Description Title: Inproved manufacture of beer The
present invention relates to agents and processes for
the i nproved production ofl-beer and mi xed beer
beverages. D acetyl (2, 3-butanedione) and ot her
vi ci nal di ketones and precursors thereof are forned
as so-called-secondary fernentation products fromthe
yeast during fernentation. Diacetyl is considered to
be one of the young bouquet substances which
determ ne the aroma of beer at the unfinished stage.
Di acetyl is known in the food industry as synthetic
butter aroma. When the flavour threshold val ue of
approxi matety 0.1 ng/l (0.1 ppr) is exceeded, it
Degoripficses beer with an inpure, sweetish taste
(off-flavour) which, when present in relatively high
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di ket ones and precursors) for a fully nmatured beer is
as arule 0.1 ng/l. Consequently, this value is
frequently used in breweries as the determ ning
paraneter in order to determ ne the end point of main
fermentation. As a rule, this additional period
followi ng the end point of extract fernmentation is 1
to 4 days. A disadvantage of known production




b2) secondary fernmentation characterised in that the
car bohydrat e conponent contains isonmaltul ose or an

i somal tul ose-contai ning n2xture and the main
fermentation process in step bl) is term nated as
soon as the attenuabl e proportion of the extract in
the wort has been attenuated. In a second aspect,
there is provided a beer produci ble according to the
process as defined above In a third aspect, there is
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determned via the ratio to the main conponent of the
car bohydrate conponent, in particular malt;
preferably, the ratio of isomaltul ose to the further
car bohydrate conmponents is approximtely 1:20 to
approximately 1:5, preferably approximately 1:16 to
approximately 1:8. Preferably, isomaltul ose is added



-5- longer be appropriately solved in many cases.
| somal tul ose contents of substantially nore than 2
g/100 mM in wort are consequently not a subject
matter of the present teachgng according to the
i nvention. |sonmaltul ose (6-0-a-D glucopyranosyl
fructose), known by the nane of Pal atinoseTm is a
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A "source of carbohydrate” should be understood to
nmean all usable materials containing carbohydrates
such as grain products in the case of which the

car bohydrates can be converggd at | east partially
during the production of the wort into attenuable

sol ubl e sugar such as glucose, naltose or maltotriose
(saccharification) which are then utilised as source
of carbohydrates by m croorganisns, in particular the
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The m xed beer beverage according to the invention
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Fi gure 2: Typi cal devel opment of the diacetyl content
during main fernmentation using the worts according to
Figure 1; in the case of the isonaltul ose-containing
wort (according to the invention), the value for

di acetyl falls below the taste threshold val ue as
early as at the tine of final fernmentation of the
extract (day 5): the green beer is available for
secondary fernentati on/maturation earlier; in the
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1.4 Results Table 1 shows the diacetyl
'ecfﬁ%hPPte?(% G ormed after fermentation of the worts

produced frommalt A [ppn] Table 1: yeast zero sanple
Dufing masiitagatheasile gowtePaf atdrholpairate in particular malt, is

preferably first mixed with the brewing liquor. Subsequently, preferably in the
sc-calied mashing processes, a {argeted enzymatic conversion of constituents
of the source of carbohydrate takes place in a specific temperature-fime
programme, the most important process being the complete decomposition of
starch io atienuable sugars such as glucose, maltose or maltotriose and non-
attenuable dexirins. The temperature optimum of maltose formation is 60T-
65T, that of dextrin formation 70T -75C. The temperature determines the final
fermentation of the wort depending on the type of beer. Following lautering and.
sweetening out of the spent grains with hot brewing liquor (78<), the wort is
preferably boiled for 60 min to 100 min, preferably with the addition of hops,
preferably approximately 150 to 500 g/ht of hops being added, depending on
the type of beer to be produced. By evaporating preferably approximately 6-10
% of the feed quantity, the content of original wort is adjusted. During boiling;
sterilisation additionally occurs, a coagulation of proteins fakes place, bitter
substances of the hops are isomerised and aroma compounds are formed and
partially evaporated. The boiled and hopped wort is subsequently preferably
liberated from sediment particles in the whirlpool and/or by filiration. After
cooling of the wort which usually takes place in plate heat exchangers, the cold
break is preferably partially removed and an iniensive aeration takes place to
-supply the microorganisms used for fermeniation with oxygen. Immediately
subsequently, at least one suitable, fermentafion-intensive microorganism,
conventionally brewer's yeast is added io the wort (pitching). Since the wort

i
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used for fermentation may coniain different sources of carbohydrate, pale or
dark microbiologically stabilised beers can be produced by using the process
according to the invention.

According io the invention, part of the exiract of the wort is preferably replaced
by isomaltuiose. Thus, the proportion of metabolisable carbohydrates in the
wort is, if necessary, reduced such that, preferably, the alcohol content of the
beverage produced is, moreover, reduced compared with that of a normal beer.
The alcohol content of the beers produced according to the inventien can, if
necessary, be further reduced by using alcohol removal processes. An “aicohol-
free beer” should be understood to mean a beer with an alcchol content of less
than 0.5 % by vol. which preferably contains approximately 7 to 8 % by vol. of
original wort. A “low-alcchol beer” should be understood to mean, according fo
the invention, a beer which has an alcohol content of less than 5 % by vol., in
particular less than 4 % by vol.

