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COMPLETE SPECIFICATION
A Coniinucus Process for the Preduction of “ Beer?”

We, Doatixion  Brewkries LiiTten, a
Company duly incorporated under the laws
of the Dominion of New Zealand, of Queens
Arcade Building. Customs Strect East, Auck-
land C.1., New Zealand, do hercby declare
the invention, for which we pray that a
Patent may be granted to us, and the method
by which it is to be performed. to be parti-
cularly deseribed in and by the following
statemient -

This invention relaies to a continuous
process for the production of * beer ™

The term ™ beer ™ as used herein both in the
description and in the Claims is confined to
beverages for direct censumption by which
we mean ale. lager beer, stout and like
beverages for direct consumption: as distinct
from fermenied liquors such as fermented
molasses solutions intended for d;cull.mon
which are sometimes referred to as ** beer ™
but are not prepared for direct consumption.
With such liquors the problemns of producing
a “mature” and not a *“worty " or a
*“yeasty 7 beverage do not arise.  The
presen
these problems.

The invention consists in a continuous
process for the production of *beer™
comprising the steps of adding ** fresh
wort ” to a. or to a first, fermenting and
maturing zone- containing wort which is
being coutinuously fermented by means of
yeast suspended therein: agitating the con-
tents of the fermenting and maturing zone or
zones sufliciently to maintain the suspension
of ycast and wort in a substantially homo-
geneous state and at a substantially uniform
temperature:  withdrawing *“beer ™  from
the, or from the last, fermenting and maturing
zone; maintaining in said zonc or zoncs a
concentration of suspended yeast which is
sufficient to achicve by the fermentation of
the wort in said zone or zoncs a desired re-
duction of the specific gravity of the added
wort: and maintaining conditions of yeast

[Price 3s. 6d.]

t invention is dircctly concerned witiy

activity which are such that the * beer ™
produced is a ** matured beer 7.

The invention also consists in apparatus
for the continuous production of ** bzer™
including at least onc fermentation and
maturing vessel which is provided with
means for agitating the contents thercof,
wherein conduit means are provided for the
introduction of wort to be fermented and of
yeast into the vessel, or into the first of the
vessels. and for the withdrawal of ** beer ™
from the vessel, or from the fast of the vessels,
and wherein means are provided for control-
ling the fermentation and maturing conditions
in the-fermentation and maturing yvessel or
vessels, including the temperature, the degree
of agitation and the pH of the fermenting
liquid so that tlu * beer T produced s u

* matured beer.’

The term ** fresh wort ™ as used herein both
in the description and in the Claims refers 1o
wort in which substantial yeast activity has
not as yet taken place. In general, we can
usc any unfermented brewery wort which is
normally used in the production of beer and
which has beoen processed to the point at
which such wort s rcady to be subjected to
fermentaiion

Furthermore, when we refer herein both

in the description and in the Claims to the
production of a * matured beer™ by our
fermentation process, we mnwcan “ beer ™

having the characteristic flavour which, in
beer produced by conventional batch pro-
cessing. is a rosult of a maturation period
following the main fermentation.  The
* matured beer 7 of the invention has been
found to need at most subsequent treatment
of the kind supgested hcum c.g. cooling,
holding for a p..i‘md within the range of from
six to forty-eight hours. inclusive, carbonation
and {inal clarification, without the necessity

“for any subsequent storage period involving

maturition of the *
Our

beer 7.
experiments suggest,
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tie ** beer ” may be stored for a poriod of
up to taree months before bottling or kegs
without deicrioration, bui this dozs not
improve the *“beer”™ and is, therefore,
unaccessary.

Furthermore, because production under
the process of the invention is continuous
and deliverics from most brewerics cease
during the week-end, finished ** beer ™* stocks
accumulate over this period, and brewerics
will normally find it nccessary to carry a
buffer stock of at least scven days supply.
This should not, however, be confused with
storage for maturation purposes.

According to one aspect. the present in-
vention depends upon the observation that
maturing may be accelerated, so that it
becomes possible to produce a ** matured
beer ™ in the rapid continuous fermentation
process of the invention, by controlled yeast
activity in the wort, including the rate of
yeast propagation. In contrast from any
possible application of continuous ferment-
ation to alcohol production in which yeast
propagation must be minimised so far as
practicable as representing a reduction in
the vickl of alcohol, the present invention
employs in onc of its aspects, rapid pro-
pagation of the yeast in the wort. This
is our preferred method of sccuring the
removal from the wort of the matenals re-
quired by the ycast for ycast activity

Ivver
S

(especially amino-acids and other soluble

nitrogenous matter), and of conirolling the
release into the wort of by-producis of
the enzymatic activity of the yeast both of
which effects appear from our investigations
to be essential to the production of a fully
stable and * matured ™ ** beer ™.

QOur experiments suggest that * beer ™
made under the process of the invention
contains desirable flavour-producing material
not found in normal batch-fermented beer
at the end of fermentation, and, according
to these findings, this material results from
the action of the active enzymes of the yeast
being kept in suspension in the beer during
the time in which the * beer 7 is held in the
fermenting and maturing vessel or zone and
maintained at necar the finished specific
gravity of the “ beer ™.

Qur experiments also suggest that ** beer ™
made in -accordance with the invention has
a much cleaner flavour than beer produced
by batch fermentation, and 1s not saturated
with those volatile substances which are
present in batch-fermented beer, and which
arc only removed by a period of storage
involving maturation of the batch-fermented
beer.

A controlled release of flavour-producing
material is apparently cffected by controlling
the concentration of the by-products of the
utilisation of wort matcrial by the yeast in the
liquid in which the main activity of the yeast

takes place.

According to a preferred aspect of the
invention, a wort of highcr specific grovity
than that required for making the finished
“ beer ” is employed and the liquid is there- 70
after diluted, so that a sufiicient concentration
of the by-products of the utilisation of wort
material is maintained.

It will be understood that the * beer ™
produced in accordance with the invention 75
can be produced by fermentation with either
top or bottom fermentation yeasts and the
system works equally well with cither class of
yeast.

Thus, although the invention is particularly 80
concerned with the production of * beer ™
which is conventionally referred to as
“ matured beer ', e.g. lager beer in bottles.
the invention is also concerned with the
production of draught beer which is obtained 85
in a fraction of the time required for the
production of draught beer by conventional
batch processing.

In operation, the process and apparatus
of the invention allow the flavour and 90
specific gravity of the finished * beer ™ to

¢ controlled and the * beer ™ to be obtained
in a fraction of the time required for con-
ventional * beer ™ processing, for example
periods as low as 18 hours as compared 95
with periods of 3 to 16 wecks generally re-
quired in conventional batch processes. In
particular. the invention allows substantially
continuous blending of the processed mat-
erial during fermentation and maturing, 100
and this contributes to close control of
flavour and specific gravity.

The invention also leads to a considerable
economy in the labour, the capital and the
refrigeration equipment required as compared 105
with conventional processes, and allows
control of processing losses. In particular,
the necessity for the storage of * pitching
yeast ™" as in batch fermentation is eliminated
in most cases. 110

In general, we cmploy temperatures of
from 3§°F., but preferably above 48°F., up
to a value below the ™ thermal death point ™
of the yeast. ket when, in the description
and Claims, we reter to * high” temper- 115
atures we meio txraperatures in the ranges
now specified, o, temperatures of at least
55°F., and prcferably of from 55°F. to 75°F..
but in any case below the * thermal death
point 7 of the yeast. 120

According to a preferred process, the yeast
is fed substantially continuously by the
substantially continuous addition of ** fresh
wort *, or of wort in which yeast has been
caused to propagate, to a fermentation and 125
maturing zong, or to the first of a scries of
fermentation and maturing zones.

