
984,473                                        5   is not begun until they
have settled in this baffles instead of a packed tower, but this
way.                                         would appear to involve more
complication                If, for reason of size, it is difficult to
insert  than the packed tower which our experiments              the
packing easily and quickly into the vessel  have demonstrated to be
effective.          5  after filling, two alternative ways of building
The packing material may consist of por-  70              up the cell count
are possible. In one way,  ous material, such as foam plastic, filamen-
the build-up of cell count may be carried out  tary material e.g. a spiral
wound metal or              in a closed vessel with the packing already in
plastic textile packing, or ceramic rings or              position. It will
then be necessary, before  other shapes; or it may consist of perforated
10  commencing continuous operation, to ensure  trays, designed so as to
hold a sedimented  75              the uniform dispersal of afin-organisms
over  deposit of the dense suspension of afm-              the entire
surface of the packing. Because the  organisms. packing is in place
already, this cannot be    The tower or trough itself may be made of
done by stirring, but other conventional means  glass; or of metal such as
aluminium or stain- of agitation may be employed, such for ex-  less steel;
or of industrial plastics or of ceramic  80              ample as bubbling
carbon dioxide vigorously  stoneware.              through the substrate.
Yet another way of    Our reasons for utilising packed towers for
filling an already packed vessel is to carry  our continuous process are as
follows:              out the initial build-up in a pre-fermenter    (a) It
is not practicable to stir the culture         20  vessel without packing,
to disperse the afm-  under running conditions in order to main-  85
organisms throughout the substrate in this  tain uniform distribution of
afm-organisms in              vessel by stirring or similar agitation, and
suspension in the substrate because the rate of              thereafter,
before the afm-organisms have had  proliferation of the afm-organsms is
much too              time to settle, to transfer the contents from   slow
to maintain the required population den-          25  the pre-fermenter
vessel into the packed fer-  sity in a stirred culture during any commer-
90              menter vessel where the afm-organisms are   cially useful
flow rate. In fact there is only              allowed to settle over the
whole surface of  negligible proliferation when acidification is
the packing, before continuous fermentation is  at its maximum and with an
un-packed stirred              started.
vessel system the afm-organisms would rap-          30    In general we
prefer to use a normal hop  idly disappear in the effluent so that density
95              content, in the order of 5 to 6 grams per litre  would be
lost.              in the substrate used for the inoculum, and    (b) In a
discontinuously operated vessel              a low hop content in the order
of 1 to 2  with no packing and no stirring, the sedi-              grams
per litre in the substrate used during  menting afm-organisms tend to
collect in the          35  continuous operation.
base of the vessel as a sludge. In this way  100                The
invention also includes the acid de-  they are removed from efficient
contact with              veloped beer which is the product of such  the
substrate, being no longer in averagely              continuous auxiliary
fermentation, and which  uniform dispersion throughout the vessel.
being unpalatable by normal standards, is a    (c) In a packed tower or
trough with ade-          40  specific additive product intended to be
blen-  quately distributed horizontal surfaces to the  105 ded with normal
top fermentation beer to  packing, the difficulties of (a) and (b) can be
produce blended developed beer.              overcome. The afm-organisms
will sediment   Furthermore, the invention includes blen-  sufficiently so
as not to be depleted seriously              ded developed beer produced by
blending  by loss in the effluent substrate, but they will          45
acid developed beer made by the continuous  be maintained in efficient
contact with the  110 auxiliary fermentation process of this inven-  bulk
of the substrate by means of the packing              tion with normal top
fermentation beer that  which is submerged in the substrate. 



has been produced either by the traditional    Our process differs from
other normal usa-              batch processing methods or by the more re-
ges of packed towers for fermentation in one         50  cent methods
involving at least some stages  particular respect, namely the function of
the  115              which are continuous or semi-continuous pro-
packing. For example, packed towers have              cesses.
been used under aerobic conditions for the                 The continuous
auxiliary fermentation of  production of acetic acid. In that case the
our process may be carried out in one or in  object is both to effect
adequate contact bet-          55  a group or series of packed towers, in
which a  ween the micro-organisms and the substrate, 120              dense
suspension of the afm-organisms is held  and also to give adequate contact
with oxygen.              in- -averagely uniform  dispersion throughout  By
contrast, in our process, a high level of              the tower by the
packing material.           substrate is maintained in the vessel; the
pack-                 A quasi-counterflow system is involved, in  ing is
submerged under the substrate and the          60 other words since the
species of afm-organ-  process is operated under minimally aerobic  125
isms employed normally tend to sink, the sub-  conditions. The packing is
thus used only to              strate is introduced into the base of the
vessel  provide a well distributed surface on which              and
overflows out of the top. In some cir-  the afm-organisms can sediment, so
that ade-              cumstances, a horizontal flow might be em-  quate
and reasonable dispersion throughout          65  ployed utilising a packed
trough with vertical  the substrate in the vessel is achieved at all 130
6                                          984,473     times during the
process.                       coarse acidity test) because the product is
so         We have found that that  process control may   acid that a
tasting test is of virtually no value.     be exercised by adjustment,
either separately  It is only when the product is blended with     or in
combination, of the following seven con-  normal top fermentation beer
that it becomes     trol factors viz: rate of throughput of sub-  possible
to carry out a comparative flavour  70     strate, operating temperature of
substrate in  test of the resulting blended developed beer     the vessel,
pH  of incoming substrate, nitro-   with the flavour of naturally
developed. Thus                  gen content of incoming substrate, degree
of  inevitably, some degree of experiment is re-      attenuation  of
incoming  substrate, original  quired for fine control of the process, but
in 10  gravity  of incoming substrate and  oxygen   any case, no precise
details can be laid down 75      content of incoming substrate.
because every  manufacturer's beer  differs        It is not possible to
state with exactitude   from one brewery to another, and indeed may
how each of these factors affects the final com-  well differ slightly from
one batch to another.      position  of the acid  developed  beer, but
At the present time our work on this pro-      15  broadly speaking they
have the  following   cess has developed beyond the stage of labora-  80
effects:-                           tory scale experiments to the stage
where a        (a) Decrease in the rate of throughput of  pilot plant has
recently commenced opera-      substrate results in a greater "dwell time"
of  tion.      substrate in the vessel (and vice versa) and      In the
following description, the general 20  hence such variation adjusts the
time avail-   account of the process and apparatus is based      able for
acidification and (other things being upon the existing pilot plant.
dification and (other things being   upon the  existing plant. However,
some      unchanged) the acidity of the product.              of the
detailed  information  regarding  the        (b) Increase in temperature in
general in-    operation of the process is based upon our      creases the
rate of fermentation and the ulti-  earlier experiments on a laboratory
scale. 25  mate acidity (and vice versa) the upper limit  since these have
extended over a longer per-   90      of temperature being the thermal
death point       iod than the pilot plant has been in operation 