A “source of carbohydrate” should be understood to mean all usable materials
containing carbohydrates such as grain products in the case of which the
carbohydrates can be converted at least pariially during the production of the
wort into attenuabie soluble sugar such as glucose, maltese or maltotriose
(saccharification) which are then uiilised as source of carbohydrates by
microorganisms, in parficular the brewer's yeasts, during fermentation.. In a
preferred embodiment of the invention, the source of carbohydrate used is
malted grain, raw grain or a mixture thereof.

Maited grain preferably consists of grains and seeds of barley, wheat, rye, oats,
millet, triticale, rice, sorghum and/or sweet com which have been subjected fo a
malt production process. Raw grain preferably consists of grains and seeds of
barley, wheat, rye, oats, millet, sorghum, triticale, rice andfor sweet corn, which,
although having been milled, have not been malted.

Preferably, the starting materials are saccharified before fermentation. For this
purpose, the mali-inherent, hydrolytically active enzymes such as amylases,
maltases efc., which convert starch into non-atienuable dextrins and attenuable
glucose, maliose and malfoiriose, are used. During malt preparation, the
steeped cersals are allowed to germinate preferably at 12T {o 18T and the



0.14 MJJ 18 0.05 0.03 0.05 Table 2 shows the :
di acetyl quantities forned after fernentation of the
wort produced fromnmalt Bglppn] Table 2: yeast zero

sanple 3 g of Palatinose 6 g.-of Pa atinose MIJ 11
Malt B 0.19 0.12 0.14

germination process is interrupted as soon as the enzyme formation and
dissolution processes have reached the desired degree. This takes place
preferably by using elevated femperatures with a high throughput of air. By
predrying at preferably 40 fo 50T (withering), the water content can be reduced
from more than 50% to 10 to 12%. Subsequently, the temperature can
preferably be raised to approximately 80 to 85T in order fo adjust the water

content of the malt to. preferably approximately 4 to 5%. This process is referred
fo as kilning. '

Preferably, a single or several of the microorganisms selected from a bottom-
fermenting Saccharomyces cerevisiae strain, a top-fermenting Saccharomyces
cerevisiae strain, Saccharomyces carlsbergensis, Saccharomyces diastaticus
and Schizosaccharomyces pombe, is/are used for fermentation.

Using the process according to the invention, microbiclogically stabilised top-
fermented or bottom-fermented beer is preferably produced. Bottom-fermented
beer is obtained in the case of bottom fermentation where the yeast settles on
the botiom of the vessel after fermentation and can be separated off from there.
Top-fermented beer is a beer which is obtained by top fermentation, the yeast
rising upwards at the end of fermentation and being separated off at the top as
far as possible. '

In a further preferred embodiment of the invention, it is provided for the
*fermeniation process fo be carried out using at least one yeast and at least one
acidogen selected from the group consisting of representatives of Lactobacillus
sp., Acetobacter sp. and Gluconobacter sp. In a preferred aspect of this
embodiment it is, for example, provided for the fermentation to be carried out
using S. cerevisiae and/or S. diastaticus and/or Schizosaccharomyces pombe
and a representative of Lactobacillus, Lactobacilli which are also known as
lactic acid bacteria are capable of fermenting lactic acid. Beers or beerlike
beverages produced as a result of such fermentation are characterised by a

mild acidic taste which corresponds approximately fo that of Berliner Weifle
beer.

In a further preferred aspect of this embodiment, if is provided, for example, for
the fermentation o be carried out using S. cerevisiae and/or S. diastaticus
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Preferablyh the isemelidionss is addethia theswart as carbohydrate component in

the form of a syrup, solution or as a crystalline solid before the main
fermentation process, particularly preferably during the preparation of the wort.
in a variatioh, isomaltulose is added before and during mashing, preferably
together with at least one further carbohydrate component such as malt and/or
unmalted grain. In a different variation, isomaltulose is added at or shortly
before the end of mashing. In a further variation, isomaltulose is added o the -
clarified wort only after separating off the spent grains.

By using isomalfulose during the production of beer, a fbeer is obtained which,
even while being a green beer, is particularly poor in taste-impairing secondary
fermentation products. The subject matter of the invention consequently
consists also of a beer or mixed beer beverage producible by the process
according o the invention. A subject matter is also a dietetic beer, malted drink,
“Maizbier” or beer-iike soft drink . |

“Malied drink” should be understood to be a slightly hopped, carbon dioxide-
_ containing and dark beverage with a predominantly malt-aromatic taste of mait
sweeiness which, moreover, is low in alcohol o free from aicohol. Preferably,
the malted drink is brewed with approximately 7-8 % original wort from the malt



