
896,567        with 2.7 ml. of 1N sodium hydroxide and  not sensitive to
light. The somewhat light-  65            mixed with 80 ml. of 0.125 N
sodium hydrox-  sensitive lupulone fraction of the hop extract    ide
containing 300 mg. of potassium boro-  which is more resistant to the above
chemical    hydride. The alkaline solution is held at 60[err]  reduction
has been eliminated through its        5  C for 1 hour during which time
the humu-  insolubility in wort and beer.            lones isomerize to
their respective isohumu-    A beer made in accordance with the present 70
lones which concomitantly are acted upon by  method provided a
spectrophotometic ultra-            the borohydride to form the reduced
iso- violet absorption curve as illustrated in Fig .            humulones.
The contents of the reaction flask  2 and including the characteristic
plateau in        10  are now cooled to room temperature where-  the
approximate 260-275 millimicrons wave            upon the excess
borohydride is decomposed  length range.            by addition of 6N
hydrochloric acid, decreas-            ing the pH of the alkaline solution
from 12.6             EXAMPLE 4.            to 2. The reduced isohumulones
which separ-  REMOVAL OF LUPULONE  FRACTION  AFTER        15  ate are
recovered by extraction with petroleum  ISOMERIZATION AND SUBSEQUENT REDUC-
ether (Skellysolve F). The solvent is evapor-    TION.            ated in
vacuo and the bitter residue is taken    The second half of the isomerized
and  80            up in ethanol. The ethanolic extract of the  reduced hop
extract solution from the chemi-            reduced isohumulones can now be
used in  cal reduction process in Example 3 is acidi-        20  the
production of a light stable beer.    fied with 6N HCI to pH 6.5, although
we have                   found adjustment to a pH between 6.0 and  EXAMPLE
3.                  8.5. to be equally effective. This treatment 85
ISOMERIZATION AND SUBSEQUENT REDUCTION  decomposes the excess borohydride
and causes OF A HOP EXTRACT.                        the lupulone fraction
to become insoluble. The            50 grams of ground, dried hops are
extracted  mixture is extracted with petroleum  ether            in tube
with 1.2 liters of petroleum ether  (Skellysolve F) which completely
removes the            (Skellysolve F). The extract is concentrated
partially altered lupulone fraction and leaves 90            under vacuum
and the volume adjusted to 250  most or all of the reduced isohumulones in
ml. According to spectrophorometer analysis, the aqueous phase. This
aqueous phase is            3.05 grams of humulones and 2.15 grams of  now
further acidified with 6N HCl to pH 2        30  lupulones are present from
the hop extraction. and the mixture is extracted with petroleum
The petroleum ether is evaporated in vacuo  ether to recover the reduced
isohumulones 95            and the dark, oily residue is taken up with
which contribute to the desirable bitter chara-            30 ml. ethanol.
The bitter acids contained  ter and foam stability of beer. Again, the
therein are neutralized with 14.5 ml. 1N   boric acid remains in the
aqueous phase. After            NaOH. The solution is buffered at pH  11
evaporation of the petroleum ethe, the 



with 150 ml. 0.2 M  phosphate buffer and  reduced isohumulone fraction is
taken up 100            diuted to 300 ml. with water. This 1%  in 100 ml.
ethanol and assayed spectrophoto-            humulone solution is refluxed
90 minutes to  metrically.            convert the humulones to isohumulones
and    77 ml. of the ethanolic solution containing        40  then cooled.
The chemical reduction of the  about 1.05 grams of reduced isohumulone is
isohumulones is now  accomplished by the  added to 21 liters of boiling,
unhopped wort. 105            addition of 874 mg. potassium borohydride
The cooled wort is fermented with yeast and            and stirring at room
temperature for 4 hours.  the resulting beer, processed in the usual
One-half of the solution (150 ml.) is acidified  manner, was not sensitive
to light, in accord-        45  to pH 2 with 6N HCl to decompose the  ance
with the light test set forth in Example            excess borohydride.
This acidification causes  1.            the reduced isohumulones, the
partially. altered            lupulones and other substances  to become in-
EXAMPLE 5.            soluble. This mixture is extracted with petro-
COMBINED ISOMERIZATION AND REDUCTION OF        50 leum ether to recover the
reduced isohumu-            A HOP EXTRACT.            lones and other
substances soluble in petro-    150 Grams of ground, dried hops are ex-
leum ether. The boric acid, however, remains  tracted in a tube by passing
2 liters of pento-  115            in the aqueous solution. After removal
of the  leum ether (Skellysolve F). The extract is            petroleum
ether in vacuo, the oily residue  concentrated under vacuum and the volume
55  is taken up in 100 ml. of ethanol.         adjusted to 250 ml.
