statu
nascendi” remain to develop a foam layer, even before that
gas holdup increases up to suitable values. Because of this
reason, the gassed broth level should be preferably main-
tained between 0.1 and 2.0 D, and more preferably between
0.5 and 0.8 D, above the upper edge of the draft tube, in
order to prevent the formation of a foam layer. Qur con-
trolled gas holdup fermentation method can be used prefer-
ably with continuous fermentors to achieve stable operating
conditions and high oxygen transfer rates. In contrast with
methods using mechanical defoamers, our fermentation
method takes advantage of hydrodynamic foam suppression,
which requires no shaft arrangements, facilitates keeping
sterile conditions, requires no additional energy input, and is
not a factor limiting fermentor scale up. The fermentation
method and fermentor of our invention can be suitably used
in many fermentation processes, wherein a carbon source is
converted to microorganisms or their metabolites, and
wherein an high oxygen transfer rate in a fermentation broth
is required. Suitable sources of carbon material include any
feed which can be used to grow microorganisms or produce
their metabolites. For example, methanol, ethanol or any
other carbon material which naturally give a fermentation
broth with less than optimum non coalescing characteristics
can be used. If bubble coalescence is naturally inhibited in
a suitable degree or not, depends on several factors including
microorganism characteristics, culture media composition
and culture conditions. As required, detailed embodiments
of the present invention are disclosed herein, however it is
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to be understood that the disclosed embodiments are merely
examples of the invention which may be embodied in
various forms. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a basis for the claims and as a basis for
teaching one skilled in the art to use the present invention in
any appropriate. For convenience the detailed description
will refer to a fermentation method and to a fermentor. It
should be understood however, that the method and appa-
ratus of the invention my be used in other processes wherein
a gas is injected into a liquid, the resulting mixture is
circulated, and in which disengagement of gas from the
liquid takes place.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation of a fermentor illustrating one
embodiment of the present invention.

FIG. 2 is a side elevation of a second embodiment of the
fermentor according to the invention.

FIG. 3 is a side elevation of a third embodiment of the
present invention.