Exanpl e 2: Fernentation of isomaltul ose-containing
worts on a pilot plant scale In a brewery on pil ot
plant scale, two differenjgbeers were produced:
-"Dietetic beer: beer in the case of which, ideally,
only isomaltul ose is present as carbohydrate in the
finished product. -"Beer with a reduced al cohol
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wart beer,!beer, with dietetic dietetic beer w th
“HdrB AL RELIRRE $hould be understood to mean in particular: extracts,

solutions, essences from parts of plants, preferably anise, valerian root, stinging
nettle, blackberry leaves, strawberry leaves, fennel, lady’s mantle, goose grass,

ginseng, rosehip, hibiscus flowers, raspberry leaves, elderberry, hops, giriger,.
- St.-John's wort, camomile, coriander, curled mint, lapacho plant, lavender,
jemon grass, marjoram, mallow, balm, mistietoe, peppermint, marigold,
* rosemary, gentian, milfoil, thyme, hyssop, cinnamon efc. “Fruit components”
should be uhde;s‘tood to mean in particular: fruit exiracts, preferably from
apples, bananas, pears, pineapple, oranges, grapefruit, cherry, sour cherry,
limes, lemons, passion fruit, peaches, sea buckthorn, raspberries, strawberries,
blackberries, redcurrants, gooseberries, kiwi fruit etc.

Preferably, it is provided for the mixed beer beverage to contain natural or
nature-identical odour-bearing substances and/or flavourings as aroma
components such as essential oils from plants or fruit such as citrus oil,
peppermint oil or clove oil, fruit essences, aroma-conferring fruit juices, anise,
menthol, eucalyptus etc.

The colorant components are preferably colorants of, f:iant origin such as
carotinoids, flavonoids or anthocyans, colorants of animal origin, inorganic
pigments such as iron oxide pigments, products from enzymatic and non-
enzymatic browning, products formed by heating such as caramel, sugar colour
or synthetic colorants such as azo compounds, triphenylmethane compounds,
indigoid compounds, xanthene compounds or quinoline compounds. Suitable
synthetic colorants are for example erythrosine, indigo carmine or tartrazine



reduced al cohol i somal t ul ose al cohol content +
content isomaltul ose
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which are used for colour correction and/or for producing a pleasing
appearance of the mixed beer beverage according fo the invention.

Thé amino acid components are preferably mixtures of essential amino acids.
Preferred amino acids are his, lle, leu, tys, thr, trp, val and taurin.

The acid components are preferably culinary acids. In a preferred embodiment,
the beverages according 1o the invention are available as carbonated drinks, in
- other words, they may contain carbonic acid/carbon dioxide.

in & particularly preferred embodiment, the mixed beer beverages according {o
the invention also contain caffeine components such as extracts, preparations
or essences from coffee beans, tea plant or parts thereof, Brazil tea piant or
parts thereof, cola nut, cocoa bean or guarana. '

According to the invention, it is thus possibie to influence the diacetyl content of .
the green beer by using cerfain quantities of isomaltulose in the wort. in the
guantity provided according to the invention, the isomaltulose content does not
influence the taste of beer. Accordin‘f to the invention, isomaltuiose can be used
for adjusting the residual confent of diacetyl at the end point of the main
fermentation process, the duration of the main fermentation process remaining
unchanged. The brewmaster can thus control the brewing result with respect fo
the formation of these secondary fermentation products while the practical
execution of the process remains unchanged, cn the one hand to keep the iotal
diacetyl content as low as possible but also in order to produce new taste

aspec_fs in the beer. This is particularly advantageous for providing novel mixed
beer beverages.

A subject matter of the present invention bgnsequent%y consists also of the use
of isomaltuiose for controlling the proportion of secondary fermentation
products, in parlicular vicinal dikeiones, diacetyl (2,3-butanediong),
pentanedione, in the beer, wherein isomaltulose is used as a carbohydrate
component in the wort for the production of the beer. Isomaltulose is added to
the wort in the proportion provided for according to the invention.



extract content wt. % 7.15 11.48 7.47 11.55 extract,
apparent, final w. % 1.65.5.100.30 4.10 '
fernentati on reached -12-

A further subject matter is finally also the use of isomaltulose for shortening the
fermentation period during the production of the beer, wherein isomaliulose is
used as-a carbohydrate component in the wort for producing the beer. In this
case, the fermentation period during the main fermentation process is
shortened by terminating the main fermentation as soon as the attenuable
~ portion of the extract of the wort-has been attenuated. Isomaltulcse is added to
the wort in the proportion provided for according to the invention.

The subject matter of the invention is explained in further detail by way of the
following practical examples and the corresponding Figures, while these should
not be understood to be fimifing.

The Figures show:

Figure 1: Typical extract development during main fermentation for a known

wort {comparative wort) made from 50 g of malt/400 mi without isomaltulose
(proportion of extract approximately 9 %), and isomaltulose-containing wort

(according to the invention) made from 50 g of malt/400 ml and 3 g of

isomaliulose (proportion of extract: approxima’tely 11 %); after approximately 5

days, the end point of fermentation of the fermentable exiract is reached; the

extract content does not decrease any further.

Figure 2: Typical development of the diacety! content during main
fermentation using the worts according to Figure 1; in the case of the
isomaltulose-containing wort {(according to the invention), the vaiue for diacetyl
falls below the taste threshold value as early as at the time of final fermentation
of the extract (day 5y the green beer is available for secondary
fermentation/maturation earlier; in the case of conventional wort (comparative
wbrt), the value falls below the taste threshold value only after approximately 7
days; main fermentation is prolonged by approximately 2 days.

