Office de la Propriete Canadian CA 2044174 C 2003/09/09

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 044 1 74
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 1990/10/11 (51) Cl.Int.°/Int.Cl.° C12H 1/04
(87) Date publication PCT/PCT Publication Date: 1991/05/02| (72) Inventeurs/Inventors:

T . BERG, KENNETH A., US;
(45) Date de delivrance/lssue Date: 2003/09/09 WITT. REINHARD H.. US-

(85) Entréee phase nationale/National Entry: 1991/06/11 DEROLF, M. ROBERT, US

(86) N” demande PCT/PCT Application No.: US 1990/005858| (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 1991/005485 PQ HOLDING, INC., US

(30) Priorité/Priority: 1989/10/12 (420,502) US (74) Agent: GOUDREAU GAGE DUBUC

(54) Titre : TRAITEMENT DE LA BIERE ET COMPOSITION
(54) Title: BEER PROCESSING AND COMPOSITION

(57) Abrége/Abstract:

A composition that provides improved chillproofing of beer and other beverages Is disclosed. The composition comprises a silica
gel reacted with a metal, said metal having the capabillity of being sorbed and desorbed from the silica gel in response to pH and
concentration changes.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




- ' : g & . - - ; :

A composition that provides improved chillproofing
of beer and other beverages is disclosed. The composition
comprises a silica gel reacted with a metal, said metal
having the capability of" being sorbed and desorbed | from
the silica gel in response to PH and concentration changes.
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IMPROVED BEER PROCESSING AND COMPOSITION

Background of the Invention

Compositions comprising silica gel reacted with
metal ions provide improved chillproofing and processing
of Dbeer and other brewed beverages. The compositions
provide processing advantages with most beers but are
especially useful in treating the so-callegd high malt beer
and other beers that are known to be difficult to chill-
proof.

The term "“beer," as used in this specification ang
claims, includes many ¢types of brewed beverages, Such
beverages include lager, Pilsner, Dortmund and Munich
beers. Other such beverages are ale, porter and stout.

Beer and other beverages brewed from grains are
complex solutions containing numerous organic solutes
Some of these compounds undergo reactions depending on how
and how long the beverage is stored. One troubling reac-
tion is the development 0of haze on aging and chlllzng.
This haze is objectionable to consumers of the beverage.

A number of methods and products have been developed
to remove sufficient of ‘the haze former ¢to prevent its
formation. These methods or products are used before bot~
t11ng and 1nc1ude the use of varlous adsorbents such as
silica hydrogels and/or xerogels, ~ calcmm, alumlnum and
magnesium silicates: several types of clays or mlnerals*
and mixtures thereof. U.S. Patents that dlsclose such art
include Patents 3,163, 538 3,251,693; 3,436, 225; 3,617,301;
3,940, 498' and 3,958,023, U.S. Patent 4,797,294 discloses

a combmatlon of szhca gel and magnesmm szhcate as an
effectlve chlllproofer for some beers
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Not all beers are equally easy to stabilize against

chill haze formation. Sfat, "MBAA Technical Quarterly"”
12, 4,243-248 (1973), teaches that some beers can be

of beer. More difficult beers require 3 to 4 pounds of
PVPP and 3 to 4 pounds of silica hydrogel for each 100
bbls of beer for effective stabilization.

It is an object of this invention to provilde a
chillproofing agent that is effective in beers that are
difficult to treat and that can be used with shorter con-
tact times or in lower doses for beers that are easier to
chillproof. It is also an objective of this invention to
provide a method and product that do not involve PVPP in
chillproofing higher malt beers.

mmar he Inventi

The chillproofing composition of our invention is
prepared by reacting certain alkaline silica gels with
metals. Such compositions are exceptionally effective in
chillproofing all beers, but are especially useful for
beers which have previously required a combination of
silica gel and PVPP to stabilize. The metal ion is reacted
with or sorbed on the silica gel to provide a uniform dis-
tribution of the metal in the pores and on the surface of
the silica.

