
0046 066 A process for producing fermented alcoholic products The present
invention relates to a process for producing fermented alcoholic products
with a low diacetyl content by fermentation of a carbohydrate containing
substrate with a microorganism. When carbohydrate containing substrates,
such as wort or grape juice, are fermented with yeast or other
microorganisms, various processes take place in addition to the alcohol
fermentation which may 5 cause generation of undesired by-products. An
example is the formation of diacetyl which has a strong and unpleasant
smell even In very low concentrations. Alcoholic beverages, such as beer or
wine, may thus have an unacceptable aroma and flavour if the content of
diacetyl considerably exceeds certain limits which, in the case of beer, is
about 0.1 ppm. Formation of diacetyl is also disadvantageous in the
industrial production of ethanol because it is 10  difficult to separate
diacetyl from ethanol by distillation. A particular problem arises in the
preparation of absolute ethanol where ethanol is dehydrated by azeotropic
distillation with benzene. Diacetyl will accumulate in the benzene phase
during the azeotropic distillation which may give rise to mixtures of
diacetyl and benzene which makes it difficult to recover the benzene used
for the azeotropic distillation. The conventional brewing of beer comprises
fermenting the wort with a suitable species of yeast, 15 such as
Saccharomyces cerevisiae or Saccharomyces carlsbergensis. The fermentation
is usually effected In two steps, viz. a main fermentation of a duration of
normally 7 to 10 days and a secondary fermentation -a so-called maturation
process- which may take from 3 to 12 weeks. During the main fermentation
most of the carbohydrates in the wort are converted to ethanol and carbon
dioxide. Maturation is effected at a low temperature in the presence of a
small residual amount of yeast. The 20 purposes of the maturation are i. a.
to precipitate undesirable, high molecular weight compounds and to convert
diacetyl, 2,3-pentanedione, [err]-acetolactate and
[err]-aceto-[err]-hydroxybutyrate to compounds, such as diols, which do not
affect flavour and aroma. For example butanediol, the final product of the
conversion of [err]-acetolactate and diacetyl in beer, does not affect
flavour and aroma in concentrations. below 500 mg per litre. 25     The
enzymatic and chemical reactions important to the diacetyl content in beer
is illustrated in the following scheme: [err] [err] [err] 45        [err]
[err] isovalerate) The precursor of diacetyl, [err] acetolactate, is
generated in the fermenting yeast by enzyme catalyzed condensation of
pyruvate and the thiamine pyrophosphate of acetaldehyde and is an
intermediate in the biosynthesis of the amino acid valine.
[err]-Acetolactate may. however, also decompose spontaneously by 55
oxidative decarboxylation to provide diacetyl [reaction (1)] which is
subsequently reduced by reductases in the yeast cells, present during the
beer maturation process. The decarboxylation of [err]-acetolactate is a
temperature dependent reaction which proceeds relatively slowly at low
temperatures, whereas the subsequent conversion of diacetyl to acetoin and
2,3-butanediol proceeds relatively fast, the consequ- ence being that the
rate determining step In removal of [err]-acetolactate and diacetyl from
beer is the 60 decarboxylation of the diacetyl precursor. Quite similarly,
the rate determining step in removal of 2,3- pentanedlone and
[err]-aceto-a-hydroxy-butyrate is the spontaneous decarboxylation of the
2,3-pen- tanedione precursor. 2    0 046 066 To obtain maximum
precipitation of high molecular weight substances and a beer of
satisfactory quality, the maturation should take place at a temperature as
low as possible, such as at about [err]. At this temperature it may take
several months before the acetolactate has been completely removed and the
resulting diacetyl has been reduced by the yeast. The maturation time may
be reduced, however, if the 5 process is allowed to proceed at higher
temperatures, e. g. 1 or 2 weeks at [err], 1 or 2 weeks at [err] and 



1  or 2 weeks at - [err]. Such a procedure will accelerate the conversion
of acetolactate to diacetYl. In connection with accelerated beer brewing
processes it has been proposed to accelerate the decomposition of
acetolactate and a-aceto-[err]-hydroxy-butyrate by heating the beer briefly
to [err] or [err] see J. Inst. Brew. Vol. 79, 1973, p. 43-44. Reaction (1)
may essentially be terminated in the course of 4 to 15 minutes at these
temperatures. Flavour and aroma, however, will be adversely affected to
some extent by such a rough treatment. Nor is the heat treatment suitable
for conventional beer brewing processes, and, moreover, it is inconvenient
and economically disadvantageous to heat and recool large amounts of beer
between the main fermentation and maturation, also because all the yeast
has to be removed prior to the heat treatment and fresh yeast has to be
added after the heat treatment and cooling 15 to convert diacetyl to
butanediol. The present invention is based on the discovery that the slow
decomposition of acetolactate to diacetyl, reaction (1) in the scheme, may
be avoided by using enzymes to decompose acetolactate. In principle, any
enzyme that causes conversion of acetolactate may be used for this purpose.