Figure 3: Proportion of aroma components after fermentation of real worts

Figure 4: Taste assessment of beers from real worts.
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Example 1: Fermentation of isomalfulose-containing worts on a laboratory scale

1.1 Tria! batches

Worts were produced according fo the congress method. (MEBAK). Each batch
is based on a volume of 400 ml. To produce congréss wort, malt (malt A) was
finely milled {(milling gap: 0.2 mm) and an amount of 50 g was weighed in. In
order to be able to assess the influence of the malt used, a further comparative
batch was produced with a different malt (in the following: malt B). Three
different mashing baiches were produced in each case:

“Zero sample”: 50 g of maltin 400 ml water
“3 g of Palatincse™ 50 g of malt + 3 g of isomaltuicse in 400 mi of water
"6 gof Palatinose™ 50 g of malt + § g of isomaltulose in 400 mi of water -

First, 250 ml of tepid doubly distilled water were introduced into each beaker
and mashing was carried out by stirring at 100 rpm for 30 minutes at 45 TC.
Subsequently the temperature was ramped up to 70 T at 1 T/min and 100 mi
of tepid doubly distilled water were added. This témperatur_e was maintained for
B0 min. After mashing, the content of the beaker was increased fo exactly 450 g
with doubly distilled water (corresponding to 50 g of malt + 400 mi of water).

Subsequently, the worts were filtered with a pleated filter into a measuring
cylinder after having been homogenised with a glass rod. The filtered worls
obtained were transferred into botties equipped with clip closures and
autoclaved for 16 min. at 121 T. The sterile worts we re stored in the cold (at
approximately 4 C) until further use.

After separating off the spent grains by filiration, approximately 380 ml or wort
with the following average extract contents are obtained per baich:

“Zero sample™ 9.2 %

-“3 g of Palatinose™ 9.8 %
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“6 g of Palatinose™ 10.5 %
1.2  Pitching

5 different yeasts (fhree bottom-fermenting, two top-fermenting) were used to
attenuate the worts produced with malt A; these should be considered to be
“normal” brewer’'s yeasts. '

-S. carisbergensis MJJ11
S. carlsbergensis MJJ10
| S. carlsbergensis MJJ42
S. cgrevisiae MJJ15

S. cerevisiae MJJ18

3 mi of the yeast culfure suspension (approximately 30 to 40 million cells/ml)
were added to each wort.

The wort batches produced with malt B were attenuated according to the same
pattern using 8. carlsbergensis MJJ11.

1.3 Main fermentation

In the case of all the batches, the main fermentation took place for 7 days in
open vessels at 26 T with the exclusion of light. In th e course of fermentation,
samples were taken in order to determine the development of the exitract. For
this purpose, the samples were subjected to renewed filtration before
measuring the extract in order to remove turbid matter which may have formed.
The determination of the diécetyi content in the samples was carried out
according to the .photomefric method of MEBAK. The extract and alcohol
measurement was carried out with the Alcolyzer® device {(Anton Paar GmbH).
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Table 3 shows the average values of the diacetyl quantities formed at the end
point of extract fermentation (all batches} [ppm]



3.1Real worts A conventional Pilsner wort was
produced. Part of this wort was treated in such a may
that approxi mately one quagter of the extract
consi sted of .isomaltul ose. The untreated origina
wort and the isonal tul ose-containing wort were
attenuat ed under the sane conditions (w thout
pressure, 12 cc) with the same yeasts as those used
for the nodel worts. The worts were treated up-to
approximately 1 to 1.5 % above the extract to be
Iﬁgﬁﬁ%cted on fernentation, then foll owed a 14 day
secondary fernmentation at 1 'C. The beers thus
produced were anal ysed in a beer-specific nmanner
according T¢ "VEBAK and by [chromat ography for the sane
sereshegiear Qrigof Padatmots |6 glofiPalatidese Wworts. In
addition, aitaste assessmgnt was carried out. The
change in the anal yticallyl determ ned aftoma profile
and0tHe tastie i npPd¥sion were t8-We deternined as a
function of ithe isomnltuldse content. The wort
anal yses are given in Table 5. Table 5: Wort
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all the batches considered. On average, a decrease of 30 % is achieved.

The addition of 6 g of isomalfulose fo the wort causes no uniform reduction in
the diacetyl quantities. On average, the same diacetyl content is obtained on
adding 6 g of isomalivlose as in the zero samples.

The effect described appears to be independent of the malt used since a
markedly reduced diacetyl content was measured also when using malt B in the
presence of 3 g of isomaltulose, when using 6 g of isomaltulose again only a
slightly reduced value was measured.

In the same way, the effect is independent of whether bottom or top-fermenting
yeasts are used, the effects observed occurred in the case of all the yeasts
considered.

During the fermentation of worts on a laboratory scale, it was thus found that, in
the baiches with an addition of a small amount of isomaltulose (3 g/ 400 ml)
considered, markedly less diacetyl was formed than in the comparative batches
not containing isomaltulose. This effect was defermined in the case of all the
yeasts examined (three bottom-fermenting, two top-fermenting) and does not
depend on the malt used.