of the afm organisms.                and afford our best available figures
of long         (c) Increase in the pH of the incoming sub-     term
effects.      strate increases the rate of fermentation and     The
experimental work carried out on a      30 the ultimate acidity of the
product (and vice   laboratory scale, involved a production rate  95
versa).                                       of acid developed beer
varying from  500         (d) Increase in the nitrogen content of the
millilitres to 10 litres per day,using one or      incoming  substrate
increases  the  ultimate  more fermenting vessels of capacity  from 1
acidity and fermentation rate (and vice versa),  litre to 50 litres
respectively.  35    (e)The lower the degree of attenuation of        For
pilot plant purposes we have used   100      the normal top fermentation
beer forming the  vessels having a capacity varying from  450
substrate, the more  carbohydrate  will be  litres to 9,000 litres, and a
production rate of      available in the substrate for the lactic fer-
acid developed beer varying from 65 litres      mentation of this
invention. Moreover, for  to .1400 litres per day.  40  any given degree of
attenuation of the sub-        For commercial purposes, assuming, for   105
strate, the higher the original specific gravity  example, that there is an
output of 100       of the wort from which the top fermentation   barrels
(totalling  16,364 litres) per day of       beer forming that substrate for
this process    normal beer and a blend of one part of acid         was
made, the more carbohydrate will be                        developed beer
with ten parts of normal beer,  45  available for lactic fermentation as
compared  this will require a parallel out of approxi-  110       with
worts of lower original specific gravity.  mately 1,63 6  litres per day of
acid developed         (f) Control of the amount of oxygen in the beer to
produce an aggregate output of 18,000       incoming  substrate may be
required to  a  litres of blended developed beer. It is there-
minor  degree when the process is running   fore estimated that a single
vessel having a  50  steadly  as is one means of adjusting the   capacity
of approximately 9,000 litres and a 115.       very slow proliferation rate
of the organisms   daily output of 1640 litres of acid developed       in
acid substrate to replace organisms which   beer would be required, giving
a  daily       are. slowly washed out in the effluent.        throughput of
approximately one-fifth the         It will be apparent to those accustomed
to  total vessel capacity.  55  operating continuous processes of ferments-
The description which first allows is that       tion that interaction will
occur between the   of- our recently introduced pilot plant which
above mentioned control factors. The full   is diagrammatically illustrated
in the accom-       effects of these controls have not yet been   panying
drawing.             investigated sufficiently to give precise details   60
of the flavour changes which result from each  Equipment         of them
although their general effect is un-          Referring to the drawing,
substrate is fed  125       derstood. It will be appreciated that changes
from  a main source (not shown) among the       in the composition of the
acid - developed beer  pipeline 1 by means of the pump 2 through
which have an effect on flavour cannot be   a conventional Pasteuriser 3 to
a storage   65  immediately  assessed (except by the very  vessel 4 having
a capacity of approximately 100
984,473                                        .7        kilolitres. From
the storage vessel 4, the sub-  bacillus (principally  Lactobacillus
pastor-  65        strate is fed by means of the pump 5 along  ianus),
Pediococcus, Acetobacter and Brett-        the pipe 6 into the header
vessel 7, which is  anomyces and may possibly contain also Toru-
maintained at a constant level by means of  lopsis and Candida. In addition
to the afm-     5  the overflow pipe 7a, which feeds back into  organisms,
a certain quantity of Saccharomy-        the vessel 4. The header vessel
has a capacity  ces will inevitably be present in culture ob-  70 