A case in point is decarboxylation of acetolactate to acetoin, see reaction
(4) in the above-mentioned scheme. 20     Other examples are the conversion
of acetolactate to [err]-keto-[err]-hydroxy isovalerate with an isomerase
reaction (6) or the conversion of acetolactate to [err]-dihydroxy
isovalerate with a reducto-isomerase reaction (5). The reaction products,
in both reactions are precursors for the amino acid valine. The process of
the invention is thus characterized by the treatment of a substrate with an
acetolactate converting enzyme during or in continuation of a fermentation.
An example of a suitable enzyme for this 25 process is acetolactate
decarboxylase, which may be recovered from the microorganism Aerobacter
aerogenes. This enzyme is described by E. Juni In J. Biol. Chem., Vol. 195
(1952), p. 715-734. However, it could not be predicted that the enzyme
might advantageously be used in fermentation processes, such as
fermentation of wort, for the brewing of beer with a low diacetyl content.
In an embodiment of the process of the invention acetolactate Is
enzymatically decarboxylated to 30 acetoin, the result being that formation
of the strongly smelling and undesirable diacetyl from acetolactate is
avoided. Similarly, in other embodiments, decomposition of a-acetolactate
to diacetyl is avoided by conversion of the diacetyl precursor with the aid
of acetolactate reductoisomerases or isomerases (reactions 5 and 6). The
process may be carried out in connection with conventional brewing of beer.
For example, 35 acetolactate decarboxylase may be added during the main
fermentation or during the process of maturation. The use of this enzyme
provides for a significant shortening of the maturation process as
acetolactate is rapidly decarboxylated to fermentable acetoin without any
formation of diacetyl. According to a particular embodiment of the
Invention the enzyme is added during the maturation process, the formation
of acetolactate having essentially ended after the main fermentation.
However, If 40 desired, the enzyme may be added before or during the main
fermentation where the pH is higher than -  during the maturation process.
Instead of using the enzyme In a free state, It may be used in an
immobilized state, the immobilized enzyme being added to the wort during or
in continuation of the fermentation. The immobilized enzyme may also be
maintained in a column through which the fermenting wort or the beer is
passed. The enzyme 45 may be Immobilized separately, or coimmobilized yeast
cells and acetolactate decarboxylase may be used. The use of an immobilized
enzyme allows an accelerated continuous brewing of beer as the beer
fermentation may be effected by passing the wort through columns containing
immobilized yeast and immobilized enzymes, optionally In a coimmobilized
state. In that case the main fermentation and the 50 maturation process are
combined to a continuous conversion of wort to finished beer, the capacity
depending upon the volume and diameters of the columns. Such a process
saves labour and reduces production plant investments. The process of
the-invention can not only be used in connection with the brewing of beer,
but Is also suitable for the production of wine where similar advantages
are obtained, in particular a reduction In the 55 maturation period and a
simplification of the process. Of special interest in this context is the
use of acetolactate converting enzymes in connection with the so-called
malo-lactic fermentation. This process which Is effected by microorganisms
as species of Leuconostoc, Lactobacillus or Pediococcus is carried out
after the main fermentation of wine in order to increase the pH of the
product as well as its biological stability and to develop the flavour of
the wine. Moreover, it is highly desirable to carry out the 60 fermentation
since it makes possible rapid bottling and thereby improves the cash-flow
of wineries 



substantially. Unfortunaly, however, the process may give rise to
off-flavours due to diacetyl, the formation of which can be reduced with
the aid of acetolactate converting enzymes. Further, the process can be
used to advantage for industrial preparation of ethanol as fermentation
products are obtained without or practically without any content of
diacetyl, which simplifies the distillation process, especially 65 in case
of azeotropic distillation for the preparation of absolute ethanol, I. e.