1.93 4.2 finalfernentation , % apparent 83.3 62.6 pH
5.36 5.2 colour depth EBC8.6 6.4 bitterness units
BE48.1 31.6 !total nitrogep ppnP69 655

Exampie 2: Fermentation of isomaliulose-containing worts on a pilot plant scaie

In a brewery on pilot plant scale, iwo different beers were produced:

~“Dietetic beer”; beer in the case of which, ideally, only isomaltulose is present
as carbohydrate in the finished product.

-“Beer with a reduced alcohol content™: beer in the case of which part of the
original wort has been substituled by isomaliulose such that less alcohol is
formed during conventional fermentation and process obntrol_.

The beers were attenuated at approximaiely 12 T in open fermenting fubs and
subsequently processed further comrespondingly. Fermentation was considered
as having been completed when the extract content did not decrease further
over the fermentation period (end point of extract fermentation). The analysis of
the diacetyl quaniities formed was carried out according to the photometric
method of MEBAK. The carbohydrate contents of the worts corresponded to
those acconding fo Example 1.

2.2 Results

Table 4 shows the analytical values of the worls produced in each case, with
and without isomaitulose.

Table 4:

wort beer, beer, with dietetic dieletic beer
with reduced beer o+
reduced @alcohol isomaltulose
alcohol content +
content jsomaltulose
exiract content wt. % 7.15 11.48 7.47 11.55
extract, apparent, finalwt. % 1.65 5.10 0.30 4.10
fermeniation reached




free am no nitrogen ppnil75 124 zinc ppnD. 170. 15
DVS/ di net hyl 1:1 ' sul phide ppn8020 The worts were
adjusted to a very sim |l aggextract content. The

addi tion of isomaltul ose caused a decrease in fina
fermentation since the proportion of non-fernentable
carbohydrate (in the analysis of final fernentation)
increases as a result of the substitution of

waft-i nherent extract by isonmaltul ose. The further
anatytical valjues ~cthagnige I n fjine W th fediut{omn,
findl f@rmdnitationont et , sucly7a40 bi tB&T0 subst S 0[65.60
apé%fﬁ@'n fractijons, deg¢reases.| -21- Both worty were
nted with the foll ow ng|f our yeasts:

Sacchar onyces lcar |l sbefgensis [MJJ 11 accharg&&ges

PHcerevi siae M1 25, - £a@har gifles cer%@%i ae 2,
Wm‘cx‘wces poMbe 37 Anal ysis of tThe[aronma
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Hgf erm ngrl | e Al ] + holhat chaod

t or At o
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bRl on (B¢ days |posglecriensg in eXqast) k300

free amino nitrogen  ppm 114 115 126 122
diacet;.'! content at the ppm 0.36 0.13 0.13 0.10
end point of exiract |
fermentation

It is possible to clearly recognise the difference in the extract contents caused
by the addition of isomaltulose, before and after final fermentation. Apart from

that, the analylical values remain unchanged within the limits of accuracy of

measurement. This does not apply o the pH. As in the case of previous series

of experiments, this is reduced slightly by the addition of isomaltulose. As a

result of the low proportion of barley malt, the values for free amino nitrogen are

fairly low in all worts.

It has been found that both the maximum value of the quantity of diacetyl
formed as well as the quantity of diacetyi on the last day of fermentation was in
some cases considerably higher in the isomaltulose-free comparative wort than
in the wort to which isomaltulose had been added.

Figures 1 and 2 show the typical development of fermentation during the main
fermentation process of beer production. As expected, the isomalfulose-
containing batch exhibits a higher extract conient. In the case of both,
isomaltulose-containing wort and wort without isomaltulose, the exiract content
reaches a stable value on day 5; this means that fermentation of the attenuable
extract is completed at that point (end point of exfract fermentation). Figure 2
shows that, when using the isomaltulose-containing wort, the taste has falien
below the taste threshold value of 0.1 ppm as early as at the end point of
extract fermeniation. The green beer obtained is availabie for further processing



Acet al dehyde, ethyl acetate, 1-propanol, isobutanol,
i soanyl acetate, 2- nethyl butanol, 3-nethyl butanol,
2- phenyl ethanol, phenyl -3Betate. Apart fromthe

rel evant aroma conponents, the vicinal diketones
formed during fernentation were also determned. 3.3
Results 3.3.1 Analysis Table 6 shows the anal ytica
val ues of the worts attenuated with Saccharonyces
carisbergensis MJJ 11 and Saccharonyces-cerevisi ae
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the main fermentation fub is blocked for use for a new fe_nnentat:on batch for
this period. '

Example 3: Influence of isomaltulose on the aroma profile of fermented real
worts

in order to be able to assess the influence of isomaltulose on the aroma of
beers, isomaltuiose was added to the wort as carbohydrate compohent in a

proportion considerably above the proportion anticipated according to the
invention.

3.1 Real worts

A conventional Pilsner wort was produced. Part of thIS wort was treated in such
a way that approximately one quarter of the exiract consisted of isomaltulose.
The unireated original wort and the isomaltulose-containing wort were
attenuated under the same conditions {without pressure, 12 T) with the same
veasts as those used for the model worts,

The worts were freated up to approximately 1 fo 1.5 % above the extract to be
expected on fermentation, then followed a 14 day secondary fermentation at 1
T. The beers thus produced were analysed in a beer-specific manner
according to MEBAK and by chromatography for the same selected aroma
componenis as the model worts. In addition, a taste assessment was carried
out. The change in the analytically determined aroma profile and the taste
impression were to be determined as a function of the isomaltuiose content.