of 3 kilolitres. Substrate under a constant  tained from  old vats, but
this organism        head of gravity is fed from the header vessel  does
not participate noticeably in the produc-        7 along the pipe 8 into
the acidification tower  tion of acid developed beer by our process.    10
9 which, in operation, is filled with packing    Alternatively where it is
desired to employ        (not shown) and is operated under constant  a
controlled laboratory culture, Lactobacillus  75        volume conditions.
The capacity of the acidi-  pastorianus may be used by itself or in con-
fication tower is 9 kilolitres. The packing  junction with selected species
of Brettano-        occupies substantially the full depth of the  myces.
15  substrate in the vessel, the surface of the        liquid being
illustrated by the dotted line in  Substrate        the vessel 9. The
product (acid developed    The substrate employed is pasteurised stout  80
beer) overflows from the vessel 9 through the  having an original gravity
of 1073 and a low        pipe 10, controlled by the cock 11, along the  hop
rate i.e. a hop content of about 1.0 gram    20  branch pipes 10a, 10b into
the storage vessels  per litre. The pH of the substrate was app-         12
and 13 which are provided on each side  roximately 4.2.         with cocks
12a, 12b, 13a, 13b, so that either         may be used alternately. The
capacity of the  Initiation                                    85
storage vessels is 7.5 kilolitres each. From the    Three methods of
initiating the process    25  vessels 12 and 13 the super-developed beer
will now be described, the first being our        flows through branch
pipes 12c, 13c and  preferred method.        along pipe 14 through a pump
15 and a Pas-    To start the process it is necessary to fill
teuriser 16 to a main storage vat (not shown)  the vessel 9 with substrate
having a dispersion  90        for super-developed beer.
of afm-organisms at high density. To do this,    30    For the purpose of
controlling the flow to  a gradual cyclic build-up is carried out as
the system, further pipework, cocks and flow  follows:        control means
may be introduced as required    A quantity of strong inoculum amounting
in conventional manner. Moreover, for the  to 280 litres of normal hop rate
beer (i.e.  95        purpose of drawing off sediment from  the  beer
having a hop content of about 5.5 grams    35  base of the acidifying tower
9 a draw-off pipe  per litre) containing afm-organisms having        9a is
provided controlled by a cock 9b. The  a culture count of from Lbp 5 x
10[err] to Lbp        dimensions of the tower 9 which is cylindrical  10 x
10[err] cells per millilitre, is inserted into        and is made of
stainless steel are approxi-  the vessel 9. An equal amount of low hop  100
mately 4 metres high and 2 metres diameter.  rate beer (i.e. beer having a
hop content of    40  For the purpose of sampling, draw-off cocks  about 1
gram  per litre) is at once added,        are provided in pairs at 9c, 9d,
9e and 9f at  bringing the content of the vessel up to 560        varying
heights up the tower.                 litres. This addition reduces the
culture count          The tower is packed with flat discs stacked  to
about Lbp 3.5 x 10[err] cells per millitre. The  105        on a central
column at close intervals, the  vessel is then maintained under anaerobic
45  discs being made of stainless steel and having  conditions and the
contents are allowed to        perforations approximately 2 cm. diameter
stand until the culture count (determined by        and 7.5 cm. centre to
centre distance. There  periodic sampling) has risen to above opera- are
upstanding rims around the perforations  tional density, i.e. to something
in the order 110        extending upwards for a height of about 3  of Lbp
16 x 10[err] cells per millitre. A further   50  mm. which serve to assist
in the accumula-  equal amount of low hop rate beer is again        tion of
deposit of the afm-organisms. The  added, bringing the contents of the
vessel up        vertical spacing between the perforated plates  to 1120
litres, and reducing the culture count        is approximately 4 cm.
once again. The contents of the vessel are  115        The tower is
provided with a temperature  allowed to stand once more, until the culture
55  control in the form  of an external water  count has risen to above
operational density,       jacket shown diagrammatically as 18 having  and
a further addition of 1120 litres is made,       inlet and outlet
connections 19 and 20 for the  thus bringing the contents of the vessel up
to       circulation of water for the purposes of  2.24 kilolitres. The
cycle is again repeated  120       temperature control of the reaction.
with an addition of 2.24 kilolitres binging the 



contents of the vessel up to 4.48 kilolitres.    60  Culture
The cycle is then finally completed again with          The culture
employed in the pilot plant  the addition of 4.52 kilolitres, thus complet-
may either be derived from old vats used in the  ing the filling of the
vessel to its operating  125        batch process, in which case it will
comprise  capacity of 9 kilolitres and again lowering        afm-organisms
containing species of Lacto-  the culture count. The contents of the vessel
8                                    984,473      are once more allowed to
stand until the cul-  stirred or otherwise made turbulent to dis-      ture
count has risen to operational density,  perse the afm-organisms
substantially uni-      i.e. to somewhere between Lbp 5 x 10[err] to
formly throughout the substrate. Immediately      Lbp 7 x 10[err] cells per
millilitre. The vessel is  thereafter, the contents of the pre-fermenter
5  then ready for filling with packing.          vessel may be introduced
into the fermenter  70        The basic inoculum may be kept in normal
vessel 9 into which packing has already been      hop rate beer, so that
the relatively high con-  inserted.      tent of hops provides rather
stringent living   The second method is to build up the      conditions for
the afm-organisms. However,  necessary quantity of substrate and afm-  10
in order to speed up the proliferation of the  organisms  in the fermenter
vessel 9 with the  75      organisms during the starting up period, the
packing in position, and then to induce tur-      added substrate is a low
hop rate beer.     bulence as by bubbling carbon dioxide vigor-      We
have found that the time interval bet-  ously through the vessel, before
starting con-      ween successive additions of substrate during  tinuous
operation.  15 the initiation period, varies between 24 and      48 hours.
Continuous Operation.                         80        Once the vessel has
been filled to capacity    Substrate in the form  of normal top fer-
with substrate and afm-organisms at opera-  mentation beer is then fed into
the vessel 9.      tional density, the packing can be inserted. In  We
prefer to use a low hop rate beer having  20 order to ensure that as far as
is possible, the a hop content in the order of 1 gram per litre
afm-organisms shall be uniformly distributed  and an original specific
gravity in the order  85      throughout the whole surface of the packing,
of 1073. To prevent undesirable infection,      it is desirable to agitate
the substrate vigor-  the substrate is fed through the pipe 1 by the
ously before the packing is actually inserted,  pump 2 into the Pasteuriser
3 and thence into 25  This may be done mechanically or alterna-  the
storage vessel 4. It is then pumped by the      tively turbulence may be
induced throughout  pump 5 through the pipeline 6 into the  90      the
contents of the vessel by injecting a suit-  header vessel 7 where a
constant head is pro-      able inert gas preferably carbon dioxide into
vided due to the overflow pipe 7a.      the base of the vessel so as to
rouse the con-    From  the header vessel 7 substrate flows 30  tents
thoroughly. Injection equipment of this  through the pipe 8 into the base
of the acidi-      nature is conventional and has not been illus-   fying
vessel 9 where acidification takes place.  95      trated.
Acid developed beer flows out from  the        As soon as the desired
dispersion of afm-  vessel 9 through the pipe 10 into one or both
organisms has been achieved throughout the  of the storage vessels 12 and
13 and thence 35  substrate, the cover of the vessel is removed,  is drawn
through the pipes 12c, 13c and the      and the packing in the form of a
column of  pipe 14, and is pumped by the pump 15  100      stacked discs is
inserted. The cover is then  through a further Pasteuriser 16 from which
replaced and the free space in the vat above  it is delivered through a
pipe 17 into a main      the liquid is filled with carbon dioxide or
storage vessel for acid developed beer (not 