pure anhydrous ethanol. -    046 066 As mentioned, in the present process
there may be used an acetolactate decarboxylase which e. g. been isolated
from Aerobacter aerogenes. However, use may also be made of acetolactate
converting enzymes from other sources, e. g. species of Bacillus,
Enterobacter, Klebsiella, Leuconostoc, Serratia and Streptococcus, and some
species of Actinomycetes and fungi. 5     Suitable acetolactate
reducto-isomerases and isomerases may be isolated from bacteria, such as
species of E. coli or Aerobacter aerogenes, or from Neurospora
crassa,yeasts, Salmonella or plants. As the enzymes in question are enzymes
in amino acid metabolism it must be expected that they occur in almost all
living cells. As alcohol fermentation processes often proceed at pH values
ranging from 4 to 5, and many, readily 10 available acetolactate
decarboxylases recovered from microorganisms have optimum stability and
activity at pH values above 5, it is expedient according to, the invention
to use acetolactate decarboxylase in a chemically modified state to obtain
a great stability and/or optimum activity in a pH range between 4   - and
5. Such modification may e. g. be obtained as stated in Biochem., Vol. 11,
No. 22, 1972. The processes of the invention will be illustrated below by
means of some examples. 15 Example 1 Batchwise fermentation and rapid
maturation of beer using acetolactate decarboxylase 20     1 litre of
sterile wort of a wort strength of [err] was inoculated with brewer's yeast
(Saccharomyces carlsbergensis) in an amount of 20 x [err] cells per ml.
After 6 days at [err] the main fermentation was finished, the attenuation
(apparent extract) of the beer being measured to be 2.0 [err] The content
of free and bound diacetyl (i. e. diacetyl derived from a-acetolactate) in
the beer were measured to be 0.12 ppm and 0.71 ppm, respectively (cf.
Haukeli, A. D. and Lie S.: Journal of the Institute of Brewing 1971, 77,
538) 25     The beer was then decanted from precipitated yeast and admixed
with 100 ml of [err] Kreuzen [err] i. a. vigorously fermenting beer,
produced from wort inoculated with yeast 48 hours before. Moreover, 25 mg
of acetolactate decarboxylase isolated from Aerobacter aerogenes as
described in European Journal of Biochemistry 1970, 14, 133 were added. On
24 hours' standing at [err] for secondary fermentation and maturation the
beer content of free and bound diacetyl were determined to be 0.05 ppm and
0.10 ppm, 30 respectively. The beer was then cooled to - [err] and left to
stand for another 2 days at this temperature, and the finished beer was
then filtered. Example 2 35 Continuous fermentation and rapid maturation of
beer 350 g. of brewer's yeast (Saccharomyces carlsbergensis) isolated by
centrifugation were suspended in 350 ml of a 3 % sterile solution of sodium
alginate. The mixture was dropwise added to 10 litres of sterile 0.1 M
[err] to gelatinize calcium alginate to form spherical, yeast containing
particles of a diameter of 40 about 3 mm. These were left to stand in the
calcium chloride solution for 12 hours at [err] and then packed Into a
column of a diameter of 19 cm and a height of 5 cm. Sterile wort was pumped
through this reactor at [err] at a rate of 0.15 litre per hour, the wort
strength being [err]. The attenuation in the eluate from the reactor was
found to be [err], and gas chromatography showed a content of free and
bonded 45 diacetyl of 0.15 ppm and 2.21 ppm, respectively. To I litre of
beer from the reactor were added 25 mg of acetolactate decarboxylase
produced as described In example 1. The beer was left to stand at [err] for
24 hours and then pumped through another reactor with immobilized yeast so
that the residence time was 5 hours. The content of free and bonded
diacetyl in the eluate were determined to be 0.05 ppm and 0.10 ppm,
respectively. The temperature was then lowered to - 1 C, and on standing
for 2 days at this 50 temperature the finished beer was decanted from
precipitated material and finally filtered. 