FIG. 4 is a side elevation of a fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates a fermentor generally designed by the
reference character 20. The fermentor comprises a closed
fermentor vessel 1 having a cylindrical upper section or
fermentor head with an internal diameter denoted as D. The
vessel 1is provided with guiding means, in this case a draft
tube 7, which provides a fiow path for circulating the gassed
broth contained within the vessel 1. Pipe 2, provides means
for introducing a source of oxygen, such as air or air
supplemented with pure oxygen, into the vessel 1. Air
dispersion is accomplished by removing fermentation broth
from the fermentor vessel 1, by means of a snitable pump 5,
end reinjecting the broth through one or several Venturi jet
mixers 3, whereby the broth is mixed with the air under high
shear conditions to produce a dispersion of small gas
bubbles in the broth. An outlet 22 communicates with the
interior of the upper portion of the vessel 1 and provides
means for exhausting the air from the vessel 1. The fermen-
tor may include a heat exchanger 6, which serves as a cooler
to prevent the temperature of the circulating culture from
rising above the optimum temperature of growth of the
microorganism. One or several inlets 21, provide means for
delivery of a nutrient medium containing suitable sources of
carbon, nitrogen, phosphorus, potassium, magnesium,
calcium, sulfur, as well as trace quantities Of copper,
manganese, molybdenum, zinc, iron, boron, iodide, sele-
nium and any other nutrient that the fermentation process
could require. The relative quantities of these nutrient mate-
rials can vary in accordance with the microorganism used or
with the metabolite being produced. Nutrient medium may
also contain vitamins if their presence is required for micro-
organisms growth, precursor compounds of the metabolite
to be produced or the required chemical compounds for
biochemical conversions. The fermentor vessel 1, is pro-
vided with means for sensing the gas holdup in the circu-
lating broth. FIG. 1 illustrates, a fermentor vessel 1 provided
with sensing means 8, for sensing the differential pressure
between two sensing points separated a vertical distance H,
in contact both with the gassed broth. The sensed differential
pressure is derived from the hydrostatic-pressure difference
of the broth between the sensors 8, and is indicative of the
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gas holdup in the zone between such sensors. The differen-
tial pressure (dp) measured as column of liquid, given in
centimeters (cm), is related to gas holdup () by equation:
e=1-dp/H, where H is given in cm. The sensing points 8 can
be located in the downcomer or in the riser regions, or in any
other suitable region of the fermentor because gas holdup in
different regions are close related. Any suitable differential
pressure sensing device which provides a suitable signal
output in response to the differential pressure can be used.
Preferred sensing devices are those used for pressure mea-
surements in sanitary applications, featuring stainless steel
seal diaphragms and isolated electrodes, forming a variable
capacitor. Pressure applied to pressure sensors 8, causes a
slight deflection of diaphragms, which in turn changes the
capacitance. This capacitance is detected and converted to a
highly accurate signal by transmitter 24. This signal is
proportional to the sensed differential pressure. The output
signal from the transmitter 24, is transmitted by a suitable
conduit 14 to a control unit 17. If bubble coalescence is not
naturally impeded in a suitable degree, an output signal 23
from the control unit 17 in response to the thus sensed gas
holdup will cause the activation of heater 10, and the
resulting heating of the heating element 11. Microorganisms
coming in contact with or in close proximity to the heating
element 11 will be killed and disrupted, and their constitu-
ents released to the broth, which in turn will hinder bubble
coalescence causing an increase of gas holdup. It is impor-
tant that gas holdup does not exceed a certain maximum
value as this will adversely affect the circulation rate, bulk
mixing and volume utilization. After a time-period of acti-
vation of heater 10, the sensed gas holdup eventually
becomes higher than this maximum value. The output signal
23, from the control unit 17, in response to the sensed gas
holdup, will cause the heater to turn off, thus deactivating the
heater element 11 and causing the cessation of disrupting the
membranes of microorganisms thereby within the fermentor
vessel 1. By alternately activating/deactivating the heater 10,
the gas holdup can be maintained at suitable and near
constant values. It has been described an on/off gas holdup
control, however other well known strategies in the art such
as proportional, integral, derivative or a combination of
them, can be also used to activate/deactivate the heater 10
for killing of microorganisms in response to the sensed gas
holdup. After activation of heater 10, bubble coalescence is
inhibited. Besides the gas holdup increasing trend, the
fermentation broth develops a strong tendency of foaming.
By maintaining a suitable gassed broth level within the
fermentor vessel 1 for inducing a ring vortex as an outcome
of the broth flow deflection from the draft tube into the
annular space, foaming is effectively prevented. Foam in
“statu nascendi” is effectively entrained through the vortex
into the downcomer, thus preventing the development of a
foam layer. The simplest way to maintain a desired gassed
broth level, is fitting the vessel 1 with one or more overflow
pipes 9, which provide means for drawing off a portion of
the broth, to maintain the gassed broth level at near the line
A-A' in FIG. 1. Alternatively, a wide variety of level
measuring instruments can be used, for sensing the interface
between the gassed broth and gas phase and provide a
suitable signal output for automatically controlling the
gassed broth level. Suitable sensing devices may include but
are not restricted to conductive, capacitive, ultrasonic,
displacer, and float transmitters. As previously described,
gas holdup can be preferably sensed through measuring the
pressure difference between two points separated a known
vertical distance. Additionally, other methods can be used
for gas holdup sensing. Accurate measurements of gas
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holdup can be made by measuring the difference in the
refractive index between the gas and liquid. The technique
requires the use of glass fibers and opto-electronic couplings
normally used in telecommunication. Radiation absorption
is another possibility. The method is based on the principle
that liquids absorb the radiation much better than gases.
Other method involves measuring the electric conductivity
of the two phase dispersion, but this method is difficult to use
with fermentation broths, because the electric conductivity
depends not only on the gas fraction, but also on the
concentration of salts which may change with time. Another
method requires a standard hot-film anemometer probe,
based on measuring the difference of heat conductivity
between the liquid phase and the gas phase. Gas holdup can
also be measured as the fraction of time that a given sensor
point is in the gas phase in relation to the total time. The use
of such type of sensor is rather complicated to date and is not
commercially available.