40  other inert gas by injecting the gas into the  shown).     contents of
the vessel and venting the free    There appear to be a number of available
105     space until anaerobic conditions are estab-  adjustments to the
several control factors     hished.
which will affect the acidity of the product        After insertion of
packing, the vessel is  as well as its general character (and hence 45
allowed to stand for several days until the  flavour of the blended
developed beer pro-     acidity of the contents has reached a level  duced
when the product is mixed with normal 110     somewhat below that required
in the product.  top fermentation beer). The exact extent to     For
example, where a final acidity within the  which the various controls
operate indepen-     range 0.3%  to 0.6%  is required the vessel  dently is
difficult to determine but the main 50  will be allowed to stand until an
acidity  effect appears to be variation in the acidity     between 0.27%
and 0.33% has been reached.  of the acid developed beer.
115       The vessel is then ready for continuous    The throughput time
can be varied within     operation.                                   quite
wide limits for example, from a daily       In the case where for reasons
of size or for  throughput equalling the capacity of the 55  any other
reason, it is impossible to insert  vessel (9 kilolitres) giving a contact
time of     the packing after the vessel has been filled  one day between
the substrate and the afm-  120     with substrate, either of the following
meth-  organisms, to a daily throughput of- 0.9 kilo-     ods may be
employed to achieve the initial  litres giving a contact time of 10 days.
In     substantially uniform dispersion of the afm-  general, the longer
the contact time, the 60  organisms over the surface of the packing.
greater the acidity of the product. We prefer       In one method the
required quantity of  to operate with a contact time varyng from    125
substrate may be built up in a separate pre-  3 to 8 days.     fermenter
vessel until it equals the capacity   The operating temperature of the
reaction     of the fermenting vessel. The contents of the  in the vessel 9
may also be controlled up to 65  pre-fermenter vessel may then be
vigorously  a maximum temperature which is below the
984,473                                        9 thermal death point of the
afm-organisms.  Culture                                         65
The widest range of operating temperature    Two sources of afm-organisms
were used         is from 60[err]F to 85[err]F, the preferred range  in the
experiments.         being from 70[err] to 80[err]. In general the pilot
(i) The  mixed  flora  derived  from   old     5  plant has been operated
at 75[err]F.          vats used in the batch development process,
Additional control over the product can be  and containing species of
Lactobacillus (prin-  70         exercised by controlling the nature of the
cipally Lactobacillus pastorianus), Pedioco-         incoming substrate,
although the full effects  ccus, Acetobacter and Brettanomyces, together
of this control have not yet been investigated  with Saccharomyces.     10
sufficiently to give precise details of the re-  (ii) A  mixture  of
laboratory  culture of         sults obtained by individual variation. How-
Lactobacillus pastorianus, and several differ-  75         ever, it is
believed that alteration of the pH   ent Brettanomyces cultures.         of
the incoming substrate, its nitrogen content         and its oxygen content
may all prove effective  Substrate     15 in producing changes in the
composition of    The variety of normal top fermentation         the acid
developed beer which have an effect  beer used as substrate was Pasteurised
stout         on the flavour of the blended developed beer,  with an
original specific gravity of 1073 and  80         although the acid
developed beer is so acid  with a hop rate of 1.0 gram per litre. While 



that such changes in composition cannot  retaining its flavour character as
beer it had     20  readily be detected by tasting it, and can  been brewed
to have a comparatively low         only be judged by assessing the flavour
of the  stability in relation to the acidifying organ-         blended
developed beer after final blending.  isms used (e.g. high pH and high
buffering  85         Additionally the degree of attenuation of the  power
and low hop rate).         incoming substrate and its original specific
25  gravity appear also to have some influence on  Initiation         the
ultimate flavour of the acid developed    At the start of the process the
towers con-         beer, and hence the flavour of the blended  tained no
packing. 1 litre of strong culture         developed beer which is the
ultimate end  (e.g. a dispersion of afm-organisms in sub-  90
product.                                     strate with a count of from
Lbp 5 x 10[err] to     30    In order to produce a blended developed  Lbp
10 x 10[err] per millilitre) was inserted and         beer having a flavour
comparable with that  enough substrate added to dilute the count         of
normally developed beer, we have found  to approximately Lbp 5 x 10[err]
cells per milli-         that a blend comprising one part of acid  litre.
The culture was maintained under an at-  95         developed beer with
from 8 to 12 parts of  mosphere of carbon dioxide to minimise aceti-     35
normal top fermentation beer is satisfactory.  fication by aerobic
bacteria. Nitrogen orother         Obviously the degree of blending will
vary  inert gas would have served equally well but         with the nature
and flavour of the required  carbon dioxide is a convenient by-product
read-         end product.                                 ily available in
a Brewery. At intervals of 24  100            Further information regarding
our process  hours the culture count was determined (using     40  is
obtainable from  the following details of  haemocytometer slides) and
sufficient sub-         experimental work which, prior to the setting
strate was added to bring the count back to         up of the pilot plant
described above, was  Lbp 5 x 10[err] cells per millilitre. In this manner
carried out over a period of some ten months.  the vessel was filled in
about a week.  105
The packing was now inserted and the         Equipment
vessel allowed to stand until the acidity     45    The experimental
results reported  here  reached a level somewhat below that required
were obtained using aluminium  towers 200  in the product. This required
about 3 days          cm. tall x 18 cm. diameter. Substrate consist-  to 1
week. Further normal top fermentation  110          ing of normal top
fermentation beer was fed  beer was then passed through the vessel at
from  an overhead tank, and entered the  a rate determined by the acidity
and output     50 towers at the bottom leaving at the top. For  required.
experimental purposes the towers were filled          with a variety of
packing materials:       Continuous Operation            (a) Foam plastic
25 mm. thick (polyure-    Substrate in the form of normal top fer- 115
thane) supported on aluminium  discs  mentation beer enters at the bottom
of each                mounted in a column at vertical inter-  tower and
leaves as acid developed beer at                vals of 10 cm. and
perforated with a  the top. The system is reasonably flexible as
number of 25 mm. holes to allow free  regards rate of throughput and
acidity of the                flow of substrate;
product. The rate of production of acid falls  120            (b) aluminium
discs as in (a) with various  off as the acidity rises, and therefore the
60        spacings and omitting the foam plas-  operation  of the vessels
will depend on                tic;
whether one desires the maximum  level of            (c) 16 mm. ceramic
Raschig rings.        acidity or the maximum output of acid. With
The towers were maintained at a uniform  the beer and cultures described
above the  125          temperature of 75[err]F.
maximum  acidity produced  was approxi-       