The composition of our invention is added to the
beer before bottling. Contact continues for a time suffi-
cient to adsorb the chill haze components and provide the
degree of stabilization required. Use of the composition
of our invention allows processing of most beers at lower
dosages or at shorter contact times than required when
silica hydrogel is used. High malt beers can be processed
without the use of PVPP.

The increased chillproofing activity of the product
made by our process has not been predicted by the prior
art that discloses various sliliceous agents that contain
metals. The prior art discloses blends of silica gel and
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stablllze high malt beers. Our product, which contains
sorbed or exchanged multivalent ions, is extremely effi-
cient in chillproofing such beers. Indeed, the metal must
be 1introduced into our products as described, as other
ways of providing metal do not provide the desired chill-

proofing activity. If a silica gel suspended in a solution
of metal salt is used for chillproofing, the desirable be-

havior of our product is not realized. 1If a metal silicate

1s introduced into a silica hydrosol, the chillproofing
activity of the resulting gel is lost.

The Invention

The composition of our invention is a silica gel
wherein metals, especially those with multivalent ions,
are reacted with or sorbed on the gel. Our composition is
Ccharacterized by a uniform distribution of the metal 1in
the pores and on the surface of the silica. Our composi-
tion is further distinguished in that the metal is not in
the form of large precipitates of metal oxide that block

the pores of the silica, nor is metal oxide precipitated
around the particles of silica.

cate or potassium silicate solution to form a silica
hydrosol. We prefer to neutralize 60 to 85% of the alkali
metal present in the silicate solution. A most preferred
embodiment is to neutralize 70 to 80% of the alkali metal
in the silicate solution. This hydrosol is allowed to set
to a hydrogel. The hydrogel is slurried with a solution
of a salt of a multivalent metal and an acid, the pH and
concentration of said solution being such that the metal
reacts readily with the silica hydrogel, but does not
precipitate. The silicate may be completely neutralized
or induced to gel with an excess of acid and washed if the

gel is adjusted to an alkaline PH prior to treating with
the metal solution.
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Multivalent metals used to prepare the compositions
Of our invention are those which can react with the silica
surface in a reversible manner. In other words, the metal
ion must be capable of sorbing or desorbing from silica in
response to changes 1in pH and/or concentration. Among
useful metals are aluminum, calcium, magnesium, nickel,
barium, manganese, copper and mixtures thereof. The metal
can exist in the solution as the ionized form of a metal
salt. The metal can also be present as a complex. We use
halides, phosphates, nitrates, sulfates, acetates or oxal-
ates as counter ions to the metal ions in solution. The

concentration of the metal ion in solution should be suffi-

weight. We prefer 3 to 7% by weight.

The pH of the metal ion solution must be controlled
and may be adjusted during the reaction of the metal with
the silica, and the pH-adjusting agent may be any that can
achieve and maintain the required PH value in solution
while the solution is exposed to silica. Acids, bases and
various buffers can be used. For most metals the pH should
be maintained at a value of about 7 to 10.5; we prefer 8
to 9.5,

The reacted gel is separated from the spent solu-
tion by any convenient method. The product is washed to

reduce salt concentration. The product is then dried and
milled to finish the process.

The preparation of our product can be described in
further detail with magnesium as the metal. Silica hydro-
sOols are prepared by simultaneously and instantaneously
mixing aqueous solutions of acid and sodium silicate. The
concentrations and flow rates or proportions are adjusted
so that the hydrosol contains 8 to 12% S:io2 and so that
only 60 to 85% of the sodium is neutralized. Such hydro-
sols gel rapidly and can be allowed to gel in a mass and
then crushed to form particles for'further processing. In
one embodiment the hydrosol contains about 10% Sioz, has
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a pH above about 8 and gel in a matter of seconds or less.
Such a hydrosol can be formed into spheres by spraying in
air.