We prefer that fermentation should take
place in the presence of a *“ high™ initial
concentration of yeast. 130
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By a *“high” initial concentration of
yeast, we mcan a concentration above that
normally obiaining at the pcak of a con-
ventional batch fermentation process. This
peak value is normally equivalent to 10
g s of yeast (with an 80% by weight
2. ture content) per litre of wort. In
w=aeral, we use a concentration of yeast
which is equivalent to above 12 grams of
yeast (with an 80%, by weight moisture
content) per litre of wort.

We may use an initial concentration of
yeast up to a value equivalent to 100 grams of
yeast (with an 809 by weight moisture
content) per litre of wort. The preferred
range is equivalent to between 25 grams and
35 grams of yeast (with an 809 by weight
moisture content) per litre of wort.

Accelerated fermentation and maturing
at ** high ™" temperatures are achicved by the
process of the invention without any sub-
stantial danger of autolysis of the yeast in
suspension, which is normally inherent in
batch fermentation. Autolysis is apparently
avoided because the continuously added wort
keeps substantially all the yeast in suspension
in the maturing *““ beer ™ in an active fer-
menting state, thus maintaining the enzymatic
activity of the maturing process and pre-
venting the yeast from using up its own
reserve of food which is stored within the
veast and thus from forming autolysates
which impart undesirable flavours to the
finished ** beer .~ ]

The fermentation and maturing obtained
in accordance with the invention also tend
to a reduction in, or a substantial elimination
of. *worty ” and * yeasty ” flavours in the
finished ** beer ™.

In order to protect the wort from any
deleterious organisms which may be con-
tained therein, “beer ™ may be withdrawn
from the system and rcturned to the in-
coming unfermented wort before the un-
fermented wort is introduced into the liquid
in the first fermentation zone. The * beer ™
is generally withdrawn in the ratio of at
least one part of beer to each part of the
unfermented wort.

This system brings about, because of the
dilution of the incoming wort, an immediate
drop in the pH so that fermentation takes
place at this minimum pH value.

The invention provides for the use of
intensive agitation which brings about greatly
accelerated fermenting rates and a high yeast
propagation without, or substantially with-
out. the formation of foam. This intensive
agitation not only achicves substantially
immediate homogeneity of the added wort
and of the fermenting liquid contained in
the fermentation and maturing zone or
zones but gives a close control of yeast
activity within the “beer”. This in turn
controls the amino-acid content of the

finished ** boer ™, the pH thereof, the fiavour
and the resistance to bacterial growih, and it
is possible, for instance, to control the
process at a substantially constant pi value
which is determined by the nature of the
desired finished ** beer ™.

In order to obtain *beer™ of good
keeping quality, the yeast must be encouraged
to reproduce itself and so to extract from the
wort the necessary yeast growth material.

Both “ rapid ™ extraction of yeast growth
material and “ rapid ™ propagation of the
yeast should be encouraged. By * rapid ™
extraction of yeast growth material and
* rapid ™' propagation of the yeast. we mean
that the time required for the extraction of
yeast growth material and for the yeast
propagation which follows are short by
comparison with the time required for normal
batch fermentation and maturing of ** beer ™';
we prefer (according to a further aspect of
our pracess) that the extraction from the wort
of yeast growth material should be largely
completed during an initial stage followed by
fermentation of the wort in a separate
fermentation and maturing stage or in
separate fermentation and maturing stages.

This action results in * beer ™ of better
flavour and in the provision of less nutrient
for harmf{ul bacteria which normally cause
g)-called “off flavours™ in the finished ““teer.”
Yeast activity, which includes yeast pro-
pagation, is controlled by inser alia the degree
of agitation, the fermenting temperature
and the concentration of yeast and of nutrient 160
suspended in the fermenting wort.

Should it not be possible to maintain the
required ycast concentration in the fermenting
wort by the propagation of the yeast therein,

a proportion of ycast separated from the 105
*“beer 7 product may be returned to the fer-
menting wort.

A continuous flow of pure yeast obtained
from a separate, substantially pure, culture-
propagating plant may be added to the 110
unfermented incoming wort.

In order to start the operation of the
fermentation system, a predetermined
quantity of wort and yeast which is equal
to substantially 30 times the hourly flow of 115
fermented wort required may be added to
the fermentation and maturisz zone or
zones and allowed to fermenat.  As soon as
the required spzcific grasity of the fermenting
wort is reached, the ¢ wniinuous flow of wort 120
to the. or to the first, zone and the with-
drawal of the fermented wort from the, or
from the last, zone are commenced. The
continuous flow can be halved by reducing
the level of the fermenting wort in the fer- 125
mentation and maturing zone or zones
accordingly and variations down to one-
tenth of the total capacity are possible.

It will be understood that the wort may
include the liquefied extract of fermentable 130
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matter w hl(.h is derived ﬁ om frun vegetables,
cereals or sugar cane.
The usua! wort may also bo replaced by
two wort portions one of which pr owdn m:
itrients for yeast growth and also the

‘wecessary material for the production of

body and alcohol in the finished “ beer
and the other of which contains the flavour
and aroma material, sugary matter and hop
extracts.

We prefer, in many cases, to prepare in the
brew-house a wort having a specific gravity
in excess of that required for making the
finished *“beer™, to treat the wort as
described herein and to dilute the fermenied
wort at a later stage. Ina system with two or
more fermentation and maturing siages, the
dilution may be effected between stages. and
may be effected partly at one point in the
system and partly at another. The wort
entering the fermentation process may have
a specific gravity which is such that dilution
with up to six parts of dilutant is required for
each part of entering wort. The diluent
material may be water or water contzain
flavouring material of a fermentable
non-fermentable nature.

The outgoing ™ beer ™ may be cooled by
the incoming cold wort with the use of a
suitable heat-exchanger and by so doing the
temperature of the “cold inc coming wort is
increased.

If desired. the unfermented wort can be run
directly to the, or to the first. fermentaiion
and maturing zone and. in this case. the
outgoing ** beer ” which runs through the
heat-exchanger can be cooled by a conven-
tional refrigerant.

The process of fermentation brings about
the formation of carbon dioxide and in an
open vessel this escapes 1o the atmosphere.
When enclosed vessels are used. means for
venting the carbon dioxide to the atmosphere.
or to a compressor for storage and further
use thereof, should be provided.

The inventiun will now be particularly
described, by way of example, with reference
to the accompanying drawings in which:--

figure 1 is a schematic diagram of one
form of apparatus according to the inven-
tion for the continuous

*beer 7y

figure 2 is a schematic dingram of &
second form of apparatus according 1o mc
invention for the continuous p.odmt'on
of ** beer ';

figure 3 is a schematic diagrant of a
third form of apparatus according w the
invention for the continuous production
of ““ beer ™;

figure 4 is a schematic diagram of a
fourth form of apparatus according to the
invention for the continuous production
of “ beer ™;

figure 5 is a schematic

ino

or

diagram of a

& 7:3%

production of

fhh form of oy

-
nn.u.;",.:

4 Inan
L/l .

figure 6 is
sixth form of oy
invention for the

£ beer "; and

figure 7 is a schemaiic
form of fermenting and ma
the apparatus of figures 1 10 6
Referving firstly to Figure 1.

a vahe-con-

trolled pipe-line 10, connzcied to a wort
supply vessel (not shown). continuously
introduces acrated ** fresh wort ™ into a

fermenting and maturing vesse! AL

The valve in the p1p=-lm~ 10 ¢
introduction of the ** fresh wort 7 iato the
vessel A at a substantially constant ratg,
Yeast is gencrally Lup‘ mthe vosel A a
predetermined © high = concentration and thc
liquid contents of the vessel A ore gencrally
kept at a * high™ lemp—:m.u:. Thcsc
contents, which include the addad ** fresh
wort 7. are coatinuously mainiained in a
substdrl.dll) homogeneous size by means
of a mechanical agitator 11, Al thess faciors
combine to promote a high decres of yeast
propagation znd active fermenietion.