In the fermentor described in the preceding paragraphs,
the riser occupies the central region of the fermentor and the
downcomer section surrounds it. It is equally possible and
preferred in some cases, that the downcomer section should
be in the center and the riser should form an annuli around
it. Many other geometrical arrangements are possible,
coaxial and symmetrical arrangements are preferred, how-
ever non coaxial and non symmetrical are also feasible. FIG.
2 illustrates another form of fermentation apparatus 20aq,
which is a modified version to of the apparatus 20. The
elements of the apparatus 20a having the same function that
in the previously described apparatus 20, are identified by
the same reference numerals. The apparatus 20a differs from
the apparatus 20 in the following aspects: Apparatus 20a is
equipped with an agitation system having a turbine impelier
13, a shaft 15, and a driver 19. In apparatus 20q, the air
dispersion is achieved by the rotating turbine impeller 13.

Instead of an heater 10 in apparatus 20, apparatus 20a
includes a sonicator 10, operatively connected to a control
unit 17. In operation of apparatus 20a, the control unit 17
activates sonicator 10 in response to the output signal from
the transmitter 24. The sonication probe 11 thus transmits
vibrations to the broth enclosed within the vessel 1, of
sufficient intensity to rupture the membranes of a portion of
the microorganisms which come in contact or in close
proximity with the sonication probe 11. The constituents of
the ruptured microorganisms are thus released to the broth
thereby inducing enhancement of gas holdup. Like in fer-
mentor 20, the cessation of disrupting the membranes of the
microorganisms in the fermentor 20a takes place in response
to a predetermined maximum gas holdup. By alternately
activating/deactivating the sonicator 10, the gas holdup can
be maintained at suitable and near constant values.

In apparatus 20a accumulation of foam within the upper
end portion of the vessel 1 is prevented by controlling the
broth level in the fermentor, thereby providing a broth flow
path such that foam in “statn nascendi” is effectively
entrained into the downcomer through a central vortex
induced by the broth flow deflection from the annular space
into the draft tube. Apparatus 20q, is fitted with a liquid level
control system, which under controlled gas holdup
conditions, provide means for measurement and control of
the gassed broth level. The liquid level control system-
comprises the following: a differential pressure sensing
device 26, a transmitter 29, a control unit 18 and suitable
means for withdrawing the broth, in this case, a valve 12.
The differential pressure sensing device 26, has a bottom
pressure sensor suitably located to be in contact with the
gassed broth, and a top sensor suitably located to be in
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contact only with the gas phase. The control umit 18,
provides an actuating signal 28 to adjust the valve 12, which
provides means to regulate the drawing off of broth, in
response to the differential pressure signal transmitted via
conduit 27, to said control unit 18.

FIG. 3 illustrates another form of fermentation apparatus
20b. The elements of the apparatus 205 have the same
functions as those similarly described above in apparatus 20
and identified by the same reference numerals. Apparatus
20b differs in the following aspects:

Apparatus 20, instead of having a heater 10, as in FIG.
1, an output signal 25 from the control unit 17, in response
to the sensed differential pressure, provides an activating
signal to adjust the flow rate of antifoam agent from supply
10 delivered to the fermentor, through tube 23, by pump 11
from an antifoam container 10.

Many chemical compounds can be used as antifoam
agents, these include but are not limited to esters, alcohols,
siloxanes, silicones, sulfites, sulfonates, fatty acids and their
derivatives. Different control strategies, including
proportional, integral, derivatives or a combination of them,
can be employed to adjust the antifoam agent flow rate in
response to the sensed differential pressure. The antifoam
agent addition causes an increased rate of coalescence of air
bubbles, and consequently a reduction of gas holdup in the
gassed broth contained inside the vessel 1. If the gas holdup
becomes lower than desired, the antifoam agent flow rate
shall be reduced or even stopped through the control action
to prevent a further drop of the gas holdup. On the other
hand, if the gas holdup becomes higher than desired, the
antifoam agent flow rate shall be increased through the
control action in order to reduce gradually the gas holdup to
the desired values. The controller also can be an on-off type
with time delay to prevent overcharging of antifoam. In such
a case, if the gas holdup is higher than desired, the antifoam
added in response to the control signal 25 will increase the
coalescence of the air bubbles, and consequently it will
cause a reduction of gas holdup in the vessel 1. If the gas
holdup is still higher than the set point after a determined
amount of time (for example 3 minutes) from pump 11
activation, a new control action can be allowed. This control
action shall be taken as many times as required at predeter-
mined time intervals, while gas holdup remains higher than
desired. The amount of antifoam agent added with each
control action in this case is very critical, since relatively
large amounts of addition, will cause undesirable steep gas
holdup reduction and consequently a sharp oxygen transfer
rate reduction. Yet, if relatively large quantities of antifoam
are added, the gas holdup and the oxygen transfer rate may
remain low during a long period of time, and it will take
several hours, to enhance them to desirable values. Optimum
amounts of antifoam agent additions depend upon variables
such as microorganism, substrate, fermentation conditions,
antifoaming type, differential pressure set point among oth-
ers. Optimum amounts of antifoam agent additions and time
span between additions shall be determined in advance in
trial runs.