The gel particles are contacted with an aqueous

5 solution of a magnesium salt such as MgSO4 for a period

of time sufficient to replace the unreacted sodium on the
surface of the silica with magnesium. The contact time
can be 1 to 6 hours. The gel 1is then washed, dried and

milled to provide the desired moisture level and particle

10 size. The particle size should average 10 to 40 microns.
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Another process embodiment of the process to pre-
pare the product of our invention involves the preparation
of a silica gel wherein the hydrosol has a neutral or acid
pH value. Sufficient or more than sufficient acid is added
to neutralize all of the sodium present in the silicate.
The resulting gel is washed to remove some salts and ex-
cess acid. Then an alkaline solution such as NaOH is added
to the silica gel slurry to provide a pH above about 8,
preferably between about 8.3 and 9. This alkalized or
alkaline gel is contacted with a solution of a metal salt
such as magnesium sulfate for a time sufficient to exchange
and/or react the magnesium on the silica surface in place
of the sodium.

In the preferred embodiment of our invention, the
exchanged or reacted silica gel is dried. 1In another em-
bodiment of our invention the exchanged or reacted gel can
be used without drying or can be partially dried.

The product of our invention comprises a silica gel
reacted with a metal, usually a metal with a valence of 2
or more. The metal 1is apparently distributed uniformly
from the center of each particle or granule to the surface,
and it is not in the form of a large metal oxide precipi-
tates either in the pores or around the particles. The
amount of metal reacted varies, but should .be more than
0.65% wt/wt. The product can contain 5 to 60% moisture
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with the balance being 5102. A preferred product "of “our

invention has the following composition:

% by Weight
Metal 0.7 - 15.0
SiO2 60.0 - 94,0
H20 5.0 - 25,0

Our most preferred metal ion is magnesium, and we prefer
to have about 1 to 5% present as Mg.

The first advantage O0f the product of our invention
i1s exceptionally efficient chillproofing of beer and brewed
beverages. In one experiment a commercially available
silica hydrogel beer clarifier required sufficient product
to yield 1500 ppm of SiOZ to provide a chill haze read-
ing after forcing of 38 ASBC FTU. A composition of our
invention containing magnesium provided an FTU reading of
23 at only 600 ppm of solids. To chillproof beer, 200 to
1500 ppm of the composition of our invention is introduced
into the beer and allowed to contact the beer for a suffi-
cient time to remove the chill haze elements. The spent
composition is removed and the beer is now stabilized.

by any dosage of silica gel alone. The dosage of our
product required for these beers is not in excess of the
usual 200 to 1500 ppm recited previcusly. Another ad-
vantage of our product is its rate of action. Our product
chillproofs faster than silica hydrogel, as shown 1in
Example 6. |

Numerous methods of providing a combination of
metals with silica gel to the chillproofing process have
not provided behavior even approaching the efficiency of
the product made by our process. A suspension of silica
gel in a solution of magnesium sulfate does not exhibit
the activity of our composition. For details see Example
4. Blends of magnésium silicate and silica gel have only
slightly improved chillproofing activity when compared
with silica gel alone, when used in high malt, difficult
to chillproof beers. Our product provides much improved
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performance over a commercial silica hydrogel as is shown

in Example 2. Silica gel made with magnesium silicate
added to the hydrosol prior to gelling is actually inferior
to silica gel in chillproofing activity.

5 Examples

The following examples illustrate certain embodi-
ments of our invention. These examples are not provided
to establish the scope of the invention, which is des~
cribed in the disclosure and recited in the claims. The

10 proportions are in parts by weight (pbw) or percent by
weight (% wt/wt) unless otherwise indicated.

Our chillproofing experiments were carried out as
follows. Untreated beer was refrigerated at 0°C during
storage and handling, and protected against oxygen by

15 CO,. The headspace O, level was 1less than 100 ppb dur-
ing all handling. Time contact with the chillproofing
agent started when an aliquot of beer was transferred into
a tank containing a stirred deoxygenated slurry of chill-
proofer, The slurry contained 10% (w/v) chillproofing

20 agent, and the volume was varied to provide the dose of
agent desired. After the required contact time the beer
slurry was pumped through a filter. After filtering, the
beer was bottled anaerobically against C02 back pressure.
The bottled beer was forced by incubation at 60°C for 5
25 days; then it was stored at 0°C for 2 days.

The haze was ‘measured with an LG Automatic Haze

Meter filled with ice water. The units are ASBC FTU. The

instrument is standardlzed each day u51ng membrane filtered
water and a 431 FTU standargd.