According to spectro-               The ethanolic solution containing
approxi-  photometric analysis, 8.63 grams of humu-            marely 960
mg. of reduced isohumulone  lones and 6.25 grams of lupulones are present
120            according to spectrophotometric assay  is  from the hop
extraction. A potion of the            added to 21 liters of unhopped wort
from the  petroleum ether extract (115 ml.) is evapor-        60
brewhouse. The wort is boiled and cooled.  ated in vacuo and taken up in 40
ml. of            Yeast is added and the liquid is fermented. ethanol. The
bitter acids contained therein are            The resulting beer is
processed by the usual neutralized with 19.0 ml. of 1N NaOH and 125
procedures known to the art. The beer the solution diluted to 100 ml. with
water.            possesses all of the usual fine qualities and is This
solution of hop extract is added to 300
896,567                                        5             ml. of an
solution of borohydride  material. The alcoholic fitrate is brought to
at 70[err]C. containing 40 ml. of 1N NaOH   250 ml. with ethanol. According
to spectro- 65             and 1.258 grams of potassium borohydride.
photometric assay, 4.75 grams of humulones 



The resulting mixture which now contains 1%   and 3.45 grams of lupulones
have been    5  humulone and 0.1N alkalinity is held at 60[err]  recovered
from the fresh hops. An amount of            C. for 3 hours. During this
time the humu-  the hop extract containing 2 grams of humu-
lones are isomerized to the respective iso-  lones in 20 ml. of ethanol is
treated with 8.0  70            humulones which concomittantly  are acted
ml. of 1N NaOH to neutralize the humulones            upon by the
borohydride to form the reduced  and lupulones, and further diluted with
100        10  isohumulones as evidenced by the changes  ml. of 0.2 M
phosphate buffer and water to            in the spectral curves in the
ultraviolet region. make a final volume of 200 ml. The phosphate
The solution is cooled to room temperature.  buffer in this case is the
same as that used in  75              A 150 ml. portion of the alkaline
solution is  Example 1. The alkaline solution at pH 11 is
acidified to pH 2 to decompose the excess  refluxed for 90 minutes to
isomerize the        15  borohydride and the reduced isohumulones
humulones to their respective isoummulones.            are recovered by
extracting with petroleum  The solution is cooled, whereupon 596 mg. of
ether together with other substances soluble  potassium borohydride are
added and the reac-  80            in this solvent. The boric acid remains
in  tion mixture stirred for 4 hours at room tem-            the aqueous
phase during the extraction. The  perature. The excess borohydride is
decom-       20  petroleum ether is evaporated in vacuo and  posed by the
addition of 6N HCl to a pH of            the oily, bitter residue is taken
up in 100 ml.  2.  The insoluble material containing the            of
ethanol. The ethanolic solution containing  desired reduced isohumulones is
extracted with   85            1 gram of reduced isohumulones according to
petroleum ether.. The solvent is evaporated            spectrophotometric
assay is now added to 22  in vacuo and the oily residue taken up in 50 25
1iters of boiling wort from the brewhouse. ml. of ethanol. A portion of the
ethanolic           The wort is boiled, cooled and fermented with  extract
containing about 1.0 gram of reducesd           yeast. The resulting beer
is processed in the  isohumulones is added, to 21 liters of boling, 90
usual manner known to the art and was found  unhopped wort. The wort is
cooled, fermented           to be stable to light.
with yeast and the beer is processed in the
usual manner. The beer is stable to light in 30                 EXAMPLE 6.