FIG. 4 illustrates another form of the invention apparatus
20c. The elements of apparatus 20c have the same function
as those similarly described above and having the same
reference numerals. In particular the apparatus 20c differs in
that instead of a Sonicator 10, as in FIG. 2, an output signal
25 from the control unit 17, provides an activating signal to
adjust the flow rate of antifoam agent from supply 10,
delivered to the fermentor through tube 23, by pump 11. The
same control of antifoam delivery is similarly illustrated
with reference to FIG. 3.
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In apparatus 20, 20a, 20b and 20c described above,
hydrodynamic foam suppression is achieved by maintaining
a proper gassed broth level and by maintaining a proper
broth level respectively. As it is well known in the art, other
means can be employed to provide a suitable signal output
in response to the gassed broth level or alternatively in
response to the broth content, to provide a suitable signal for
controlling any of these parameters.

Various applications for the fermentor and fermentation
method of our invention are feasible for both production of
microorganisms to obtain cellular protein or for production
of various extracellular and intracellular products by bio-
chemical conversion. Preferably yeast or bacteria are culti-
vated at temperatures between 20° to 45° C. under aerobic
conditions, in the fermentor containing a broth with a pH
value of 2.5 to 8. The fermentor 20 is especially useful for
conducting continuous fermentation process, wherein a
nutrient medium is continuously fed through at least an inlet
21 into the vessel 1, and a broth containing the desired
microbial cells and metabolites is continuously withdrawn
via the outlet 9 for further processing (not shown). Such
further processing can include recovery of cells from the
fermentation effluent by conventional means, such as
centrifugation, filtration or other separation means. The
cellular product can be washed to remove unconsumed
mineral salts and extracellular products, such as amino
acids, enzymes, biopolymers and the like. The washed cells
can then be dried to produce a dried protein rich product.
The washings and the substantially cell free effluent contain
the residual mineral salts not incorporated into the cells and
extracellular products. These streams can be treated to
recover or isolate extracellular products such as enzymes,
biopolymers, and others. For instance, a lower alcohol such
as methanol or ethanol can be used to precipitate any
polymeric material produced extracellularly by the micro-
bial cells. The cell free effluent also can be treated by solvent
extraction to recover other extracellular products.
Alternatively, the total fermentation effluent can be dried to
produce a dried product containing cells, salts, and other
water soluble substances.

We claim:

1. In process for the production of microorganisms or
their metabolites in a fermentor vessel having an upper
region, a lower region and guiding means for providing at
least one ascending flow chamber and at least one descend-
ing flow chamber, said chambers communicating at said
upper and lower regions, wherein a gassed fermentation
broth containing microorganisms, which are to be aerobi-
cally cultured, is continuously circulated, the improvement
comprising:

a) providing gas holdup sensing means for sensing the gas

holdup of said fermentation broth;

b) providing means, at least partially disposed within the
fermentor, for releasing constituents of at least a por-
tion of the microorganisms contained in said fermentor
vessel;

¢) inducing.a liquid vortex in the upper region of the
fermentor vessel by maintaining said gassed fermenta-
tion broth at a suitable level above said guiding means,
said vortex thereby preventing the formation of a foam
layer in the upper region of the fermentor vessel;

d) detecting gas holdup of said fermentation broth with
said gas holdup sensing means; and

e) controlling gas holdup by activating or alternatively,
deactivating said means for releasing constituents of
the microorganisms with a control means, which is
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operatively connected to said gas holdup sensing
means, and whereby in operation the detected gas
holdup is used by said control means to activate said
release in response to a predetermined minimum gas
holdup or alternatively, to deactivate the release of the
constituents of said microorganisms, in response to a
predetermined maximum gas holdup.