The fermented wort Is wit
vessel A by a wzzlu-con'ro"
the rate @t which the “fresh wort 7 is
introduced into the vessel and i~ fed 1o a
continuous yeasi-separation ves<ci B, In this
vessel. yeast is separated from the fermented
wort by the rapid floceulation of veast and 100
the sctiling of the yeast on the bottom of the
VESSS

The resulting ** bear ™ flows,
13, through a heat-sxche
reduces the temrnorature of 1t
and through a pl,m-hn-_ 14
vessel . The ™ beer ™ is hetd
for a pertod within the range o'
hours, inclusive. and is thereaf

80

controls the

85

o

g0

wdrewn from the

n;-;i‘-l!ns 12 at

iz 2 pipz-line
D. which
e boer 7,105
a2 holding
the vessel [‘
o1 6 to 48

r withdrawn

for carbonation, tm.! clarificatios g...d Eoad- 110
ing or kegginga, as ** maivred Loer 7.

The temperature of the fermoniing wort in
the vesse! A can be maintaingg h\ heating
and ‘or mulmn means {net shown) at the
desired " high ™ value. 115

Furthermore. the agital maintaing
substantial homogenoity of contents of
the vessel A as the added ™ fresh wort
di;pcrs'f-d therein.

In gencral, the nqu'r-*d speoiiiy gruvity in 120
the ﬁmsh:d beer 7 is obtained by adjusting
the incoming flow of ** frosh wert ™ so that
th fermentabls materizl re < substan-

ially exactly the m: fermented,
whucb) the specific g_ru\, in tie vessel A 125
remains subsmmm;l onstani &t a desired
value.

Fermented wort is withdrawn through the
pipe-line 12 ai a rate which I\ subst..nuall)
identical to the rate at which * fresh wort 7 130
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is added. This rale of addition o
wort ” (ang of withdrava Fnicc
depends on the contditions in t
is increasza for higher liquid levels, tempera-

5 tures and yeast concentrations, or for inten-
sive agitation. or for various combinations of

. these factors. With lower yeast concentrd-

tions and tempecratures, and with gentle

agitation, the hourly addition ratc may be,

10 for example, approximately onc-sixticth of
the total contenis of the vessel when a
measured specific gravity drop of thirty-
thousandths is required in a * fresh wort ™
having a specific gravity of 1.036. With in-

15 tensive agitation. higher temperatures, for
example 80°F.. and higher yeast concentra-
tions, for example equal to 70 grams of ycast
(with an 80°; moisture content) per litre of
fermenting wort, the hourly throughput of

20 wort may be, for example. as high as onc-
tenth of the total contents of the vessel. These
conditions may be adjusted in accordance
with the flavour required in the finished
* beer 7.

25  The amount of yeast which is being pro-
duced may be controlled by adjusting the
degree of agitation. the concentration of
yeast in suspension and the temperaturc.
Higher tempzratures and higher agitation in-

30 crease yeast propagation while higher yeast
concenfrations decrease the rate of yeast
propagation. When approximately 5 grams
of yeast arc propagated per litre of wort. a
fulicr. sweeter ** beer ™ is obtained, whilst,

35 when approximately 15 grams of yeast per
litre of wort arc propagated, a drier, bitterer
* peer = 1s obtained. These yeast concentra-
tions are based on an incoming wort consist-
ing of a malt extract with a specific gravity

40 of 1.027. Yhen the malt extract has a higher

specific gravity, the rate of yeast propagation

should be increased to obtain the same
flavour.

The yeast which has settled to the bottom
of thz veasi-separution vessel B runs through
a pipe-line 17, a pump P and a valve-con-
trolled pipe-line 13 iu surplus yeast tanks
(oot shown). Under some conditions, the
outgoing flow through the pipe-line 12 may
50 carry therewith more yeast cells than are

being propagated in the vessel A when this
occurs. part of the surplus yeast from the
yeast-separation vessel B may be returned to
the fermenting and maturing vossel A through

55 the valve-controlled pipe-line 18 in a suf-
ficicnt guantity to mainwin the required
yeast concentration in the vessel Al

The yeast-separation vesscl B may be
replaced by a centrifugal clarifier of con-

60 ventional construction.

The heat-cxchanger D is employed for
reducing the temperature of the * beer ™,
while finings or absorbent material for clari-
fication purposes may be injccted into the

65 *beer ™ by ticans of a pipe-line 20 and/or

o
th

JGine 25 both of which are valve-
A plurality of holding vessels

conirolled. A
as the vesset E may be used, and the
“Lecr ™ may remain in these vessels for a
total period greater than 48 hours before 70
being discharged for carbonation, final clari-
fication and bottling or kegging. However,
our experiments suggest that holding for a
period above 48 hours does not lead to any
noticeable improvement in the flavour and 75
general quality of the final * beer ** product.

When desired. a2 plurality of fermenting
and maturing vessels may be substituted for
the fermenting and maturing vessel A, in
which case the output of the first vesselis at 80
a desired intermediate specific gravity and
the wort is further treated in the next vessel
or vessels until a desired specific gravity and
maturity are achicved, the agitation, yeast
concentration and temperature in each vessel 85
of the series being separately controlled.

The apparatus shown in Figure 2 is similar
to that shown in Figure 1 except that a
further fermenting and maturing vessel A’
similar to the vessel A, is connected in series 90
between the vessel A and the yeast-separation
vessel B. The fermenting liquid contained
in each vessel is maintained at a predeter-
mined substantially constant level, and the
wort is progressively fermented into ** beer 7 95
by means of the two vessels A and A'.

Each of the vessels A and A’ is maintained
at its own individual temperzture, degree of
agitation and yeast concentration.

It is advantageous to run the vessel A s0 100
that substantially the total required amount
of yeast production is obtained in this vessel,
and to adjust the vessel A’ so that practically
no veast production occurs therein and
approximately one-fifth of the carbohydrate 105
content of the wort is comverted to alcohol
and carbon dioxide in the vessel A’

In order to produce substantiaily all the
yeast in the first vessel. a higher rate of
turbulence will be maintained therein so that 110
the yeast will rapidiy assimilate substantially
all the oxygen in the incoming aerated wort
and the second vessel will be run at a low
degree of turbulence.

% Fresh wort ™ is introduced into the first 115
vesse] A vig the ling 10, in which the wort can
be acrated, and fermenting wort passes from
the vessel A through a pipeline 22 to the
second fermenmting and maturing vessel A'l
ic which fermentation is completed (if 120
desired. the vessel A’ may be replaced by a
plurality of vessels, which may be operated
in serics).

A valve-controlled pipe-line 23 feeds fer-
mented wort from the vessel A” to the con- 125
tinous yeast-scparation vessel B, The yeast-
depleted ** beer ™ is pussed by a pipe-line 24
to one or more holding vessels E (not shown)
and thence to finishing vessels (not shown),

as indicated with reference to Figure 1. 130
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Yeast from the separa Lon veise
be pu'npcd through a pip:
or boih of the fcrmcm.ng
vessels A and A’ vig valve-conirolled inlet
pipes 27 and 28, cxcess yzast being di
charged through a valve-contratizd dischar ae

pipe 29. In order that all the conditions in
1he vessel A should be maintained favourable
to yeast growth, the yeast concentration in
this vessel should generally be kept as low as
possible by keeping the valve in the inlet
pipe 27 closed, and the temperature should
be kept at substantially 10°F. above that in
the vessel A’, which is preferably controlled
at substantially 60°F.