accordance with the light test set forth in           REMOVAL  OF LUPULONE
FRACTION  AFTER  Example 1.                                       95
COMBINED ISOMERIZATION AND REDUC-   In the practice of our invention, we
are not              TION.                                   limited to the
conditions set forth in the above              Another 150 ml. portion of
the hop extract  examples. The chemical reduction of the iso-       35
solution from the combined chemical iso-  humulones with sodium borohydride
or potas-           merization and reduction process in Example  sium
borohydride can be accomplished in non- 100           5 is acidified with
5N HCl to pH 6.4. The  aqueous solvents such as alcohols, amines and
excess borohydride is then decomposed and  glycol ethers. Lithium aluminum
hydride  the lupulone fraction becomes insoluble. The  would require
anhydrous ethyl ether and other  mixture is extracted with petroleum  ether
solvents of the ether class. These are but a few    Skellysolve F) which
completely removes the  of the possible reducing agents and solvents. 105
partially altered lupulone fraction and leaves    The isomerization and
reduction of the iso-             most or all of the reduced isohumulones
in the  humulones can be carried out over fairly wide 



aqueous phase. This aqueous phase is now  pH and temperature ranges,
although mildly      45  further acidified with 5N HCl to pH 2 and
alkaline conditions and moderate temperatures          the mixture is
extracted with petroleum ether  are preferred. The concentration of the
reduc- 110 which recovers the desirable reduced iso-  ing agent can be
varied within reasonable          humulone. After evaporation of the
solvent, limits. Other acids besides hydrochloric acid          the residue
is taken up in 100 ml. ethanol and  could be used to reduce the pH and
decom-      50  the ethanolic solution containing about 0.93  pose the
excess borohydride. Hydrocarbons,          gram of reduced isohumulones is
added to 21   chlorinated hydrocarbons, ethers and other 115
liters of boiling, unhopped wort. The cooled   solvents which are
immiscible with water and          wort is fermented with yeast, processed
in the  will dissolve the product can be used in place     usual manner,
and the resulting beer is not  of petroleum  ether to recover this product.
55  senitive to light.                            The concentration of
humulone being iso-                             merized to isohumulone
which in turn is 120                         EXAMPLE 7.
reduced can be varied considerably. While in         ISOMERIZATION AND
SURSEQUENT REDUCTION  the above examples we have used solutions         OF
EXTRACT FROM FRESH HOPS.          containing 1% humulone, we have also
worked  335 Grams of fresh, undried hops are packed  with 0.1%, 5 % and 10%
humulone solutions.     60  in a tube and extracted with 4 liters of petro-
Although it is preferred to add the hop 125       leum ether (Skellysolve
F). The solvent is  extract directly to the wort as described in
evaporated in vacuo and the oily residue taken  Example 1, we have further
found that the         np in ethanol and filtered to remove insoluble hop
extract obtained in accordance with the          6
896,567         present invention may be added at any stage    WHAT WE
CLAIM IS:-        of the usual brewing process to provide an    1. A
process for preparing a bittering        acceptable beer or ale product.
It will be   agent for a fermented malt beverage such as        apparent
that lesser amounts are required if   beer or ale in which process hops are
treated     5  added during steps following the boiling or     to render
constituents of the bittering agent, 70       cooking of the wort.
chemically reactive with the sulf-           As previously stated, we have
found that the  hydryl groups normally present as a component
spectral absorption properties of isohumulones,   such a malt beverage,
chemically inactive         when measured in alkaline methanol, have
towards said sulfhydryl groups, so that the 



10  been changed as a result of the reduction.This   bittering agent when
combined with the in-   75   change occurs in the ultraviolet region cor-
gredients of said beverage provides a light         responding to about 260
to 275 millimicrons.  stable product free from those chemical effects
Fig. 1 illustrates the typical ultraviolet absorp-    of actinic attack
which would otherwise cause         tion spectra of the isohumulones and
the   said product to have objectionable light-stuck     15  reduced
isohumulones described in Example 1    characteristics.         above. The
spectral curve of Fig. 1 of the   2. A process as claimed in Claim 1, in
which         isohumulones resulting from the isomerization  the
isohumulones normally formed in said         of purified humulones exhibits
only a slight hops during the brewing processes are rendered
inflection in the 260 to 275  millimicrons     to photochemical
degradation.     20  region. However, the spectral curve of Fig. 1    3. A
process as claimed in Claim 2, charac- 85         of the reduced
isohumulones obtained from  terised in tha         the chemical reduction
of these same iso-  isohumulones is brouht about by reduction
humulones has a pronounced flat or plateau   4. A process as claimed in
Claim  3, in         portion, which portion may, in some cases, which the
lupulone normally present in hops     25  include a second maximum in this
same 260  are removed whilst retaining the isohumulones          to 275
millimicrons part of the spectrum.    in a reduced state.            Fig. 2
is illustrative of the typical ultra-   5. A process as claimed in Claim 4,
in          violt obsorption spectra of isohumulones and  which the
lupulones are removed subsequent          reduced isohumulones when
measured in  to the formation of the reduced isohumulones.      30
alkaline methanol after extraction of beer with    6. A process as claimed
in any of Claims   95          iso-octane. The spectral curve of the
regularly  3 to 5, in which the reduced isohumulones   .          hopped
beer of Fig. 2 results from  the iso-  are formed by isomerising, then
reducing          octane extraction of a production beer made in
humulones.          the usual manner, wherein whole dried hops    7. A
process as claimed in any one of Claims      35  are boiled with wort. It
is similar to the non-  3 to 5, in which the reduced isohumulones
reduded isohumulone curve of Fig. 1 in that  are formed by simultaneously
isomerising and          it has the typical curvature due to iso-  reducing
humulones.          humulones which have not been chemically    8. A
process as claimed in Claim 6 or 7, in          reduced. The remaining
comparative curves of  which the humulones are extracted from a hop      40
Fig. 2 are the spectral absorption curves of  extract prior to conversion
to reduced iso- 105           the reduced isohumulones recovered by iso-
humulones.           octane extractions of pilot beers from  Ex-    9. A
process as claimed in Claim 6 or 7,           amples 1 and 3 above. These
two curves have  in which the humulones are converted to iso-           the
same general form in the 260 to 275 milli-  humulones when still
constituents of a hop       45  microns region of the ultroviolet spectrum
as  extract.                                110           that for the
reduced isohumulones shown by   10. A process as claimed in Claim 8 or 9,
curve 2 of Fig. 1. The optical density data of  in which the hop extract is
formed by sub-           Figs. l and 2 were determined with a "Beck-
jecting hops to the action of a solvent in which           man" (Registered
Trade Mark) DK-2 ratio  the humulones  in hops are  substantially       50
recording spectrophotometer using a 0.012 N   soluble.