30 Example 1
A silica hydroscl containing 10% Sio2 was pre-
pared by instantaneously mixing solution of sulfuric acid
and sodium silicate. The acid solution contained 19.71%
sto4 The silicate solution has 3.17 .pbW' of .Sioz
35 for each pbw of Na,O and contained 16.05% solids. The
flow rates to the nozzle mixer were such that the hydrosol
contained 10% S10,, 75% of the sodium in the silicate
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was neutralized, and the pH was above about 8. The hydro-
sol was sprayed into the air and allowed to form into

- spheres. The gel time was less than one second.

The gelled spheres were introduced into an agqueous
solution of magnesium sulfate. The sulfate solution con-
tained 5% MgSO4 and upon addition of the silica gel had
a pH of about 8.5 which persisted during the three hour
contact time. The reacted gel was washed three times with
deionized water to remove the sodium salts formed and the
residual magnesium sulfate salts. The volume of water
used in each wash step equaled the volume of the reacted
gel. The gel was dried to a loss on drying (LOD) of 15%
and milled to an average particle size of 17 microns. The
product contained 2.5% Mg which 1s equivalent to the
sodium which was not neutralized.

Example ¢
The product produced as described in Example 1 and

silica hydrogel, a commercially accepted chillproofing
agent, were tested for chillproofing activity in a diffi-
cult to chillproof 80% malt beer.

Table 1
Chill Haze After Forcing
(ASBC FTU)
Commercial
Product Silica
Dose (ppm) Example 1 _Hydrogel
None 425 425
200 200 240
400 140 210
600 9% 150
800 85 140

A chill haze of 100 FTU 1is often a goal which is believed
to provide desirable stability for beer. These results
indicate that 100 FTU can be achieved by a reasonable dose

35 of our product, 600 ppm. The commercial hydrogel did not

provide such a reading even at a dose of 800 ppm.
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Example 3

The product of Example 1 and the commercial silica
hydrogel were tested in a less difficult-to~-chillproof 70%
malt beer.

> Table 2
Chill Haze After Forcing
(ASBC FTU)

Commercial

Product Silica
10 Dose {(ppm) Example 1 _Hydrogel

0 | 495 495

200 140 190

400 90 160

600 80 100

15 800 78 100

These results also indicate the efficiency of our product
in providing a FTU of 100 or less. Our product requires

less than 400 ppm to achieve 100 FTU, while the commer01al
silica hydrogel requires 600 ppm.

20 Example 4

The product of our invention as described in

Example 1 was tested and compared with szllca gel and a

silica gel suspended in a solutlon of Mgso4 Sufflcn.ent

MgS0O, was used to provide the same level of Mg that is

25 provided by the product of our invention. The 80% malt

beer was treated with 778 ppm of each agent. The results
are summarized in the following table. '

Table 3
Chill Haze After Forcing
30 | (ASBC FTU)
: Forced
Treatment Agent | Chill Haze

None - 777

Silica Hydrogel 330
35 Silica Gel + MgSo, - 323

Product of Example 1 | 206
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These results indicate that the silica gel suspended in a
solution of Mgso4 provided about the same chillproofing
performance as did the silica gel. The product of our

invention provided significantly better chillproofing

N

Example 5
A product similar to that described in Example 1
was prepared with calcium as the metal. Nitric acid was

substituted for the sulfuric acid and the gel contained
10% Sioz. Twenty-five percent (25%) of the sodium was
unneutralized. The gel was contacted with a solution of
0.5 molar calcium nitrate. The other steps remained the
same. It was tested with the product of Example 1 and
silica gel in a difficult-to-chillproof beer with 70% malt.
The results are summarized in the following table.

Table 4
Chill Haze After Forcing
(ASBC FTU)
Product Product Silica
Dose (ppm) Example 1 Example 5 Gel
0 - 279 279 279
400 98 95 -
600 - 89 93

These results with others show that the products made by

our process can achieve the desired reading of 100 FTU at
a dose of about 400 ppm.