The apparatus shown in Figure 3 is similar
to that of Figurc 2 except that, in this case.
aerated “ fresh wort ™ is separately intro-
duced to the vessel A’ from a second wort
supply tank (not shown) viz a pipe-line 30.
In this way, the wort is fermented in two
scparate parts, but still in a continuous flow
as described in Figure 2

The wort which is fermented in the vessel
A may be characterised by z strong hop
flavour and malt ;\'raci, while the sugary
portion of the wort derived from the adjuncts
and containing the choice, delicately flavoured
hops is added to the vessel A", The malt
wort enters the vessel A as previously de-
scribed with reference 1o Figure 1 and the
agitation, temperature and yeast concen-

Line 28

K]
end

‘tration are adjusted for the desired degree of

veast propagation and fors ation. The
amount of carbohydrate material required to
give the desired flavour is fermented. the
fermemmg wort then passing to the vessel
A’ in which the adjunrct porion of the wort
is added: from there, the wort is treated in
a similar manner to that deseribed with
reference to Figure 2.

Under normal working conditions, the
proportion of malt wort to sugary wort will
be in approximately the ratio of 310 1 and
approximately 759, of the total flow will,
therefore, pass through the pxp.-hnu 22 and
the remaining 259 throu0h the pipe-line 30,
the total flow passing from the outlet of the
vessel A7 to the coatinuous yeast scparator B.
This system allows the reiention in the
finished beer of a part of the sweet. delicate
portion of the extracts which would other-
wise be lost during a normal batch fermenta-
tion. As described with reference to Figure 2,
a plurality of vessels may be substituted for
the vessel A’

The returned yeast is conveved separately
to cach of the vessels A and A’ but generally
the vessel A’ should be maintained at a
“ high ™ concentration of yeast of approxi-
mately 40 grams per litre.

In the apparatus of Figure 4, the vessel A
is preceded by the vessel F, and the vessel A’
is omitted. Instead of the wort running
continuously through the system. the wort

is fcu cuntii
21 to tn., Y .
line 32 controls
to the vessel A, 554
““ yeasty beer T from tI'J’ viz @ pipe-
line 33, which comtains & ;‘ i P,oand a
pipe-line 34, which feeds into the pipe-line 31
Thu fermented liquid from tho vessel A s
termittently fed to the ycast-separating
vess:.] B via a valve-comtrolied pipe-line 35
and a pipe-line 36.

The pump P in the pipe-line 33 continually
circulates * yeasty beer ™ from the vessel A
into the flow of wort in the pipe-line 10 at
a flow rate equal to approximately one-fifth
of the wort flow. A vigorous propagation
of yeast takes place in the vessel F and this
propagation can bc aided by the introduction
of air into the vessel F il it is found that the
desired amount of yecast is not being pro-
pagated. Since the ycast in the vessel F, and
the re-circufated * yeasty becr 7 in particula
rapidly absorb any necessary amounts of
oxygen, conditions in the vessel F ocan still
be kept ¢ substantially oxygen-free ™ even if
acration is carried to the point of saturating
the inflowing wort with air.

Stirring. heating and cosling means are
adjusted to give the requir red amount of
ycast propagation in the vessel Fo The con-
ditions in thz wvesse! F coutrolled in
accerdance with the flavour which is desired

Thev

sizd vith

ars
azld

as described with reference te Figure 1. Near

the end of the cycle, u....(‘r"kl : to the fiavour

of the ** beer ™ required, & bha "‘1 of -'casty
eor T oequal in amount ¢ :r vorl fed

b qual in upt o it d to

the vessel A, minus the rec !c vier mc pipe-

line 33, is caused w flow a! {or na

zn) 10 y2ast-
separation vessels B and B vie the pipe-line
35 and a change-over valve 354,

The valve 337 is conneciad to the vessel B
by the pipe-line 36 and 1o ihe vessel B' by
a pipe-line 37, the \c.\\w £ arnd B" beirg
interconezcted by means efavahes
pipe-tine 38. The valve 3{‘ in the pipe-line
38 is in turn connecied te 2 discharge line 39
through which the fermenied wort from
which the yeast has been mzinly separated is
passed to one or mare halding vessels and
to finishing vessels mentioned  with
reference o the previous Figures,

The timing of the change-over valve 3352
is linked with of the valve 382 in the
pipe-line 38 in such mapner that whilst one
yeast-sctiling \ux:l is on a filling cvcle, the
flow rate being the same as that in the valve-
controlled pl[)..-ll 1w 32 minwus the reeycle,
the othor yeast-settling vessel is on an emply-
ing cycle, the flow rate heing the same as
that of the flow throogh the control valve in
the pipe-line 10.

Discharge pipe-lines 40 and 41 lead from
the yeast-separation vessels B and B’ into
a pipe-line 42 provided with a change-over
valve 42¢. The timing of the change-over
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- controlled pipe-lines 44 and 45.

valve 422 is lir h that of the :
in such manner lhl‘.L:,CdS: is taken mro "'!z it
valve 422 from that vessel which is feading
fermented wort through the v ...\\. 3ba 7
fiows from the change-over valvi 424 ;rrou '1
the pipe-line 42 and a pipe-line 43, which
_ s controlled amounts of the yeast into
the: fermenting vessel A when required so as
to maintain the desired yeast concentration
in the vessel A: surplus yeast is discharged
in the opposite direction through the pipe-
fline 43 1o an excess yeast collecior (not
shown).

The apparatus shown in Figure 5 is similar
to that shown in Figure 4, except that, in the
case of Figure 5, the wort from the malt and
the wort from the adjunct are prepared
separately in the brew-house, the adjunct
wort containing the delicately flavoured hop
material which is added by way of a vessel F'.

Thus. the system is similar to that of
Figure 4 except that a second simitar vessel
F* is included in the system before the
vessel A, The vessel F' is fed from a separate
wort supply vessel (not shown) wig valve-
A further
valve-controlled pipe-line 434 intermittently
feeds. as required, wort in which veast has
been caused to propagate from the vessel F°
to the vessel A.

“ Yeasty bee is fed 1o the vessels F
and F’ as nqumd through the pipe-line 33,
valve-controlled pipe- lines 34 and 46 and
pipe-tines 31 and 45. The two different
kinds of wort are fed to the fermenting and
maturing vessel A from the vessels F and F.
The malt won portion is added intermittently
to the vesse! A in a similar way o that
deseribed with reference to Figure 4. The
sugary solution. which contains the delicate
hop extracts, flows into the vessel F' con-
tmuoud\' but is likewise iniermittently added
to the vessel A.

The proportion of sugary wort to mali wort
is usually in the ratio of oas part of sugary
wort to three parts of malt wort but “this
ratio can be varizd if dc:md The sweetness
of the finished “ beer ™ may be varied by
varying the time of addition of adjunct wort
from the vessel F’ to the vessel A in relation
to the addition of the malt wori from the
vessel o Otherwise, as indicated above, the
apparatus is closely similar to that shown in
Figure 4.

In the appuratus shown in Figure 6 two
portions of wort, namely malt wort for
making the body and alcoho! ard sugary
wort. which contains the flavour and bouquct
material {(as described with reference to
Figure 3). are prepared in the brew-heuvse
and are introduced separately into a plurality
of fermenting and maturing vessels, a serics
of four being illustrated. The first portion
¢the malt wort) is obtained from the cor-
responding supply vessel (not showan) by

* required for making the finished

lh ;'p\.-!mu 10, dud may be fed to cach of
thwce fermwniting and maturing vessels A,
Al and A"‘, eithcr separa J) or in serics
{possing from one to the other by the inter-
conncciing lnes shown), and is finally fed
by a pipe-line 47 to a fermenting and matur-
ing vessel A3,

Althoann an appﬂratus employing four
fcrmsmm‘. g and maturing vessels is illustrated,
it will be understood from the foregoing
description that a larger or a smaller number
may be used as desired. The sccond portion
{the wort containing the flavour and bouquet
material) is obtained from the corresponding
supply vessel {not shown) i@ a pipe-line 50
and may be passed as required directly
through pipe-lines 51, 52 and 53, or in series
through the interconnccting lines, to the
vessels A', A% and A3

The first portion of the wort which is
being foermented in the vessel A may not
always contain all the material for making
alcohol, whilst the flavour and bouquet
material of the second portion added to the
vessels Al A® and A3 would in most cases be
of a fermentable nature. Therefore, as well
as adding the desired bouquet and flavour
to the finished ™ beer ™ this second portion
also increases the alcoholic content thereof.