115 



alkaline methanol as a reagent blank. Optical    11. A process as claimed
in Claim 10, in           density is defined as log I[err]/I wherein I[err]
is the    which said solvent is petroleum ether.           light
transmission of the reagent and I is the   12. A process as cliimed in any
preceding           light transmission of the solution tested.     claim,
in which the hops treated are ground       55    It is quite obvious,
therefore, that an iso-  dried hops.                         . 120
octane extract of any beer containing chemic-    13. A process as claimed
in any one of          ally reduced isohumulone as set forth in our  Claims
1 to 11, in which the hops are fresh            invention, and as we have
found, will show a  undried hops.            significant difference in
spectral absorption    14. A process as claimed in any preceding        60
properties in the 260 to 275 millimicrons  claim in which the treatment is
carried out in  125            region of the electromagnetic spectrum when
such a manner that an iso-octane extract from            said iso-octane
extract is diluted with alkaline  a fermented beverage containing said
bittering            methanol and evaluated spectrophotochemic-   agent in
alkaline methanol exhibits a spectral         ally, as compared to a beer
containing iso-    ultra-violet absorption curve of optical density
65    humulones not so treated.                 plotted against wavelength
in millimicrons hav-  130
896,567     present invention may be added at any stage    WHAT WE CLAIM
IS:-    of the usual brewing process to provide an   1. A process for
preparing a  bittering    acceptable beer or ale product.  It will be
agent for a fermented malt beverage such as    apparent that lesser amounts
are required if  beer or ale in which process hops are treated 5  added
during steps following the boiling or  to render constituents of the
bittering agent, 70    cooking of the wort.                      chemically
reactive with the sulf-       As previously stated, we have found that the
hydryl groups normally present as a component     spectral absorption
properties of isohumulones,  of such a malt beverage, chemically inactive
when measured in alkaline methanol, have  towards said sulfhydryl groups,
so that the 10  been changed as a result of the reduction. This  bittering
agent when combined with the in-     change occurs in the ultraviolet
region cor-  gredients of said beverage provides a light-     responding to
about 260 to 275 millimicrons.  stable product free from those chemical
effects     Fig. 1 illustrates the typical ultraviolet absorp-  of actinic
attack which would otherwise cause     tion spectra of the isohumulones and
the  said product to have objectionable light-struck 15  reduced
isohumulones described in Example 1  characteristics.
80 



above. The spectral curve of Fig. 1 of the   2. A process as claimed in
Claim 1, in which     isohumulones resulting from the isomerization  the
isohumulones normally formed in said     of purified humulones exhibits
only a slight hops during the brewing processes are rendered     inflection
in the 260 to 275  millimicrons   photochemical degradation. 20  region.