2. The process of claim 1 wherein said gassed fermenta-
tion broth level is maintained by withdrawing a portion of
said gassed fermentation broth through an overflow pipe.

3. The process of claim 1 wherein said gassed fermenta-
tion broth level is maintained by withdrawing a portion of
said gassed fermentation broth through a controlled outlet in
response to an outlet signal of a controller.

4. The process of claim 3 further comprising providing an
interface sensing device operatively connected to said con-
troller and measuring the interface between the gassed
fermentation broth and gas phase in said fermentor vessel
with said interface sensing device.

5. The process of claim 3 further comprising providing, a
differential pressure sensing device operatively connected to
said controller and measuring said gassed broth level in said
fermentor vessel with said differential pressure sensing
device.

6. The process of claim 1 wherein detecting gas holdup
comprises measuring a pressure difference in said gassed
fermentation broth.

7. The process of claim 1 wherein detecting gas holdup
comprises measuring refractive index of said gassed fer-

_mentation broth in said fermentor.

8. The process of claim 1 wherein detecting gas holdup
comprises measuring electric conductivity of said gassed
fermentation broth in said fermentor.

9. The process of claim 1 wherein detecting gas holdup
comprises measuring heat conductivity of said gassed fer-
mentation broth in said fermentor.

10. In an apparatus for production of microorganisms or
their metabolites comprising a closed fermentor vessel for
holding a gassed fermentation broth, said vessel having an
upper region, a lower region and guiding means for provid-
ing at least an ascending flow chamber and at least one
descending flow chamber, said chambers communicating at
said lower region and said upper region, a first inlet for
introducing a liquid into said vessel, a second inlet for
introducing a gas into said vessel, means for dispersing said
gas into said liquid within said fermentor vessel and pro-
ducing a gassed fermentation broth, a gas outlet located in
the upper region of said fermentor vessel, a liquid outlet for
withdrawing a portion of the liquid from said fermentor
vessel and means at least partially disposed within said
fermentor vessel for causing the release of constituents of at
least a portion of the microorganisms within said fermentor
vessel, the improvement comprising:

(1) means for preventing the formation of a foam layer in

an upper region of the vessel comprising means for
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maintaining said gassed fermentation broth at a prede-
termined level, such that in use said broth is maintained
at a predetermined level above the guiding means
within the fermentor vessel and a vortex is induced as
a result of gassed fermentation broth flow deflection
from the ascending flow chamber into the descending
flow chamber in the upper region of said fermentor
vessel;

(2) gas holdup sensing means at least partially disposed
within said fermentation vessel for providing an output
signal responsive to sensed gas holdup of said gassed
fermentation broth; and

(3) control means, operatively connected to said gas
holdup sensing means and to said means for releasing
constituents of the microorganisms, wherein said con-
trol means controls the release of constituents of a
portion of said microorganisms in response to said
output signal of said gas holdup sensing means.

11. The apparatus of claim 10 wherein said means for
maintaining the gassed fermentation broth level comprises at
least an overfiow pipe.

12. The apparatus of claim 10 wherein said means for
maintaining the gassed fermentation broth level comprises
an outlet operatively connected to a second control means
and to an interface sensing device which detects the fer-
mentation broth level by measuring the interface between
the gassed fermentation broth and gas phase in said fermen-
tor vessel, such that in use said broth is withdrawn from said
fermentor vessel through said outlet, in response to a signal
received from said control means in response to the level
detected with the interface sensing device.

13. The apparatus of claim 10 wherein said means for
maintaining the fermentation broth level comprises an outlet
operatively connected to a second control means and to a
differential pressure sensing device which measures the
level of said broth in said fermentor vessel, such that in use
said fermentation broth is withdrawn from said fermentor
vessel through said outlet, in response to a signal received
from said control means which is responsive to the level
measured with the differential pressure sensing device.

14. The apparatus of claim 10 wherein said gas holdup
sensing means comprises at least one differential pressure
sensing device.

15. The apparatus of claim 10 wherein said gas holdup
sensing means comprises a refractive index measuring
device.

16. The apparatus of claim 10 wherein said gas holdup
sensing means comprises an electric conductivity measuring
device.

17. The apparatus of claim 10 wherein said gas holdup
sensing means comprises a heat conductivity measuring
device.



