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with a method and apparatus for controlling
the relative degree of concentration of micro-
organism in substrate, as between any two or
all of the stages: inflow, vessel and outflow.
In particular, the invention has been
developed for use in connection with the con-
tinious fermentation of Brewer’s wort in a
chemostat system.
The invention is however believed to be

-~ Tapplicable to any microbiological process in

~which a sedimentable micro-organism is

_ operated “in a nutrient liquid, and is in the

%°

-

-fonn of a mechanical dispersion in liquid
“nutrient of relatively lower specific gravity,
50 that in the absence of turbulence, the micro-
: -organism uendstosetﬂeaxthebottom of the
vessel

- It has already been proposed continuously

s 3\5\to—fe1mmt Brewer’s wort or other fermentable

trate in a plurality of sequentially arranged
--stirred or unstirred vessels, and to separate
the fermenting micro-organism (yeast) from
the fermented product (beer) by settlement
in a separate vessel or in a part of the final
fermentation vessel separated from stirred
region by a baffle.
Considerations of efficiency.and conmstency
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usually been achieved by separating the m1cro
organism from the effluent and recycling some
of the separated micro-organism.

In such fermentation processes & certain
amount of autolysis of the mlcro-orgamsm is
liable to take place during the time when it is
maintained at high concentration in the
separating vessel and in associated conduits.
If the micro-organism is recycled, it will carry
with it some of the autolysed micro-organism,
which latter will tend to build up in the
fermentation vessel. Moreover, recycling can
involve danger that any infection of the micro-
organism in the effluent before or after separa-
tion will result in the infected recycled micro-
organism passing on infection to the micro-
organism in the vessel itself. This danger can
be avoided if all micro-organism passing
through the system is separated from the
effluent and is never recycled.

. Tt is an object of the present invention to
provide a simple and easily operable method
and apparatus for effecting in a continuous fer-
mentation system, controlled variation of the

degree of concentration of the micro-organism -

in the main body of substrate in the vessel
relative to the concentration in ‘the inflow
and/or in the outflow, without the necessity
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than the _average - concentration of micro-
organism in the main body of substrate in
the vessel.

Tt will be seen that where it is desired to
maintain a greater congcentration of micro-
organism in the substrate in the vessel itself
than the average concentration in the liquid
flowing . through the system, steps must be
taken to provide an initial bmld-up of micro-
organism in the vessel.

Where the present invention is applied
to a continuous fermentation- process, wherein -
a series of vessels is employed through which
continuous flow of substrate takes place, and
wherein the inflow to the second-and subse-
quent vessels in the series is constituted by -

substrate containing a predetermined concen-

tration of micro-organism, . there is provided
a.method of obtaining and maintaining in the
main body of substrate in the second or in
any subsequent vessel, a greater concentration
of micro-organism than the concentration of
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to that vessel, and adjust the relative flows of
the two streams to- provide the required con-
centration of micro-organism in the. efffuent

constituted by the aggregate of the—tWo:: *LO. L

streams.

It has been found- that optimum results aas
obmmable -when the - isolated region com- . . -

prises a column, inclined to the vertical, Thig>
is believed to be beécause micro-organism -
tending to settle, is allowed to travel’ dowir
wardly beneath rising liquid and ous
bubbles (f any), and thus is- not\ carned
upwardly aga.m. - e
The invention is partlcularly smtable for—120
chemostat systems for the continuous fu'meiL_.-f
tation of Brewer’s wort in which sedimentable: .. ..
yeasts are carried in a wort substrate. S
The invention also provides apparatus for-

controlling ‘the. degrees of concentration of 125

sedimentable particulate material consttmtmg o
a suspension in a body of liquid contgined -
in a throughﬂow vessel relative to the.cons
centration of particulate material in the hquld"
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ystems, Sificé It is
the surplus micro-organism in the effluent and
not the additional amount which would be
required in the case of recycling. - )
The invention will now be further dgtcribed
by reference to the accompanying Ziagram-
matic drawing which illustrates this vention
~ when applied to the continuous fer.nentation
of Brewer’s wort in the second vessel of a
multiple vessel system.
Referring to the drawing, freshywort enters
a_pre-fermenter vessel 11 thro g

35

~ through an outflow pipe 14. [
together with a filter 16, for prefi
of infection to vessel 11 and
ate provided. Ji
‘The outflow - pipe 14 commj i i

* the top of ‘a fermentation vessel | Bl. The vessel
18 has a went 19, a filter 20.§la stirrer 21
and primary and secondary Al

. 22 .and 23, -The primary effluefis
- prises a shielding part 24 whic§lfi
e to: the vertical and ext

ituting a draw-off pipe }J, extending

~ downwardly from a point just bd fow the level

of the wort, and leading out ;iﬂarough the
bottom wall of the vessel. -

- Valves 25 and 26 are provided respectively

60

22 and 23, whereby the relative volumetric

flow rates of primary and secondary effluent

may be controlled to obtain the desired con-

- centration of yeast in the aggregate effluent.