Example §

| The product of our invention as described in
Example 1 (400 ppm) and a silica hydrogel (400 ppm) were
used to stabilize beer with 80% malt. The FTU readings

for various total contact times are summarized in the fol-
lowing Table.
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Table 5
Chill Haze After Forcing
| (ASBC FTU)
Total

5 Contact Time Silica Product of
(Minutes) _Gel Exam 1

0 402 402

2008 T — 270

2.77 322 e -

10 2.82 | 346 ~

3.41 e 200

6.18 - 209

6.86 273 —

11.53 232 ~—

15 11.96 - 174

These results indicate that our product is very effective
in short contact times. Our product provides an FTU read-
ing of 270 in about 2 minutes while the silica gel requires
about 7 minutes to provide the same reading.
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1. A composition for treating beer to prevent chill haze, said

composition comprising a silica gel reacted with a multivalent metal and

being characterized by a uniform distribution of the multivalent metal in the

pores and on the surface of the silica, and wherein saild multivalent metal

is not precipitated in the pores of the silica or around the particles of silica,

said composition being prepared by the steps of:

d.

combining a solution of sodium silicate or potassium
silicate with a solution of an acid to form a silica
hydrosol, the composition and proportions of said
silicate and acid solution being such that 60 to 85%
by weight of the Na,O or K,0 in the silicate solution is
neutralized and the hydrosol contains 8 to 12% by
weight SiOy;

allowing said hydrosol to set to a hydrogel,
granulating said hydrogel into discrete particles;
contacting said hydrogel particles with a solution of 3
to 10% by weight of a salt of a multivalent metal and
maintaining the pH of the mixture of hydrogel and
solution at a value of about 7 to 10.5, whereby the
metal reacts or exchanges with the silica but large
precipitates of hydrous metal oxide do not form within
the pores of the silica or around the silica particles;
maintaining contact between the hydrogel particles
and metal salt solution until a desired level of metal is
reacted or exchanged with the silica;

washing the reacted silica;

drying and milling the reacted silica; and

recovering the composition for treating beer in the

form of the reacted silica from step g).
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2. The composition of claim 1 wherein the silicate I1s sodium
silicate and the proportion of silicate and acid solutions are such that 70 to
80% of the Na,O is neutralized.

3. The composition of claim 2 wherein the silica has reacted

thereon at least 0.65% by weight of the metal.

4. The composition of claim 2 wherein the metal has a valence
of two.

D. The composition of claim 2 wherein the metal iIs magnesium
or calcium.

0. The composition of claim 2 wherein the SiO; is about 60 to

94% by weight, the metal is about 0.7 to 15.0% by weight and the water is
about 5 to 25% by weight.

7. The composition of claim 6 wherein the metal has a valence
of two.

8. The composition of claim 6 wherein the metal is magnesium
or calcium.

9. A composition for treating beer to prevent chill haze, said

composition comprising a silica gel reacted with a multivalent metal and
being characterized by a uniform distribution of the multivalent metal in the
pores and on the surface of the silica, and wherein said multivalent metal
is not precipitated in the pores of the silica or around the particles of silica,

said composition being prepared by the steps of:
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combining a solution of sodium silicate or potassium
silicate with a solution of an acid to form a silica
hydrosol, the composition and proportions of said
silicate and acid solution being such that substantially
all of the Na,O or K>O in the silicate solution is
neutralized,

allowing said hydrosol to set to a hydrogel;
granulating said hydrogel into discrete particles;
washing said hydrogel;

adjusting the pH of said washed hydrogel to an
alkaline value;

contacting said hydrogel particles with a solution of 3
to 10% by weight of a salt of a multivalent metal and
maintaining the pH of the mixture of hydrogel and
solution at a value of about 7 to 10.5, whereby the
metal reacts or exchanges with the silica but large
precipitates of hydrous metal oxide do not form within
the pores of the silica or around the silica particles;
maintaining contact between the hydrogel particles
and metal salt solution until a desired level of metal is
reacted or exchanged with the silica;

washing the reacted silica;

drying and milling the reacted silica; and

recovering the composition for treating beer in the

form of the reacted silica from step 1).

The composition of claim 9 wherein the silica has reacted

thereon at least 0.65% by weight of the metal.

11.

of two.