The first portion of the wort may bz of a
higher specific gravity than that required
for making the finished ** beer ™ to allow for
the daluimu effect of the flavouring material.

In gencral, a wort which is substantially
higher in specific gravity than that normally
“ beer
may be employed. Thus, the wort may have
a specific gravity of up to 1.300 and may be
diluted with up to six parts of water for each
part of wort as the fermenting wort flows 105
through the system, so that the finished
“beer ™ will have the same measured
specific gravity and alcoholic content as
that made from a brewers’ wort with a
specific gravity of 1.050. The wort of110
substantially higher specific gravity is diluted
with water, or water containing flavouring
material of a fermentable or unfermentable
nature, as the fermenting wort flows through
the system, until the desired specific gravity,
alcoholic content and flavour are achieved.

From the fermenting and maturing vessel
A3, the fermented wort is passed by way of a
valve-controlled pipe-line 48 to the yeast-
separation vesse! B from which the yeast is 120
pumped vie a pipe-line 49 and is introduced
into any of the vessels A to A® when necessary
to maintain the required yeast concentration.
contro! being provided by the valves indi-
cated. In order to ensure that the flow of 125
partly clarified fermented wort from the
yeast-scparation vessel B should be equal to
the ** yeasty beer ™ flow into this vessel, the
top of the vessel B is vented and is connected
by a pipe-line 484« to the top of the vessel A3, 130
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Fermented wort lzaving the \‘.sxcl B is f\.u
vig pipe-lines 54 and 35 to a svcond yoast
separation vessel B2 The resuliing ** beer ™

which leaves the vessel B2 is passed by way of
pipe-line 56 to holding and finishing

vessels as mentioned with
Figure 1.

The yeast which has settled in the vessel
B? may be discharged via a pipe-line 57 to an
excess yeast collector. It will be noted that
when the yeast taken from the bottom of the
yeast-separation vessel B is not required for
maintaining a requircd yeast concentration
in any fermenting and maturing vessel, the
yeast is pumped tl1r0u0‘1 the plp‘.-lmu 49 and
a pipe-line 58 into the pipe-line 55 in which
the yeast is mixed with partly clarified fer-
mented wort from the outlet of the separation
vessel B, the cemplete flow going through the
pipe-line 55 into the second continuous yeast-
separation vessel B2

The flow of sugary wort into the series-
connected vessels can be adjusted to give
large variations in flavour to the finished
“beer ™ but, of course, the other controls
of flavour, for example the control of yeast
propagation which is described with reference
to the apparatus illustrated in Figure 1 may
also be used in this case.

The malt wort addition can be adjusted so
that the vessel A is maintained at the lowest
possible specific gravity, and under these
conditions acts as a ycast-propagating or
yeast-growth vessel, the yeast slurry being
fed to the vessel Al It is apparent from the
illustration of this system and the various
valve controls provided therein that a varied
combination of treatments may be emiployed
sclectively ¢s desired. so that the rapidly
fermenting and maturing wort may be sub-
jected to variations in trcatment as the wort
passes through the system.

iowill also be apparent from the foregoing
that the principles of the invention described
herein may be applicd in a2 number of ways
to suit particular requirements, for example
by varying the number of fermenting and
maturing zones, the manner of addmn worl
and the yeasting thercof.

The fermenting and maturing vessel iltus-
trated in FxgurL 7 is proude with a pro-
peller 122 mounted on a drive shaft 121.
The drive 120 lics outside the vessel and the
drive shafi 121 passes throvech a gas-tiaht
gland 113 in the domed top 112 of the vessel,
which is vented at 114,

The vessel s provided with a wort inlet
117, an inlet 118 for yeast or ** yeasty beer ™
and an outlet 119 for fermented wort. The
propeller 122 is surrounded by a cylindrical
shroud [23.

The clearance 124 bztween the shroud 123
and the conical bottom 116 of the vessel is
adjustable between predetermined limits as
required.

refercnce to

8! ,391

Th" vessel briefly U\.\Cllb\.d above may bv
used as follows, th.. us2 of a single vessel
being descricad for simp! icity:—~

Acrated * fresh wort ™ to be fermented is
continuously added to the vessel through the
inlet 117 and the rotating propeller 122 rapidly
mixes this added material with the material
already in the vessel so that the contents of
the vesscl are maintained in a hoinogeneous
condition. The clearance 124 and the speed
of the propeller 122 can be adjusted so as to
provide various low pressure conditions under
the propeller which assist in drawing the
carbon dioxide out of the liquid.

In general, the diameter of the shroud 123
should be approximately onec-sixth of the
diameter of the vessel. The risc of the carbon
dioxide bubbles through the shroud 123 (as
indicaied by the arrows) takes placé at a
faster rate than the natural upward move-
ment of the bubbles if the liquid were
quiescent.

This arrangement allows the use ¢f inten-
sive agitation without the formation of any
substantial head of foam on the agitated
liquid. and average running conditions for
the agitating mechanism cause a substantially
complete circulation of the contents of the
vessel every minute.

The heat of fermentation in the fermenting
and maturing liquid is controlled by coolmg
and:or heating means (not shown).and the
fermenting and maturing wort in the vessel
is kept in a steady state by adjusting the
throughput, the temperature, the yeast con-
centration and the degree of agitation, e.g.
the propeller speed.

At the same time, fermented wort is con-
tinuously withdrawn through the outlet 119
and sq‘ardtcd yeast may be introduced as
required through the yeast inlet 113,

It will be understood that the connections
to and from the vessels are varied as required
by the systems shown in Figures | to 6.

The Specification of Application No. 110
7381;61 (Serial No. 872395) which has been
divided from the prescnt Application. claims
a process for the production of ** beer 7. by
continuous fermentation, wherein substan-
tially unfermented wort is subjected 10 the
action of a ** high ™ initial concentration of
yeast under conditions leading to *rapid ”
extraction of yeast growth materials from the
wort and to a * high™ degree of yeast
activity: and apparatus for producing
* matured beer ™ by continuous fermentation
including a first and a second treaiment
vessel: means for feeding wort to said first
vessel;  means for transferring  partially-
fermented wort from said first to 5'ud second 125
vessel; means for agitating the contents of
each said vessel; means for intreducing
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from a point in the flow later than said second
vessel, to said first vessel. _
The Specification of Application No.
7356/61 (Serial No. 872409), which has been
divided from the present Application, claims
a process for the production of * beer ™ by
-nntinuous fermentation, whercin unfer-

«.1ted or partially fermented wort is added
‘to and dispersed in at least one body of

continuously fermenting wort with yeast
homogeneously suspended therein and the
reduction of the specific gravity of the added
wort by fermentation is carried substantially
to completion in said body. such addition and
dispersal taking place cither continuously or
at such frequent intervals as to prevent the
starvation of the suspended yeast: whereby
accelerated maturing of the *beer™ is
achieved without any substantial autolysis of
the yeast.

The Specification of Application No.
7380,61 (Serial No. 872.394), which has been
divided from the present Application, claims
a process for the production of ** beer ™, by
continuous fermentation, in which there are
fed to a plurality of vessels connected in
series a main flow, of wort containing ycast
growth materials, and a supplementary flow,
relatively free from yeast growth materials;
and in which all or part of the supplementary
flow is mixed with the main flow only after
yeast propagation in said main flow is
largely completed.