The wort analyses are given in Table &.



soirialttliose isomaltulose originalwort,11.25
11.24 11.32 11.28 calculated [ % extract,
apparent tVol 235 3.68 3.-30-

Tabla 5;

Wort anailyses with and without isomaltulose

parameter Lvort lwort s 25%!
' isomaltulose
extract content % 11.26 1133
extract, apparent,% 1.93 4.2
final fermantation
reached -
final femeniation,% 83.3 . B26 ~
apparent '
pH 5.36 5.2
colour depth EBC 8.6 6.4
bitterness units BE 48.1 31.6
total nitrogen opm 968 : 655
free amino nitrogeh ppm 1175 124
ZinG ppm  0.17 0.15
DMS/dimethyl . ppm 30 ' - 20
disulphide '

The worts were adjusted to a very similar exiract content. The addition of
isomaltuiose caused a decrease in final fermentation since the proportion of
non-fermentable carbohydrate (in the analysis of final fermentation) increases
as a result of the substitution of wort-inherent exiract by isomaltulose. The
further analytical values change in line with redilution, i.e. the content, such as
bitter substances or protein fractions, decreases.



4.16 extract, real [70] 4.04 5.1 4.82 5.44 al cohol
[70 by vol.] 4.71 3.98 4.28 3.59 pH 4.4 4.25 4.67 4.4
bitterness units [BE] 30-21-

Both worts were fermented with the following four yeasts:
- Saccharomyces carisbergensis MJJ 1-1_,

- Saccharomyces cerevisiae MJJ 25,

- Saccharomyces cerevisiae MJJ .2,

- Schizosaccharomyces pombe

3.2 Analysis of the aroma components

The following aroma components were determined in all the baiches on
termination of fermentation (= 4 days no decrease in exiract):

Acetaldehyde, ethyl acetate, 1-propancl, iscbutanol, iscamyl acetate, 2-
methyt butanol, 3-methyl butanol, 2-phenyl ethanol, phenyl acetate.

Apart from the relevant aroma components, the vicinal diketones formed during
fermentation were also determined.

' '_3.3 Results

3.3.1 Analysis

Table 6 shows the analytical vaiuesh- of the worts attenuated with
‘Saccharomyces carisbergensis MJJ 11 and Saccharomyces cerevisiae MJJ 25
{with and without isomaliulose).

Tébie 7 shows the analytical values -of the worts attenuated with
Schizosaccharomyces pombe and Saccharomyces cerevisiae MJdJ 2 (with and
without isomaltulose). '

Table 8:

]MJJ 11 \MJJ 11 witthJJ 25 lMJJ 25 with




27 33 29 head retention [s] 276 263 343 281 Table 7:

S. ponbe S.pombeMi wth |somaltul ose 2 Ml 12w th

i somaftut ose ori gi nal wor t-22= 27

isomaltulose isomaltulose
original wortf11.25  [11.24 7 1132 11.28
calcutated [%)
extract, appareht 2.35 3.68 3.3 4.16
[%]
- lextract, real {%] 4.04 5.1 4.82 5.44
alcohol [% by vol.] #.71  B.98 .28  B.59
pH 4 4 25 467 W4
bifterness units [BE] [30 27 33 29
head refention [s] 276 263 343 1281
Table 7:
S, . fpombe‘MJ.; 2 MJJ 2 with
pombe with : - isomaltulose
isomaltulose
briginal worf11.27  111.32 1128 11.56
calculated [%]
extract apparent [%] 2.41 4.21 2.13 4.58
exiract, real [%] 4.08 55 3.87 5.91
aicohol [% by vol] 4.67  13.64 486  3.75
pH 438 4.36 445  4.36
bitterness units [BE] B3 26 o9 b5




calculated [3"] 11.32 11.28 11.56 extract apparent
1949 2.41 4.21 2.13 4.58 extract, real [70] 4.08

'5.53.875. 91 al cohol [70 bgavol.] 4.67 3.644.863.75 pH
4.38 .

head retention{s] 276 197 - ’1228 %256

The higher residual extract after fermentation is to be seen in the case of beers
to which the high proportion of isomaltulose has been added, since the
isomaliulose has not be atienuated. This leads also io a lower alcohol content in
all cases. This also applies o Srchizosacchammycespombe which was capable
of making use of the isomaltulose-containing soiutions in the model worts in a
similarly satisfactory manner as the reference solutian. In more complex mixed
carbohydrate solutions, it is obvious that this yeast also makes use of all other
sugars first. Before it was possible to completely degrade the isomaliulose in
the high concentrations added, fermentation has been completed in this series
of expetiments. The pH of the isomaltuiose—containing beers is lower in all
cases than that of the reference beers; the same applies also to the bitterness
units though, in this case, the lower value is due to the redilution.