Conventional devices (not illustrated) may

on the primary and secondary effluent pipes.

The effluent from the vessel 11 passes to
the wvessel 18 where, under substantially
anaerobic conditions, it ceases to multiply and
fermentation takes' place, The wort/yeast
suspension is stirred and can leave the vessel

through the primary and secondary effluent

pipes 24, 22 aud 23. In order for the suspen-
sion to reach the mouth of the primary
effluent pipe it has to travel up the sloping
shielding part 24, which protects the suspen-
sion within it from the effects of agitation.

" Thus the yeast, being sedimentable will tend

to run down the lower wall of the shielding
pipe. By the time the wort, which has by now
fermented, reaches upper part 24c of the
primary effluent pipe 24, 22 it carries little
or no yeast and is withdrawn in a substan-
tially yeast-free state.

Wort, carrying yeast at the average concen-
tration obtaining in the main body of wort
within the vessel 18, is withdrawn through
the secondary effluent pipe 23 and by mixing
the primary and secondary effluents in one of
the conventional ways above described, the
concentration of yeast in the aggregate
effluent may be controlled.

Thus by first removing only a small amount
of yeast the concentration of yeast within the
vessel 18 may be built up, and by subsequently
withdrawing a gréater amount of yeast the
concentration of yeast within the vessel 18
can be kept steady at a level of concentra-
tion higher than that within the wort entering
the vessel. Under normal chemostat conditions

the levels of concentration of yeast in the wort
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ich “the concentration of micro-organism
approximates to the average obtaining
throughout the vessel, and so relating and
adjusting the volumetric flow rates of the
first and second streams that their aggregate
volumetric flow rate is equal to the volu-
metric flow rate of substrate into the vessel
and that the average concentration of micro-
organism in the total effluent constituted by
their aggregate, is any desired amount less
than the average concentration of micro-
organism in the main body of substrate in the
vessel,

2. In a continuous fermentation process as
claimed in Claim 1, wherein a series of
vessels is employed and wherein the inflow
to the second and subsequent vessels in the
series is constituted by substrate containing a
predetermined  concentration of  micro-
organism; a method of obtaining and main-
taining in the main body of substrate in the
second or in any subsequent vessel, a greater
concentration of micro-organism than the con-
centration of nucro-orgamsm in the substrate
entering that vessel or in the effluent leaving
that vessel, which includes the steps of adjust-
ing the relanve volumetric flow rates of the
first and second streams of effluent, without
reducing the aggregate volumetric flow rate
of effluent, so that the average concentration
of micro-organism in the aggregate of the two
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eiﬂueeg capsitaad bﬁd&ph@&gﬁe of the
two streams over a prolonged penod
A,{-* method as claimed in C
of com

Oﬁrg sml @i wlgﬁt concentratxono lfs mzcro-

tation process, which includes the step of
adjusting the aggregate volumetric flow rates
of the first and second streams of effluent
from a vessel being controlled so that this
aggregate volumetric flow rate is equal to the
volumetric flow rate of the inflow to that
vessel; and adjusting the relative flows of the
two streams to provide the required concen-
tration of micro-organism in the effluent con-
stituted by the aggregate of the two streams.

5. A continuous fermentation process as
claimed in any onme of the preceding claims,

‘wherein the m1cro—orgamsm comprises yeast

and the substrate comprises Brewer’s wort.

6. Apparatus for controlling the degrees of
concentration of sedimentable particulate
material constituting a suspension in a body
of liquid contained in a through-flow vessel
relative to the concentration of particulate. -
material in the liquid suspension constituting
the inflow to that vessel and in the liquid
suspension constituting the effluent from that
vessel, including a vessel having an entrance
for liquid and a dual outflow for liquid; a
stirrer or equivalent means for agitating the
main body of liquid suspension in the vessel
to maintain substantially constant dispersion
of particulate material therein; means for
shielding a region of the liquid suspension
from the effects of agitation, one part of the
outflow being situated within this shielded
region and adapted to withdraw liquid from.
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where the concentration of particulate materi al timed intermttent and

alternating flow from Is slight, and the other part of the
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