10                                      984,473     mately 0.65%  and could
be attained in 4 to    (b) A packed vessel of 63 litres capacity     6
days.                                            produces an acidity of up
to 0.60%   30       One can alter the flow rate within wide          with a
daily output of 9 litres when in     limits without adversely affecting the
tower,     equilibrium. Such a vessel was still 5  the only effect being on
the acidity of the        producing acid developed beer at this
product. Thus the contact time can be varied       rate after 8 months
operation, during     from 1 day to 10 days without any perma-
which 2250 litres of substrate had been  35     nent effect on the
efficiency of the tower.        acidified.     Arrangement of Towers
Nature of Culture 10    The bulk output is determined by the size    The
process can be successfully carried out     and number of towers. Provided
the flow   with pure cultures maintained in the labora-     rate is
optimal, it appears that arrangement  tory. To demonstrate this point,
comparative  40     of the towers in series or in parallel produces tests
were carried out using:-     only a slight variation on the rate of
acidifi-    (a) the natural flora of old acid vats (i.e. 15  cation.
However, there are two good reasons      vats which had contained acid
devel-     for preferring an arrangement in parallel:         oped beer),
and     (i) It provides for a  slower flow  rate   (b) laboratory cultures.
45     through each tower and therefore less dis-    The results were as
follows:     turbance of the sediment.                      (a) Acidity
produced in ceramic packed 20  (ii) When the towers are operated inde-
tower @ 10 litres per day using acid     pendently, a fault arising in one
tower will     vat flora = 0.56%     cause less hold-up of production.
(b) Acidity produced in ceramic packed  50       The necessity to use
packing is demon-          tower @  10 litres per day using lab-
strated by the following details:                  oratory cultures =
0.58% 25    (a) A stirred unpacked vessel of 63 litres          capacity
would produce an acidity of  Starting up of Tower          0.37%  with a
daily output of 3 litres   The following table shows the details of
when in equilibrium.                  initiation of the process.
55                                                984,473
11         The headings in the table will have the following meanings:-
Days      =  days from start  Volume   =  volume in litres   Count    =
culture count in Lbp cellsx 10[err] per millilitre  Addition  =  volume of
normal top fermentation beer added in litres  Acidity   =  acidity of
product as percentage acetic acid (grams per 100 millilitres)
2 litres of culture containing Lactobacillus pastorianus 7x10[err] per
millilitre                 inserted in vessel (63 litre) without packing
Before addition                       After addition 



Days                               Addition
Acidity                 Volume      Count                     Volume
Count                              Lbp
Lbp          0           2          7             0            2          7
1           2         16             4            6          4.7        2
6          9.5           6           12          5.1         -        3
12          8.8          10           22          4.0         -         4
22          9.5          15           37          5.3          -        5
37         11.5           8           45          7.2         -
Ceramic packing inserted and vessel let rest for 3 days         8
0.319                      From this date on, 10 litres per day passed
through each                      tower.
0.345         27
0.428         33
0.540     50     0.571       The above figures show that the acidity of
Control   the product increased with time, even though    The output
acidity is mainly controlled by   10 litres were being drawn off each day.
varying the rate of flow, the acidity level  10   Thus, between  days  10
and  27, 170  rising as rate of throughput is reduced. This 5  litres were
drawn off, during which time  is indicated by the following figures:
acidity of the product drawn off, increased    from 0.345% to 0.428%.
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Acidification in 63 litre packed towers
Output per day               Acidity                                  20
litres                     0.42                                 10 litres
0.53   



In an experiment using three 1 litre vessels   were obtained, and serve to
illustrate the same     in series and a more highly hopped normal  point:
5     top fermentation beer the following figures
Output per day               Acidity                                   400
millilitre                0280                                  600
millilitre                0250                                  1000
millilitre               0.220       Packings
ials and operated to produce 10 litres of       63 litre vessels packed
with various mater-   acid developed beer per day:
Packing Material                Acidity of
product                             Foam plastic discs                0.53
Ceramic raschig rings             0.58                             Metal
discs 4 cm. spacing         0.47                             Metal discs 10
cm. spacing.       0.44                         (These results were
recorded when the vessels had all                        been at least 5
weeks in production).  10  Arrangement of vessels                        is
not very significant, the determining factor  15       An experiment was
carried out to deter-  being only the time of contact.  As mentioned
mine  if  the  arrangement of vessels  in  elsewhere, however, an
arrangement in a num-     series or in parallel affected the efficiency.
ber of parallel units offers certain practical     The following results
indicate that the effect  advantages.                         63 litre
capacity vessels packed with foam plastic discs.               No. of
vessels.                Producing                   Acidity of
product                1                   10 litres per day
0.436                2 in series          10 litres per vessel per day
0.472                3 in series          10 litres per vessel per day
0.438     