The composition of claim 9 wherein the metal has a valence
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12. The composition of claim 9 wherein the metal is magnesium
or calcium.
13. The composition of claim 9 wherein the silica is about 60 to

94% by weight, the metal is about 0.7 to 15.0% by weight and the water is
about 5 to 25% by weight.

14. The composition of clam 13 wherein the metal has a

valence of two.

19. The composition of claim 13 wherein the metal is

magnesium or calcium.

16. A method to treat beer to prevent chill haze comprising
contacting beer with 200 to 1500 parts per million (ppm) of metal reacted
silica gel composition for a time sufficient to remove chill haze
components from the beer and then separating the composition from the
beer wherein said metal reacted silica is prepared by the steps of:

a. combining a solution of sodium silicate or potassium
silicate with a solution of an acid to form a silica
hydrosol, the composition and proportions of said
silicate and acid solution being such that 60 to 85%
by weight of the Na,O or K0 in the silicate solution is

neutralized and the hydrosol contains 8 to 12% by

weight Si0;;
b. allowing said hydrosol to set to a hydrogel,
C. granulating said hydrogel into discrete particles;
d. contacting said hydrogel particles with a solution of 3

to 10% by weight of a salt of a multivalent metal and
maintaining the pH of the mixture of hydrogel and

solution at a value of about 7 to 10.5, whereby the
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metal reacts or exchanges with the silica but large
precipitates of hydrous metal oxide do not form within
the pores of the silica or around the silica particles;

e. maintaining contact between the hydrogel particles
and metal salt solution until a desired level of metal Is

reacted or exchanged with the silica;

f. washing the reacted silica,
g. drying and milling the reacted silica; and
h. recovering the reacted silica from step g).
17. The method of claim 16 wherein the silicate Is sodium

silicate and the proportion of silicate and acid solutions are such that 70 to
80% of the Na,O is neutralized.

18. The method of claim 17 wherein the silica has reacted

thereon at least 0.65% by weight of the metal.

190. The method of claim 17 wherein the metal has a valence of
two.

20. The method of claim 17 wherein the metal is magnesium or
calcium.

21. The method of claim 17 wherein the metal reacted silica

contains 60 to 94% by weight SiO,, about 0.7 to 15.0% by weight metal
and about 5 to 25% by weight water.

22. The method of claim 21 wherein the metal is magnesium

and the beer contains at least 70% malt.
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23. A method to treat beer to prevent chill haze comprising

contacting beer with 200 to 1500 parts per million (ppm) of metal reacted

silica gel composition for a time sufficient to remove chill haze

components from the beer and then separating the composition from the

beer wherein said metal reacted silica is prepared by the steps of:

a. combining a solution of sodium silicate or potassium
silicate with a solution of an acid to form a silica
hydrosol, the composition and proportions of said
silicate and acid solution being such that substantially
all of the Na,O or K,O in the silicate solution is
neutralized;

D. allowing said hydrosol to set to a hydrogel,

C. granulating said hydrogel into discrete particles;

d. washing said hydrogel,

e. adjusting the pH of said washed hydrogel to an
alkaline value;

f. contacting said hydrogel particles with a solution of 3
to 10% by weight of a salt of a multivalent metal and
maintaining the pH of the mixture of hydrogel and
solution at a value of about 7 to 10.5, whereby the
metal reacts or exchanges with the silica but large
precipitates of hydrous metal oxide do not form within
the pores of the silica or around the silica particles;

g. maintaining contact between the hydrogel particles
and metal salt solution until a desired level of metal is
reacted or exchanged with the silica;

h. washing the reacted silica;

. drying and milling the reacted silica; and

J. recovering the reacted silica from step 1).

24. The method of claim 23 wherein the silica has reacted

thereon at least 0.65% by weight of the metai.
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25. The method of claim 23 wherein the metal has a valence of
two.

26. The method of claim 23 wherein the metal iIs magnesium or
calcium.

27. The method of claim 23 wherein the metal reacted silica

contains about 60 to 94% by weight SiO,, about 0.7 to 15% by weight

metal and about 5 to 25% by weight water.

28. The method of claim 27 wherein the metal is magnesium
and the beer contains at least 70% malt.
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