Figure 3a shows the content of aroma compone-nts after fermentation of the real
woris by Saccharomyces carisbergensis MJJ 11 and Saccharomyces
cerevisiae MJJ 25. No consistent influence of the addition of isomaltulose on
the formation of the aroma component can be detected. Although MJJ 11 forms
larger quantities of the substance concerned in the case of almost all the
componenits in the batch without isomaltulose, the differences are only slight
and, moreover, they are presumably due to the, in absoiute terms, slightly lower
quantity of substrate utilised. Moreover, it can be pointed out that, in some
cases, Saccharomyces cerevisiag MJJ 25 formed higher concentrations of the
substance concerned in the isomaltulose-containing solution. It cannot be said
unequivocally on the basis of the data shown here that the presence of
isomaliulose influences the aroma profile formed.

Figure 3b shows the content of aroma components after fermentation of the real
wort by Schizosaccharomyces pombe and Saccharomyces cerevisiae MJJ 2.
Again, no consistent influence of the addition of isomaltulose on the formation
on the aroma components is discemible. Although, in most cases, less of the
substances under consideration is formed in the worts with the addition of
isomaliulose, this is due also {o the smaller amount of substrate utilised overall.
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the case of beers to which the high proportion of

i somal tul ose has been added, since the isomaltulose
has not be attenuated. This |leads also to a | ower

al cohol content in all cases. This also applies to
Schi zosacchar onyces ponbe whi ch was capable of maki ng

L somal tulo ni 0
RefSP LA IS | JOLLPT P ordaRameRpet Tore
acataliehgieio the braseone Of ﬁomﬁeioﬁ@npl ex m xed
car bohydrate solutions, it is obvi ous that this yeast

Th\%g?é’se%g%b ?lf‘ali.% losBl c*oe%trf}ﬁrhg%gr it 391 %r%re wﬁ% %ﬁng bn the

I somal tul ose

deveiomﬁ@nthpbﬁueétﬁe@?ﬁ : fearm he @R of eolarerA &k aaliphatic
atcbﬁ@tahcgamsl eta{%téta*lideﬁyhb‘ﬁ SAR esxobpixperis nem;e The pyeast
e.lLsonaltul o con | | (0]
ScfkatdEphR MR it SRS BN oAl <
largerpiropartian ebispmaltilese i presaoids ﬂﬂ@lﬁ'ﬂ%s'ft%ugh inthis

case, the I ower value is due to the rediluton. Figure
33;. the content .of aroma conponents after

ernentation of the real worts by Saccharonyces

cari sbergensis MJJ 11 and Saccharonyces cerevi si ae
OnvikdripietioNo ot dhe i eaim @andnsecrntasy dermeriationi theodegrs were

subjéeié’al fouh Qﬁ&eoé\rélﬁlﬁloho oRb sefoftheo & @%h asnheneiéwing
can be detected

pafASIeT Ve GreoEhRd TR LOLBHEE A IRFSven ol itgpess.
hoplamsia, Rbltinkds fridinesadiveiness, bhdy bad ohem!ltlrnpt&ssmn
[ somal tulose, the differences are only slight and,

- b
F;QLg? rgpvs é,ﬁ? ?%;%{Itg \;@Eﬁ gPet é%/seggﬁnehp%ittp ‘beleps fﬁgﬁg lfr‘dh‘?the
realbvemtser atienuateth Wigh pSBm!@omMees h%ﬁrlsbafge@@ﬁe Ndket! (10
méﬁ%ﬁ%ﬁﬁ) 'ﬂ}@ sté e;!fié?%él)s itAe béYtBQnaZ Eréfmdmébdllir@ @bm the tasting
ati ns o) ubst ance canger
SchBia P18 08ENn SPRIGHY o TGN BIPOSRY - ot CBRoTaten by
- Satohguinweeal deylsbergensisbidi 1 ofirehpedtire sofswhbehen dsamaltulose
w§§1 Bbnth@dRh ARE WSt BF not Oﬁﬁllyt Wﬂtt??@s;ié&f 'té’%%ﬁeﬂah Qmprassaon
profile fo ’8 H_ %&f f q
wag G ISCERIRER e rAsSP Tt A SRS BRTSR A ABINGEY Tsrfone
reBY¥orSolag 05 atradver coyreksl” ptasbe ianmreSsorn halthmugbedhe  individual
ISl I i stent infl f
o MeRog ORI, Sonst Lo i ence of
aroma conponents is discernible. Although, in nost
Figarseth shavesthefrestits ofiibe tasie essesateant obins braramasie fram the
reEP\VvHPL?' étfbor@%?ed"ﬁ'ﬁﬁ %a%ﬁé"rohﬁﬁ:e@%ré\hé?é‘e ‘MJJ 25 (10 members of