Example 3 55 Batchwise fermentation and rapid maturation of beer using
acetolactate reducto-isomerase 1 litre of sterile wort was fermented with
Saccharomyces carlsbergensis as described in example 1. After 6 days' main
fermentation the beer content of free and bonded diacetyl were measured to
be 0.10 ppm and 0.61 ppm, respectively. The beer was then decanted from the
precipitated yeast, and 100 ml 60 of [err] Kreuzen [err] were added as
described in example 1 together with 100 mg of an [err]-acetolactate
reducto- isomerase produced from E. coli as described by H. E. Umbarger, B.
Brown and E. J. Eyring in Journal of Biological Chemistry, Vol. 235, p.
1425-1432. The beer was then left to stand for another 24 hours at [err],
following which its content of free and bonded diacetyl were determined to
be 0.03 ppm and 0.09 ppm, respectively. The beer was then cooled to - [err]
and stood for another 2 days at this temperature, and 65 then the finished
beer was filtered. 4    0 046 066 Claims
c  L  M   S 1. A process for producing fermented alcoholic products with a
low diacetyl content by fermentation of a carbohydrate containing substrate
with a microorganism, characterized by treating the fermenting or 5
fermented substrate with an acetolactate converting enzyme during or In
continuation of the fermen- tation. 2. A process according to claim 1,
characterized in that the acetolactate converting enzyme is an acetolactate
decarboxylase. 3. A process according to claim 2, characterized by the use
of an acetolactate decarboxylase 10 recovered from the microorganism
Aerobacter aerogenes. 4. A process according to claim 1, characterized
inthat the acetolactate converting enzyme is an isomerase. 5. A process
according to claim 1, characterized in that the acetolactate converting
enzyme is a -   reducto-isomerase.- 15    6. A process according to any one
of the claims 1-5 wherein the substrate is subjected to a main fermentation
and a maturation process, characterized by effecting the treatment with the
acetolactate converting enzyme during the maturation process, 7. A process
according to claim 6, characterized in that the substrate is wort. 8. A
process according to claim 6 for the production of wine, characterized in
that the maturation 20 process comprises a malo-lactic fermentation during
which the treatment with the acetolactate converting enzyme is carried out.
9. A process according to any one of the claims 1-8, characterized by using
the acetolactate converting enzyme in an immobilized state. 10. A process
according to claim 9, characterized by using the enzyme in the form of a 25
coimmobilisate with yeast. 11. A process according to claim 1,
characterized by using acetolactate decarboxylase in a chemically modified
form to obtain high stability and/or optimum activity in a pH range between
4 and 5. 30 Anspr~che                                        .
*            ; 1. Verfahren zum  Herstellen von gegorenen alkoholischen
Erzeugnissen mit einem  niedrigen Diacetylgehalt durch Fermentation eines
kohlehydrathaltigen Substrats mit einem Mikroorganismus, gekennzeichnet
durch Behandeln des garenden oder gegorenen Substrats mit einem
acetolactat- 35 umwandelnden Enzym wahrend oder In Fortsetzung der
Fermentation. 2. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB
das acetolactat-umwandelnde Enzym eine Acetolactat-Decarboxylase ist. 3.
Verfahren gamaB Anspruch 2, gekennzeichnet durch die Verwendung einer
Acetolactat-Decarbo- xylase, die aus dem Mikroorganismus Aerobacter
aerogenes gewonnen wurde. 40    4. Verfahren gemaS Anspruch 1, dadurch
gekennzeichnet, daB das acetolactat-umwandelnde Enzym eine Isomerase ist.