984,473                                       13     Ageing of Culture
auxiliary fermentation substantially without        The towers increase in
efficiency with age  turbulence and at a slow rate.           65     and
were found to continue to operate very    2. A continuous induced
development pro-     satisfactorily after 8 months continuous use.  cess
for the production of acid developed beer  5  Efforts to freshen the
cultures at intervals  by lactic fermentation in a closed packed     only
produced an adverse effect. This reflects  vessel adapted to operate under
conditions of     the fact that each section of the tower oper-  constant
capacity and variable throughflow, 70     ates with maximum  efficiency
after being  utilising as inoculum afm-organisms selected     acclimiatised
to its own acidity level.    from  the group  comprising Lactobacillus,
Brettanomyces,  Pediococcus,  Acetobacter, 10 Acetification
Torulopsis and Candida, Lactobacillus being        The relative merits of
lactic and acetic  the predominant organism, and utilising nor-  75
acid in the production of matured flavour are  mal top fermentation beer as
substrate, which     not at present fully understood by us. Addi-  includes
the steps of initiating the process so     tional acidity in the form of
acetic acid can  as to provide a substantially uniform disper- 15  be added
by the use of a simple acetifying  sion and dense population of
afm-organisms     tower. In this way the total acidity can be  throughout
the substrate and thereafter oper-  80     raised to 1.5%  without reducing
the rate of  ating the process by maintaining the disper-     output.
sion and density of the afm-organisms; main-       It is to be understood
that the definitions  taining minimally aerobic conditions within 20  of
the expressions:                           the vessel; maintaining the
contents of the        "beer"                                     vessel at
a temperature below the thermal  85        "normal beer" and "normal top
fermenta-  death point of the afm-organisms, and pass-          tion beer"
ing substrate through the vessel under con-       "naturally developed
beer"                 ditions of auxiliary fermentation substantially 25
"acid developed beer"                       without turbulence and at a
slow rate.       "blended developed beer"                     3. A
continuous induced development pro-  90       "attenuation limit"
cess according to Claim 1 or 2, in which Lac-       "main fermentation"
tobacillus is the only afm-organism partici-       "auxiliary fermentation"
pating in the auxiliary fermentation. 30    "development"
4. A continuous induced development pro-       "natural development"
cess according to Claim 2, in which Lacto-  95       "induced development"
bacillus and Brettanomyces are the only two,       "afm-organisms"
or the predominant two afm-organisms par-       "dense population of
afm-organisms"      ticipating in the auxiliary fermentation. 35
"operational density"                         5. A continuous induced
development pro-       "Lbp."                                     cess
according to any of the preceding claims  100       "maintaining minimally
aerobic conditions  in which the species of Lactobacillus is Lacto-
in the vessel"                           bacillus pastorianus.       "a
slow rate"                                6. A continuous induced
development pro- 40  which are set forth in the foregoing Specifi-  cess
according to any of the preceding Claims     cation, apply equally to any
of the defined  1 to 5, wherein the substrate employed dur- 105
expressions which are used in the following  ing continuous operation is a
normal top     Claims.                                      fermentation
beer having a hop content of
less than 2 grams per litre. 



WHAT WE CLAIM IS:-                           7. A method of initiating in a
fermenter 45    1. A continuous induced development pro-  vessel a
continuous induced development pro- 110     cess for the production of acid
developed  cess according to any of the preceding Claims,     beer by
lactic fermentation, which includes  which includes the steps of providing
a closed     the steps of providing a closed packed vessel  unpacked
vessel; inserting into the vessel a     adapted to operate under conditions
of con-  small quantity of inoculum  comprising a 50  stant capacity  and
variable  throughflow;  strong culture of afm-organisms with normal 115
maintaining the vessel filled to capacity with  top fermentation beer as
substrate and a cell     normal top fermentation beer to form  sub-  count
within the range Lb 5 x 10[err] to Lb 7 x     strate and with a dense
population of afm-  106 cells per millilitre; adding substrate to
organisms, in which Lactobacillus is predo-  reduce the culture count;
establishing mini- 55  minant, dispersed substantially uniformly over
mally aerobic conditions in the vessel; allow- 120     the surface of the
packing and hence through-  ing the contents of the vessel to stand until
out the substrate; maintaining the dispersion  the culture count has
increased substantially;     and density of the afm-organisms; maintain-
again adding substrate to reduce the culture     ing minimally aerobic
conditions within the  count and repeating the cycle of substrate 60
vessel; maintaining the contents of the vessel  addition and culture
proliferation until the  125     at a temperature below  the thermal death
level of the substrate in the vessel has reached     point of the
afm-organisms, and passing sub-  predetermined  operating  capacity;
stirring     strate through the vessel under conditions of  the contents of
the vessel to achieve substan-
.984,473                                      13          Ageing of Culture
auxiliary fermentation substantially without           The towers increase
in efficiency with age  turbulence and at a slow rate.          65
and were found to continue to operate very    2. A continuous induced
development pro-         satisfactorily after 8 months continuous use.
cess for the production of acid developed beer     5  Efforts to freshen
the cultures at intervals  by lactic fermentation in a closed packed
only produced an adverse effect. This reflects  vessel adapted to operate
under conditions of         the fact that each section of the tower oper-
constant capacity and variable throughflow, 70         ates with maximum
efficiency after being  utilising as inoculum afm-organisms selected
acclimatised to its own acidity level.     from  the group  comprising
Lactobacillus,
Brettanomyces,  Pediococcus,  Acetobacter,     10 Acetification
Torulopsis and Candida, Lactobacillus being           The relative merits
of lactic and acetic  the predominant organism, and utilising nor-  75
acid in the production of matured flavour are  mal top fermentation beer as
substrate, which         not at present fully understood by us. Addi-
includes the steps of initiating the process so         tional acidity in
the form of acetic acid can  as to provide a substantially uniform disper-
15  be added by the use of a simple acetifying  sion and dense population
of afm-organisms         tower. In this way the total acidity can be
throughout the substrate and thereafter oper-  80         raised to 1.5%
without reducing the rate of  ating the process by maintaining the disper-
output.                                      sion and density of the
afm-organisms; main-           It is to be understood that the definitions
taining minimally aerobic conditions within    20  of the expressions:
the vessel; maintaining the contents of the           "beer"
vessel at a temperature below the thermal  85           "normal beer" and
"normal top fermenta-  death point of the afm-organisms, and pass- 