The Specification of Application No.
7385/61 (Serial No. 872.399), which has been
divided from the present Application, claims
a process for the production of ** beer ™ by
continuous fermzntation, in which the pH of
the. inflowing wort is adjusted, before sub-
stantial fermentation or yeast propagation is
allowed to take place therein, by mixing with
said wort liquid recirculated from a later
stage of the fermentaticii process: and
apparatus for producing becr by continuous
fermentation including a first treatment
vessel (or vessels). a second treatment vessel
(or vessels), means for supplying substantially
unfermented wort continuously to said first
vessel, means for iransferring wort from said
first 10 said second vessel. means for with-
drawing fermented wort from said second
vessel. means for the continuous recirculation
to said first vessel of fermented wort which
has passed through said sccond vessel. and
means for mixing the inflowing wort and the
recirculated liquid together before they enter
said first vessel.

The Specification

of Application No.

.7382,61 (Scrial No. 872,396), which has been

divided from the present Application, claims
a process for the manufacture of * beer 7,
which comprises continuously fermenting
wort in at least one fermenting vessel and
maintaining a desired yeast concentration in
said vessel; adding wort to the fermenting

wort at a desired rate; agitating the resulting
body of liquid to cause substantially im-
mediate homogeneity of the added wort and
the fermenting wort, and to maiatain said
body of liquid at a substantially uniform
temperature; and withdrawing fermented
wort from said vessel.

The Specification of Application No.
7383/61 (Secrial No. 872,397), which has been
divided from the present Application, claims
a continuous “ beer ” fermentation process
in which yeast suspended in a body of con-
tinuously fermenting wort. to which wort to
be fermented is continuously or intermittently
added, continuously utilises material in the
fermenting wort, the conditions being
adjusted to control the utilisation of said
material in such manner as correspondingly
to control the release into the fermenting
wort of various by-products of said utilisation.

The Specification of Application No.
7378/61 (Serial No. 872,392), which has
been divided from the present Application,
claims a continuous * beer ” fermentation
process, whercin a bady of continuously
fermenting wort, to which wort to be fer-
mented is added, and containing yeast for
the fermentation thercof, is sufficiently
agitated to ensure schstantially continuous
homogeneity of suid body, the rate of yeast
propagation in said body being controlled in
relation to the temperature and to the degree
of agitation thereof and to the yeast concen-
tration therein, in such manner as to obtain
a desired pH in the finished beer.

The Specification of Application No.
7379/61 (Serial No. 872.393), which has
been divided from the present Application,
claims a continuous * beer ™ fermentation
process, wherein a body of continuously
fermenting wort, to which wort to be fer-
mented is added, and containing yeast for
the fermentation thereof, is sufficiently
agitated to ensurc substantially continuous
homogeneity of said body, the fermentation
and the rate of yeast propagation in said body
being controlled in relation to the temperature
and to the degree of agitation thercof, and to
the yeast concentration therecin, in such
manner as to obtain a desired reduction in
the amino-acid content of the added wort by
yeast utilisation,

The Specification of Application No.
7384/61 (Serial No. 872.398), which has
been divided from the present Application,
claims a continuous * beer ™
process, wherein a body of continuously fer-
menting wort, to which wort to be fermented
is added, and containing yeast for the fer-
mentation thereot. is sufliciently agitated to
ensure substantiz!ly continuous homogencity
of said body, the rutc of yeast propagation
in said body being controlled in relation to
the temperature and to the degree of agitation
thercof and to the yeast concentration therein,
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in such i‘.‘.anm z:s
tancc to bacterial
* beer 7.

WHAT WE CLAIM IS:—

1. A continuous precess for tiie production

f “beer " comprising the steps of adding
* fresh wort ™ to a, or to a first, fermenting
and maturing zone containing wort which is
being continuously fermented by means of
yeast suspended therein; agitating the con-
tents of the fermenting and maturing zone or
zones sufficiently to maintain the suspension
of yeast and wort in a substantially homo-
gencous state and at a substantially uniform
temperature; withdrawing ** beer ™ from the,
or fromr the last, fermenting and maturing
zone: maintaining in said zone or zoncs a
concentration of suspended yeast which s
sufficient to achieve by the fermentation of
the wort In said zone or zones a desired
reduction of the specific gravity of the added
wort; and maintaining conditions of yeast
activity which are such that the * beer ™
produccd is a “ matvred beer ™

A process as claimed in Claim 1. in
\\thh both the addition of * fresh wort”
and the withdrawal of **beer™ arc con-
tinucus.

3. A proces s as claimed in Claim | or 2.
in which the “ beer ™ which is withdrawn is
thereaficr substantially separated from the
yeast contained therein.

4. A process as claimed in any of Claims
1 to 3. in which yeast is recycled to the, or
to at [zast one, fermenting and NQiuring zone.

5. A process as claimed in any of Claims
I to 4, in which ** beer ™ s recyeled to the,
or to at least ong, fermenting and maturing
zone.

6. A process as claimed in any one of the
preceding Claims, in which the added wort
has a specific gravity exceeding that required
for making the finished * beer ™. and is
diluted after fermentation. or after one or
more stages of fermentation.

7. A process as claimed in any of Claims
I to 6, in which carbon dioxide is withdrawn
from the, or each. fermenting and maturing
zona.

8. A process as claimed in any of Claims
i 10 7, in which the addad wort 15 dispersed
in the. or cach. zonc by agitation which 15
such as to maintain the fermenting wort in
the form of a subsitantizlly homogencous
suspension without the formation of a sub-
stantial head of foam thereon.

9. A process as claimed in any of Cliims
1 to & wherein a substantially um‘ar)'ino
volume of liquid is maintained in the.
each, fermenting and maturing zone.

10. In a process as claimed in any of the
preceding Claims, controlling ihe ratc of yeast
activity, by adjustmicnt of the conditions
of fermentation and maturing, so as to
maintain said rate subst.mtmllv steady, at a

1 a dasired resis-
in the finished

level determined by €
wort znd ths
final * beer ™.

Il. In a process as claimed in any of
Claims 1 to 10, adjusting the conditions of
fermentation and maturing, and the rate oF
any recirculation of yeast or yeasty * bzer,”
so as to maintain the yeast concentration
in the, or each, fermenting and maturing
zong, at a level determined by the nature of
the added wort and the character required
in the final ** beer .

12. Ina process as cluimed in any of Claims
1 to 11. controlling the rate of yeast activity
in such manner as to give a desired pH to the
final ** beer ™.

13. A process as claimed in any of Claims
I to 12, in which the pH at which ferment-
ation begins is controlled by controlling the
nature of the added wort and the proportions
in which the added wort is mixed with the
continuously fermenting wort, and the pH
of the final “ beer ™ is controlled by con-
trolling the rate of yeast activity.

14. A process as claimed in any one of the
preceding Claims, in which fermentation
and maturing of the wort take place in two
or more stages and:or in two or more parts.
in a series or set of zones in cach of which

continuous fermentation and maturing are
maintained.

15. A process as claimed in any of Claims

i to 14.in which fermentation and maturing
arc carricd oui In 2 series of zones, in cach of
which, except the first, partially fermented
worl from a preceding zone is disperse

16. A precess as claimed in any of Claims
I to 15, whercin a plurality of fermenting
and maturing zones are employed, and the
concentration of veast in each zone is deter-
mined by controlling the amount of sus-
pended yeast in the flow from one zone to the
next in the divection of flow.

17. A process as claimed in any of Claims
I to 16, wherein yeast is separated from the
*beer ™ product by passing the * beer ™
into a scitling vessel and by overflowing the
“beer” in a condition substantially free
from yeast from an upper parnt ! :he vessci.
the settled yo:71 being extracted from a
lower part of e vessel,

18. A process as claimad in any of Claims
I to 16, wherein veast is separated from the
* beer 7 product by means of a centrifugal
clarifier,

19. A process as claimed in any of Claims
I to 18, whercin the yeast concentration in
the, or each. fermenting and maturing zone
is controlled 16 a valuc above 12 grams per
litre of wort and up to a value of 100 grams
per litre of wort.