However, the spectral curve of Fig. 1    3. A process as claimed in Claim
2, charac-     of the reduced isohumulones obtained from  terised in that
incapable of reacting of the     the chemical reduction of these same iso-
isohumulones is brought about by reduction.     humulones has a pronounced
flat or plateau   4. A process as claimed in Claim 3, in     portion, which
portion may, in some cases, which the lupulones normally present in hops 25
include a second maximum in this same 260  are removed whilst retaining the
isohumulones     to 275 millimicrons part of the spectrum.    in a reduced
state.        Fig. 2 is illustrative of the typical ultra-    5. A process
as claimed in Claim 4, in     violt absorption spectra of isohumulones and
which the lupulones are removed subsequent     reduced isohumulones  when
measured  in  to the formation of the reduced isohumulones. 30  alkaline
methanol after extraction of beer with    6. A process as claimed in any of
Claims  95      iso-octane. The spectral curve of the regularly  3 to 5, in
which the reduced isohumulones      hopped beer of Fig. 2 results from the
iso-  are formed by isomerising, then reducing      octane extraction of a
production beer made in  humulones.      the usual manner, wherein whole
dried hops   7. A process as claimed in any one of Claims  35 are boiled
with wort. It is similar to the non- 3 to 5, in which the reduced
isohumulones      reduced isohumulone curve of Fig. 1 in that are formed by
simultaneously isomerising and      it has the typical curvature due to
iso-  reducing humulones.      humulones which have not been chemically
8. A process as claimed in Claim 6 or 7, in      reduced. The remaking
comparative curves of  which the humulones are extracted from a hop  40
Fig. 2 are the spectral absorption curves of  extract prior to conversion
to reduced iso- 105      the reduced isohumulones recovered by iso-
humulones.      octane extractions of pilot beers from  Ex-    9. A process
as claimed in Claim 6 or 7,      amples 1 and 3 above. These two curves
have  in which the humulones are converted to iso-      the same general
form in the 260 to 275 milli-  humulones when still constituents of a hop
45  microns region of the ultroviolet spectrum as  extract.
110      that for the reduced isohumulones shown by   10. A process as
claimed in Claim 8 or 9,      curve 2 of Fig. 1. The optical density data
of  in which the hop extract is formed by sub-      Figs. 1 and 2 were
determined with a "Beck-  jecting hops to the action of a solvent in which
man" (Registered Trade Mark) DK-2 ratio  the humulones  in hops are
substantially  50  recording spectrophotometer using a 0.012 N   soluble.
115       alkaline methanol as a reagent blank. Optical    11. A process as
claimed in Claim 10, in       density is defined as log I[err]/I wherein
I[err] is the  which said solvent is petroleum ether.       light
transmission of the reagent and I is the    12. A process as claimed in any
preceding       light transmission of the solution tested.  claim, in which
the hops treated are ground   55   It is quite obvious, therefore, that an
iso-  dried hops.                            120       octane extract of
any beer containing chemic-    13. A process as claimed in any one of 



ally reduced isohumulone as set forth in our  Claims 1 to 11, in which the
hops are fresh       invention, and as we have found, will show a  undried
hops.       significant difference in spectral absorption    14. A process
as claimed in any preceding   60  properties in the 260 to 275 millimicrons
claim in which the treatment is carried out in 125   region of the
electromagnetic spectrum when  such a manner that an iso-octane extract
from       said iso-octane extract is diluted with alkaline  a fermented
beverage containing said bittering       methanol and evaluated
spectrophotochemic-  agent in alkaline methanol exhibits a spectral
ally, as compared to a beer containing iso-  ultra-violet absorption curve
of optical density   65  humulones not so treated.                  plotted
against wavelength in millimicrons hav- 130
896,567                                         7            ing a positive
slope portion approaching a  beverage such as beer or ale, which process
maximum  optical density value at approxi-  consists of adding a bittering
agent as claimed  20            mately 250 millimicrons and a generally
nega-  in Claim 16 to said beverage.            tive slope following it and
including an accen-    19. A process as claimed in Claim 18, in 5  tuated
intermediate plateau-like curve portion  which said bittering agent is
added to the in the approximate wave-length range of 260  beverage during
the brewing process.            to 275 millimicrons.
20. A process as claimed in Claim 19, in  25               15. A  process
for preparing a bittering  which said bittering agent is added to the
agent substantially as herein described with  wort.        10  reference to
the examples.                     21. A process of preparing a malt
beverage           16. A bittering agent for a fermented malt  such as beer
or ale as claimed in Claim  18           beverage such as beer or ale when
prepared  and substantially as herein described.       30           by the
process claimed in any preceding           claim.
HERON ROGERS & CO.,        15    17. A fermented malt beverage such as beer
Agents for the Applicants,            or ale containing a bittering agent
as claimed             Bridge House,            in Claim 16.
181, Queen Victoria Street,              18. A process of preparing a
fermented malt             London, E.C.4.       Leamington Spa: Printed for
Her Majesty's Stationery Office by the Courier Press.-1962.       Published
at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.    