tion beer"                               ing substrate through the vessel
under con-           "naturally developed beer"                 ditions of
auxiliary fermentation substantially    25    "acid developed beer"
without turbulence and at a slow rate.           "blended developed beer"
3. A continuous induced development pro-  90           "attenuation limit"
cess according to Claim 1 or 2, in which Lac-           "main fermentation"
tobacillus is the only afm-organism partici-           "auxiliary
fermentation"                   pating in the auxiliary fermentation.    30
"development"                                 4. A continuous induced
development pro-           "natural development"                      cess
according to Claim 2, in which Lacto-  95           "induced development"
bacillus and Brettanomyces are the only two,           "afm-organisms"
or the predominant two afm-organisms par-           "dense population of
afm-organisms"      ticipating in the auxiliary fermentation.    35
"operational density"                         5. A continuous induced
development pro-           "Lbp."                                    cess
according to any of the preceding claims  100           "maintaining
minimally aerobic conditions  in which the species of Lactobacillus is
Lacto-             in the vessel"                           bacillus
pastorianus.           "a slow rate"                                6. A
continuous induced development pro-    40  which are set forth in the
foregoing Specifi-  cess according to any of the preceding Claims
cation, apply equally to any of the defined  1 to 5, wherein the substrate
employed dur-  105         expressions which are used in the following  ing
continuous operation is a normal top         Claims.
fermentation beer having a hop content of
less than 2 grams per litre.          WHAT WE CLAIM IS:-
7. A method of initiating in a fermenter    45    1..A continuous induced
development pro-  vessel a continuous induced development pro-  110 cess
for the production of acid developed  cess according to any of the
preceding Claims,        beer by lactic fermentation, which includes  which
includes the steps of providing a closed   the steps of providing a closed
packed vessel  unpacked vessel; inserting into the vessel a        adapted
to operate under conditions of con-  small quantity of inoculum  comprising
a    50  stant capacity  and  variable  throughflow;  strong culture of
afm-organisms with normal 115        maintaining the vessel filled to
capacity with  top fermentation beer as substrate and a cell        normal
top fermentation beer to form sub-  count within the range Lb 5 x 10[err]
to Lb 7 x        strate and with a dense population of afm-  10[err] cells
per millilitre; adding substrate to        organisms, in which
Lactobacillus is predo-  reduce the culture count; establishing mini-    55
minant; dispersed substantially uniformly over  mally aerobic conditions in
the vessel; allow- 120        the surface of the packing and hence through-
ing the contents of the vessel to stand until        out the substrate;
maintaining the dispersion  the culture count has increased substantially;
and density of the afm-organisms; maintain-  again adding substrate to
reduce the culture        ing minimally aerobic conditions within the
count and repeating the cycle of. substrate    60  vessel; maintaining the
contents of the vessel  addition and culture proliferation until the 125
at a temperature below the thermal death  level of the substrate in the
vessel has reached        point of the afm-organisms, and passing sub-
predetermined  operating  capacity; stirring        strate through the
vessel under conditions of  the contents of the vessel to achieve substan-
14                                      984,473
/            tially uniform  dispersal of afm-organisms  merged in
substrate; allowing the contents of            throughout the substrate;
inserting packing  the packed fermenter vessel to stand until the
into the vessel to a depth approximating to  afm-organisms have settled
over substantially 