20. A process as claimed in any of Claims
1 to 19, wherein the temperature in the, or
cach, fermenting and maturing zone is con-
trolled to a value of at least 38°F. and
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WHAT WE CLAIM [S:—

- 1. A continuous process for the production
§ “beer™ comp'lsmo the steps of adding
to a, or to a first, ferm;ntmg
and maturing zone containing wort which is
being contmuously fermented by means of
yeast suspended therein; agxtatmo the con-
tents of the fermenting and maturing zone or
zones sufficiently to maintain the suspension
of yeast and wort in a substantially homo-
gencous state and at a substantially uniform
temperature; withdrawing * beer ™ from the,
or from the last, fermenting and maturing
zone; maintaining in said zone or zones a
concentration of suspended yeast which is
sufficient to achieve by the fermentation of
the wort in said zone or zones a desired
reduction of the specific gravity of the added
wort; and maintaining conditions of yeast
activity which are such that the * beer™
produced is a ** matured beer ™

2. A process as claimed in Claim 1.
which both the addition of * fresh wort ™
and the withdrawal of *“beer™ are con-
tinucus.

3. A process as claimed in Claim I or 2,
in which the ** beer  which is withdrawn is
thereafier substantially separated from the
yeast contained therein.

4. A process as claimed in any of Claims
1 to 3. in which yeast is recycled to the, or
to at least one, fermenting and maturing zone.

5. A process as claimed in any of Claims
1 to 4, in which * beer ™ is recycled to the,
or to at least one. fermenting and maturing
zone.

6. A process as claimed in any one of the
preceding Claims, in which the added wort
has a specific gravity exceading that required
for making the finished * beer ™, and is
diluted after fermentation. or after one or
more stages of fermentation.

7. A process as claimed in any of Claims
1 to 6. in which carbon dioxide is withdrawn
from the, or each, fermenting and maturing

s tc obtain a desired resis-
1 growth in the finished

m ﬁJ
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8. A process as claimed in any of Claims
i 1o 7, in which the addad wort is dispersed
in the. or cach. zonc by agitation which is
such as to maintain the fermenting wort in
the form of a substantinlly homogencous
suspension without the formation of a sub-
stantial head of foam thereon.

9. A process as claimed in any of Claims
I to 8 wherein a substantially unvarying
volume of liquid is maintained in the, or
each, fermenting and maturing zone.

10. In a process as claimed in any of the
preceding Claims, controlling ihe rate of yeast
activity, by adjustment of the conditions
of fermentation and maturing. so as to
maintain said rate substantially steady, at a

level determined by the nature of the added
wort and the character required in the
final * beer ™.

I1. In a process as claimed in any of
Claims 1 to 10, adjusting the conditions of 70
fermentation and maturing, and the rate of
any recirculation of yeast or yeasty ** beer,”
so as to maintain the yeast concentration
in the, or each, fermenting and maturing
zone, at a level determined by the nature of
the added wort and the character required
in the final ** beer ™.

12. Ina process asclaimed in any of Claims
1 to 11, controlling the rate of yeast activity
in such manner as to give a desired pH to the
final *“ becr ™.

13. A process as claimed in any of Claims
1 to 12, in which the pH at which ferment-
ation begins is controlled by controlling the
nature of the added wort and the proportions
in which the added wort is mixed with the
continuously fermenting wort, and the pH
of the final * beer ™ is controlled by con-
trolling the rate of yeast activity.

14. A process as claimed in any one of the
preceding Claims. in which fermentation
and maturing of the wort take place in two
or more stages and;or in two or more parts.
in a series or set of zones in each of which
continuous fermentation and maturing are
maintained.

15. A process as claimed in any of Claims
1 to 14, in which fermentation and maturing
are carried out in a series of zones, in each of
which, except the first, partially fermented 100
wort from a preceding zone is dispersed.

16. A process as claimed in any of Claims
I to 15, wherein a plurality of fermenting
and maturing zones are employed, and the
concentration of yeast in each zone is deter- 105
mined by comrolling the amount of sus-
pended yeast in the flow from one zone to the
next in the direction of flow.,

17. A process as claimed in any of Claims
I to 16, wherein ycast is separated from the
*beer ™ product by passing the * beer”
into a scttling vessel and by overflowing the
“beer” in a condition substantially free
from yeast from an upper part «f the vessci.
the secttled yr::1 being extracted from a
lower part of 2 vessel.

18. A process as claimad in any of Claims
I to 16, wherein yeast is separated from the
*beer 7 product by means of a centrifugal
clarifier. 120

19. A process as claimed in any of Claims
1 to I8, wherein the yeast concentration in
the, or each, fermenting and maturing zone
is controlled to a v.1!u; above 12 grams per |
litre of wort and up to a value of 100 grams 125
per litre of wort.

20. A process as claimed in any of Claims
1 to 19, wherein the temperature in the, or
each, fermenting and maturing zone is con-
trolled to a value of at least 38°F. and 130
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below the ¢ 'th.,n.LJ~ death point™ of the 1 to 30, wherein, during the continuous
yeast. runninz, the fermentaticn and maturing

21. A process as cluimed in Claim 20,
wherein the temperaiure is above 48°F.

22. A process as claimed in any of Claims
i t~ 21, whercin the hourly rate of addition
of — . is approximately one-sixticth of the
cortznts of the fermentation and maturing
zone, or of all the fermenting and maturing
zones, for a measured spacific gravity drop of
thirty-thousandths.

23. A process as claimed in any of Claims
1 to 21. wherein the hourly rate of addition
of wort is approximately one-tenth of the
contents of the fermentation and maturing
zone. or of all the fermenting and maturing

zones. for a measured sp;cnﬁc gravity drop

of thirty-thousandths.

24. A process as claimed in Claim 23.
wherein the yeast concentration is approxi-
mately 70 grams per litre of wort.

25. A process as claimed in any of Claims
| to 24, wherein the rate of inflow of wort is
controlled in such manner that the fem
mentable material of the incoming wort
substantially exactly replaces the material
fermented.

26. A process as claimed in any of Claims ]
to 25, wherein the fermentation and maturing
are effected in a plurality of interconnected
zones and a stream of diluent mixes with
partially fermented wort [rom the first and;or
a following fermenting and maturing zone
which passes to the second, or next, fer-
menting and maiuring zone

27. A process as Claimed in Claim 26.
wherein a further stre am of diluent enters the
system of interconnccted zones at a point
at  which fc.mmntatuon is substantially
compieie.

28. A process as claimed in Claim 26 or
27, wherein said diluent is water or water
which contains a flavouring material of a
fermentable or non-fermentable nature.

29. A process as clumed in any of the
preceding Claims, wherein a  plurality of
fermenting and maturing zones are em-
ploved. and wherein the conditions in the
first, or at least the first, zone are controlled
i such manner that substantially all the
required wveast production takes place in
the first fermenting and maturing zone or
zones, and wherein the conditions in the
later fermentation zene or zongs are con-
trolled in such manner that substantially no
yeast production occurs therein.

30. A process as claimed in any of the
preceding Claims, wherein a serics of inter-
connected zones is employed, and a sub-
siantially cont?nuouq inflow of wort and
outflow of *beer™ is maintained with
respect to said series whilst intermittent flow
takes place between two or more zoncs of
said series.

A process as claimed in any of Claims

conditions are maintained in a substantially
equilibrium state in the, or each, fermenting
and maturing zone.

32. A process as claimed in Claim 31,
wherein the temperature of the, or each,
fermenting and maturing zone is maintained
substantially unvarying.

33. A process as claimed in Claim 31 or 32,
wherein the yeast concentration in the, or
each, fermenting and maturing zone is main-
tained substantially unvarying.

34. A process as claimead in any of Claims
31 to 33, wherein the degree of agitation in
the, or each. zone is maintained subsmntlall)
unvarying.

35. A process as claimed in any of Claims
31 1o 34, wherein a plurality of fermenting
and maturing zones are employed, and the
fermenting and maturing conditions are
maintained substantially identical from one
zone to the second or next.