5. Verfahren gemaB Anspruch 1, dadurch gekennzeichnet, daB das
acetolactat-umwa'ndelnde Enzym eine Reducto-Isomerase ist. 



6. Verfahren gemaB einem der Anspruche 1 bis 5, worln das Substrat einer
Hauptfermentation und 45 elnem ReifungsprozeB unterworfen wird,
gekennzeichnet durch Bewirken der Behandlung mit dem
acetolactat-umwandelnden Enzym wahrend des Reifungsprozesses. 7. Verfahren
gemaB Anspruch 6, dadurch gekennzelchnet, daB das Substrat Warze ist. 8.
Verfahren gemaB Anspruch 6 zur Herstellung von Wein, dadurch
gekennzeichnet, daB der ReifungsprozeB eine Malo-Milchsiuregarung ist,
wahrend der die behandlung mit dem acetolactat- 50 umwandelnden Enzym
durchgefuhrt wird. 9. Verfahren gemaB einem der AnsprOche 1 bis 8,
gekennzeichnet durch die Verwendung des acetolactat-umwandelnden Enzyms
in'immobilisiertem Zustand. 10.Verfahren gemaB Anspruch 9, gekennzeichnet
durch die Verwendung des Enzyms in Form eines Coimmobilisats mit Hefe. 55
11. Verfahren gemaB Anspruch 1, gekennzeichnet durch die Verwendung von
Acetolactat-Decarbo- xylase in einer chemisch modifizierten Form zum
Erzielen von hoher StabilitAt und/oder optimaler Aktivitat in einem
pH-Bereich zwischen 4 und 5. 60 Revendicatlons 1. Proc6d6 pour la
production de produits alcooliques ferment6s avec une faible teneur en
diac6tyle par fermentation d'un substrat contenant un hydrate de carbone
avec un micro-organIsme, caract6ris6 en ce qu'on traite le substrat
fermentant ou fermente avec une enzyme provoquant une conversion 65
d'ac6tolactate pendant ou a la suite de la fermentation. 5    0 046 066
I          L i  lul II I! 2. Proc6de selon la revendication 1, caract6rlse
eh ce quo l'enzyme provoquant une conversion d'ac6tolactate est une
ac6totactate d6carboxylase.                                          -' 3.
Proc6d6 selon la revendication Z caract6ris6 on ce qu'on utilise une
ac6tolactate d6carboxylase obtenue a-partir de micro-organismes A6robacter
a6rogenes.: 5     4. Proc6d6 selon la revendication 1, caract6rise en co
que l'enzyme provoquant la conversion d'ac6tolactate est une isomerase. 5.
Proc6d6 selon la revendication 1, caract6ris6 en ce que l'enzyme provoquant
-ine conversion d'acetolactate et une r6ducto-isom6rase.
4 -.6. Proc6d6 selon lune des revendications 1 & 5, dans lequel le substrat
est soumis a une 10 fermentation essentielle et un processus de maturation
caract6ris6 en ce qu'on effectue le traitement de l'enzyme provoquant la
conversion d'ac6tobactate pendant le processus de maturation. 7. Proc6de
selon la revendication 6. caract6risi en co que le substrat est du moit. 8.
Proc6d6 solon la rewvndication 6 pour la production de vin, caract6ris6 en
ce quo le processus de maturation comprend une fermentation malo-lactique
pendant laquelle io traitement avec l'enzyme 15 provoquant la conversion
d'acetolactate a lieu. 9. Proc6d6 selon l'une des revendications 1 a 8;
'caract6ris6 on ce que l'enzyme provoquant la conversion d'acetolactate est
maintenue Immobile. 10. Proc6d6 selon la revendication 9, caract6ris6 en ce
quo 1'enzyme est utills6e de fagon co- lmmobillsee avec de la levure. 20
11. Proc6d6 selon la revendication 1. caract6rise on ce qu'on utilise de
I'ac6tolactate d6carboxylase en forme chimiquement modifi6 pour obtenir une
stabilite 6lev6e et/ou une activit6 optimum & un pH compris entre 4 et 5.
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