the depth of the substrate; allowing the con-  the whole surface of the
packing, establishing        5  tents of the packed vessel to stand until
the  minimally aerobic conditions in the fermenter  70
afm-organisms have settled over substantially  vessel and thereafter
passing substrate through            the whole surface of the packing;
re-establish-  the fermenter vessel.            ing  minimally  aerobic
conditions in the    10. A method according to any of the pre-
vessel and thereafter passing substrate through  ceding Claims 7, 8 or 9 of
initiating the con-        10 the vessel.
tinuous induced development process of any  75 8. A method of initiating in
a fermenter  of the preceding Claims 1 to 6, wherein the            vessel,
a continuous induced development  inoculum comprises or is derived from
afm-            process according to any of the preceding  organisms taken,
from  vats previously em-            claims 1 to 6, which includes the
steps of  ployed for the natural development of beer.        15  providing
a closed packed vessel; inserting    11. A method according to Claim  10 of
80            into the vessel a small quantity of inoculum  initiating the
continuous induced development            comprising a strong culture of
afm-organisms  process of any of the preceding Claims 4, 5            with
normal top fermentation beer as sub-  (when appendant to 4) and 6 in which
the            strate; and a cell count within the range Lb  inoculum is a
laboratory culture which con-       20  5 x 10[err] to Lb 7 x 10[err] cells
per millilitre;  sists of or predominantly comprises Lacto-  85
adding substrate to reduce the culture count;  bacillus pastorianus and
Brettanomyces.         establishing minimally aerobic conditions in    12.
A continuous induced development pro-            the vessel; allowing the
contents of the vessel  cess according to any of the preceding Claims
to stand until the culture count has increased  1 to 6, in which the
process is so arranged       25  substantially, again adding substrate to
reduce  that the following seven control factors, viz.  90            the
culture count and repeating the cycle of  rate of throughput of substrate,
operating            substrate addition and culture proliferation
temperature of substrate in the vessel, pH of            until the level of
substrate in the vessel has  incoming substrate, nitrogen content of in-
reached predetermined operating capacity and  coming substrate, degree of
attenuation of in-       30  the packing has been submerged in substrate;
coming substrate, original gravity of incoming  95            creating
turbulence in the substrate to achieve  substrate, and oxygen content of
incoming            substantially uniform dispersal of afm-organ-
substrate can be adjusted independently or in            isms throughout
the substrate; allowing the  any combination.            contents of the
packed vessel to stand until    13. A method of controlling the ultimate
35  the afm-organisms have settled over substan-  acidity of the product of
the continuous in-  100            tially the whole surface of the packing
and  duced development process claimed in any of            thereafter
passing substrate through the vessel.  the preceding Claims 1 to 6, which
includes              9. A method of initiating in a fermenter  adjusting
the rate of throughput of substrate.            vessel, a continuous
induced development pro-   14. A method of controlling the rate of       40
cess according to any of the preceding Claims  fermentation and the
ultimate acidity of the  105            1 to 6 which includes the steps of
providing  product of the continuous induced develop-            an empty
fermenter vessel filled with packing;  ment process claimed in any of the
preceding            providing a pre-fermenter vessel at least equal
Claims 1 to 6, which includes adjusting the            in capacity to the
capacity of the fermenter  temperature at which fermentation takes place
45  vessel; inserting into the pre-fermenter vessel  within the range
59[err]F to 85[err]F.       110            a small quantity of inoculum
comprising a    15. A method of controlling the rate of            strong
culture of afm-organisms with nor-  fermentation and ultimate acidity of
the pro-            mal top fermentation beer as substrate and a  duct of
the continuous induced development            cell count within the range
Lb 5 x 10[err] to Lb   process claimed in any of the preceding       50  7
x 10[err] cells per millilitre; adding substrate  Claims 1 to 6, which
includes adjusting the 115            to reduce the culture count; allowing
the con-  pH of the incoming substrate.            tents of the
pre-fermenter vessel to stand   16. A method of controlling the rate of
until the culture count has increased substan-  fermentation and ultimate
acidity of the pro-            tially; again adding substrate to reduce the
duct of the continuous induced development       55  culture count and
repeating the cycle of sub-  process claimed in any of the preceding  120
strate addition and culture proliferation in the  Claims 1 to 6, which
includes adjusting the 



pre-fermenter vessel until the level of sub-  nitrogen content of the
incoming substrate.            strate in the vessel has reached
predetermined    17. A method of controlling the amount of
operating capacity; creating turbulence in the  carbohydrate available in
the substrate in the       60 substrate  in  the  pre-fermenter vessel to
continuous  induced  development process 125            achieve
substantially uniform  dispersal of  claimed in any of the preceding Claims
1 to            afm-organisms throughout the substrate; pass-  6, which
includes adjusting the degree of            ing the dispersion of
afm-organisms in sub-  attenuation of the normal top fermentation
strate from the pre-fermenter vessel intothe  beer forming the substrate
prior to introduc-       65  fermenter vessel so that the packing is sub-
ing it into the continuous process.       130
984,473                                      15       18. A method of
controlling the amount  beer having an acidity in excess of 0.3% when
of carbohydrate available in the substrate in  produced by the continuous
process according     the continuous induced development process  to any
one of the preceding Claims 1 to 6,     claimed in any of the preceding
Claims 1 to  13 to 19 or 21. 5  6, which includes adjusting the original
spe-   23. Blended  developed  beer comprising  35     cific gravity of the
wort from which the nor-  normal top fermentation beer however pro-     mal
top fermentation beer forming the sub-  duced, when blended with acid
developed beer     strate was made in relation to the degree of  produced
by the continuous process according     attenuation selected for normal top
fermenta-  to any one of the preceding Claims 1 to 6 and 10 tion beer.
13 to 19 or 21.                              40       19. A method of
adjusting the rate of pro-    24. A  continuous  induced  development
liferation of afm-organisms in the continuous  process for the production
of acid developed     induced  development process claimed  in  beer
substantially as herein described.     any of the preceding Claims 1 to 6,
which    25. As an additive for use in blending with 15  includes the step
of adjusting the amount of  normal top fermentation beer, acid developed
45     oxygen in the incoming substrate.            beer when produced by
the continuous process       20. A method according to any of the pre-
substantially as herein described.     ceding Claims 7 to 12, wherein the
substrate   26. Blended  developed  beer comprising     employed for the
inoculum is a normal top  normal top fermentation beer however pro- 20
fermentation beer having a hop content of  duced, blended with acid
developed beer  50     from 5 to 6 grams per litre.
produced by the continuous process substan-       21. A continuous process
according to any  tially as herein described.     of the preceding Claims 1
to 6, in which a     quasi-counterflow system is provided by em-
URQUHART DYKES & LORD, 25  ploying a vertical packed tower as the operat-
Columbia House, 69 Aldwych,     ing vessel, introducing substrate at the
lower            London, W.C.2.     end of the tower and drawing off
effluent at                    and     the upper end of the tower.
12 South Parade, Leeds 1, Yorks.       22. As an additive for use in
blending with 30  normal top fermentation beer, acid developed
Chartered Patent Agents.              Leamington Spa: Printed for Her
Majesty's Stationery Office, by the Courier Press             (Leamington)
Ltd.-1965. Published by the Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.  



ERRATA        SPECIFICATION No. 984,473 Page 4, line 52, for "brewing
industry" read     "Brewing Industry" Page 5, line 18, for "vessed" read
"vessel" Page 5, line 46, for "perocess" read "process" Page 6, line 129,
for "aproximately" read   "approximately" Page 14, line 12, for
"developement" read   "development" THE PATENT OFFICE   24th March 1965    