36. A process as claimed in any of Claims
31 to 34, whercin a plurality of fermenting
and maturing zones are employed. and the
fermenting and maturing conditions difter
from onc zone to the second or next.

37. A process for the manufuacture of
*beer 7 comprising adding ** fresh wart ™,
or wort in which yeast propugation has been
caused to take place. to a termenting and
maturing vessel;  continuously fermenting
wort in said vessel: agitating the contents of
said vessel to cause rapid circulation thercof 100
(whereby yeast in said vessel is maintained in
suspension and the liquid in suid vessel is kept
substantially homogeneous and substantially
uniform in temperature); and drawing ofl
fermented wort from said vessel: the pro-
pagation of yeast in the fermenting wort being
such as to maintain in said vessel a concentra-
tion of suspended yeast suflicient to achieve
by the fermentation 2 Geutred reduction of
specific gravity of the wort; and the condi-
tions of fermentation and yeast propagation
being such that the ™ beer™ produced is a
“ matured beer ™. :

38. A process accerdiag lo Claim 37 in
which boih addition and withdrawal of wort
are continuous.

39. A process according to Claim 37 or
38, in which the wort added to said vessel
results from the mixing of ** fresh wort ™ with
recirculated yeasty * beer ™ 120

40. A modification of the process accord-
ing to any of Claims 37 to 39, in which
fermentation and maturing of the wort takes
place in two or more stages and;or in two or
mon parts, in a series or set of vessels in

ach of which continuous fermentation is
m::intaincd.

41. A process according to any preceding
Claim, in which the wort is prepared with a
specific gravity exceeding that required for 130
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making the finished “ beer 7, and is diluted
afier fermentation or afier onc or more
stages of fermentation.

42. Inaprocess according to any preceding

Claim, controllinz the rate of yeast propaga-
tion, by adjustment of conditions of fermen-
tation and maturing, so as to maintain said
rate substantially steady, at a level determined
by the nature of the ** fresh wort ™ and the
character required in the final ** beer ™.

43. In a proccss according to any of Claims
37 to 41, adjusting conditions of fermentation
and maturing, and the rate of any recircula-
tion of yeast or yeasty liquid, so as to main-
tain the yeast concentration uscd at each
stage of fermentation and maturing at a
level determined by the nature of the ** fresh
wort” and the character required in the
final * beer *.

44, In a process according to any of
Claims 37 to 41, so controlling the rate of
yeast propagation as to give a desired pH to
the final ** beer ™.

45. A process according to any of Ci: ins
37 to 44, in which the pH at which ferm; nta-
tion begins is controlled by controlling the
proportions in which ** fresh wort ™ is mixed
with material alrcady subject to fermentation,
and the pH of the final beer is controlled by
control¥ag the rate of ycast propagation.

46. A continuous process for the produc-
tion of “ beer ™ substantially as hereinbefore
particularly described with  reference to
Figure 1 of the accompanying drawings.

47. A continuous process for the produc-
tion of ** beer ™ substaatially as hercinbefore
particularly described  with  reference  to
Figure 2 of the accompanying drawings.

48. A coatinuous process for the produc-
tion of “ beer ” substantially as hercinbefore
particularly described  with  reference to
Figure 3 of the accompanying drawings.

49. A continuous process for the produc-
tion of ** beer ™ substantially as hercinbefore
particularly described  with  reference  to
Figure 4 of the accompanying drawings.

50. A continuous process for the produc-
tion of “ beer ™ substantially as hercinbefore
particularly described with reference to
Figure 5 of the accompanying drawings.

51. A continuous process for the produc-
tion of * beer 7 substantially as hereinbefore
particularly described  with  reference to
Figure 6 of thc accompanying drawings.

52. A continuous process for the produc-
tion of ** beer ™ substantially as hercinbefore
particularly described  with  reference  to
Figure 7. together with any ane of Ficures |
to 6, of the accompanying drawings,

53. Apparatus for the continuons produc-
tion of * beer ™ including at Ieast one fer-
mentation and matering vessel which s
provided with means for agitating the con-
tents thercof, wherein conduit means are
provided for the introduction of wort to be

drawal of * beer ™ from vessel, or from
the last of the vessels, and wherein means arc
provided for controlling the fermentation
and maturing conditions in the fermentation
and maturing vessel or vessels, including the
temperature, the degree of agitation and the
pH of the fermenting liquid so that the
* beer > produced is a ** matured beer .

54. Apparatus as claimed in Claim 353,
wherein at least one other treatment vessel is
adapted to separate the yeast from the
* beer .,

55. Apparatus as claimed in Claim 54,
wherein conduit means are provided for re-
cycling at least part of the separated yeast to
the fermentation and maturing vessel, or to
at least onc of the fermentation and maturing
vessels.

55~ Apparatus as claimed in any of Claims
53 ts 35, wherein two or more fermentation
and maturing vessels are connected to one
another in such manner that the fermenting
wort flows continuously through succceding
fermentation and maturing vessels,

57. Apparatus as claimed in Claim 56,
wherein at least one yeast separation vessel
is connected to the second or last fer mentation
and maturing vessel,

58. Apparzatus as claimed in any of Claims
53 to 57, wherein the, or each, fermentution
and maturing vessel is provided with a
mechanical stirrer.

59. Apparatus as claimed in Claim 58,
wherein said stirrer is constituted by a
propeller which is surrounded by an upright
shroud the gap between the bottom of the
shroud and the bottom of the vessel being
adjustable to throttle the flow of liquid which 103
enters the shroud at the bottom thereof, and
to cause the liquid 1o flow out of the shroud
at the upper end thereof.

" 60. Apparatus as claimed in any of Claims

53 to 54, wherein the, or each, fermentation 110
and maturing vessel is provided with gas-
venting means. _

61. Apparatus as claimed in any of Claims
53 to 60, wherein the conduit means for
introducing wort to be fermented and yeast 1
into the vessel, or into the first of the vesse's,
and for the withdrawal of * beer ™" from said
vessel, or from the last of the vessels, are
provided with valve means for controlling the
rate of introduction of wort and of yeast and 120
the rate of withdrawal of * beer ™, thereby
to control the conditions in the fermentation
and maturing vessel or vessels.

62. Apparatus as claimed in any of Claims
53 te 61, wherein a plurality of intercon- 125
nected treatment vessels arc employed and
heat-exchange means are provided in the
ﬂo§v circuit between the, or at least onc, pair
of interconnected treatment vessels to control
the temperature of the liquid flowing between 130
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aid vessels.

63. Apparatus for the continuous produc-
tion of ** beer ™ substantially as hereinbefore
particularly deseribed with reference to
Figure 1 of the accompanying drawings.

64. Apparatus for the continuous produc-
tio f. * beer " substantially as hereinbefore
pa.—.ularly described with reference to
Figure 2 of the accompanying drawings.

65. Apparatus for the continuous produc-
ticn of ** beer ™ substantially as hereinbefore
particularly described with refereénce to
Figure 3 of the accompanying drawings.

66. Apparatus for the continuous produc-
tion of * beer " substantially as hereinbefore
particularly described with reference to
Figure 4 of the accompanying drawings.

67. Apparatus for the continuous produc-
tion of * beer ” substantially as hercinbefore
particularly described with referen~e to
Figure 5 of the accompanying drawin_.

68. Apparatus for the continuous produc-
tion of ** beer ™ substantially as hercinbefore
particularly described with  reference to
Figure 6 of the uccompanying drawings.

69. Apparatus for the continuous produc-
tion of ** beer ™" substantially as hercinbefore
particularly described with reference to
Figure 7, together with any of Figures | to 6,
of the accompanying drawings.

70. ** Matured beer > when prepared by a
process as claimed in any of Claims 1 to 52
or by an apparatus as claimed in any of
Claims 53 to 69.
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