I Sona

~ thaftasig @glpfelat@ﬁqﬁfﬁrs%rg%ﬂq;\,\g}ﬂaﬁsa%c}%gromr;/ces certhSIaeaIGBhl %‘» too,

the aroma profiles are superimposed in an almost identical manner. Again, the
isomaltulose-containing beer was assessed as being slightly better in the
overall assessment although the individual parameters were assessed
identically. After fermentation with Saccharomyces cerevisiae MJJ 25, however,
both the bitterness impression and the fruitiness of the beers was perceived
more strongly.
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i mpression of bitterness becane nore dom nant though,
on the other hand, it was obviously sonewhat
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beers were assessed identically for overall quality.
Figure 4d shows the results of the taste assessnent
of the beers made fromthe real worts; attenuated
W t h Schi zosacchar onyces ponbe (10 nenbers of the
taste panel): Follow ng fermentation by
Schi zosacchar onyces ponbe, the beers clearly differed
substantially. The isonmaltul ose-containing beer was
percei ved as sweeter, though obviously this sweetness
was perceived as being malty. Although the intensity
of bitterness was perceived equally strongly, this
bitterness was perceived as slightly nore-
hop-aromatic in the case of beers w thout
i somal tul ose, an inpression which was obvi ously
conpensated by the isomaltul ose contained therein.
However, when assessing the overall quality, the



b)m crobially attenuating the wort during bl) main
fernmentation and b2) secondary fernentation
characterised in that the26arbohydrate conmponent
contai ns isomal tul ose or an isomnaltul ose-cont ai ni ng
m xture and the main fernmentation process in step bl)
is termnated as soon as the aftenuabl e proportion of
the extract in the wort has been attenuated.
2. Process according to claim1, wherein the
car bohydrate conponent contains malted grain and/or
faw grain. 3.Process according to one of the
gﬂégﬂﬁceding cl ai ms, wherein isomaltul ose is contained
in the wort in a proportion of 0.3 g/100 m to 2
1. 9/ FeOcads. fodtHe mdasticac oftsetrrfepnt Grewiag dfudrh @ recessaty hgps

ands PRER dl2Es GBpbRg T bR PR T 1S g 100 i
5. Process according to one of the preceding cl ai s,
whet)ei nprostding tauwosefros brewiog figdon, rf nmseambmeaﬂéhe

CONRANSRMrRE cBHﬁ:;o‘ﬁ%ﬁfa a proportion of the

remal ni g components o t he carbohydrate conponent,
in particular malt, to isomaltulose of from20:1 to

8: b} 6. m@@b@ﬁymwaﬂﬂﬂgtw@ﬁéuﬁlﬁmhe pr ecedi ng

clains, wherein the isomaltul ose of the carbohydrate

cor{pl nemts Eh%@%}g&,ﬁa@ syrup, in solution or as a

crys aII|ne S -27- 7.Beer producible according
to the process accordlng to one of claims 1 to

8. M3ed sseenrdany Jemedatidnt ai ni ng

characterised .in that the carbohydrate component contains isomaltulose or an
isomaltulose-containing mixture and the main fermentation process in step b1)
is terminated as soon as the attenuable proportion of the extract in the wort has
been attenuated.

2. Process according to claim 1, wherein the carbohydrate component
contains malied grain and/or raw grain.

-3 Process according to one of the preceding claims, wherein isomaltulose
is contained in the wort in a proportion of 0.3 g/100 mi to 2 g/100 ml.

4 Process according o one of the preceding claims, wherein isomaliutose
being contained in the wort in a proportion of 0.5 g/100 mi to 1.5 g/100 ml.

5. = Process according to one of the preceding claims, wherein isomaltulose
is contained in the carbohydrate component of the wott in a proportion of the
remaining components of the carbohydrate component, in particular malt, fo
isomaliulose of from 20:1 fo 8:1.

B. Process according to one of the preceding claims, wherein the
isomaltulose of the carbohydrate component is added as a syrup, in sotution or
as a crystalline solid.



a) beer producible according to one of clains 1 to 6
and b) at |east one further conponent selected from
extracts of herbs, arona "€émpounds, caf.feine,
colorants, amno acids, culinary acids, fruit
conponents such as fruit juice, fruit pulp or fruit
extracts, sugar, sugar substitutes such as sugar

al cohol s, intensive sweeteners, water, distilled
spirits (ethanol) and basic | enonade constituents.

7. 9. WsRr @rod RUIBLELHERR) BShe predehidbafify ROSROAENAINN to
a wort for the production.of beer for controlling the
proportion of secondary fernmentation products in the
beer.. 10. Use. according to claim9, wherein the
8. sedvirdadbyel evERadatdtaingoduct s are vi ci nal -
di ket ones, diacetyl (2, 3-butanedione), pentane dione.

11. \Use,of isammltful ose,as.,a carbohydrate.conponent
) opRer PRl e GRS 65 of SEEEI Dl Ba T oni g
the fernmentation period during the production of the
beds). 13t ldast apeoiufhag compohantsdidctedtinei exitdtes of herbs,

fer [ [ i.S_S e [ [ . .
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t erG@MEnettsasucivan Taul juite. Aniteprilpisr dryfiopxirasts, shigehsugar
extm@ﬁm@st U é@él?géii?aﬁocﬂw , i!?ﬂehgi%' aedtentss, vder, distilled
accor gl n 0 ne Cl al N 0 ereln
S ottt (ftpadord 8% Bret idniade st L o opor 1 on
of 0.3 g/100 M to 2 g/100 m . 14. Use according to

9. onels of lisomaltifos® ak3a wdrboRydrates compbndstsim aswort for the
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pradyctedn thehleeesi n i sonalt-ul ose is contained in the
car bohydrate conponent of the wort in a ratio of the
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are vicinal diketones, diacetyl (2,3-butanedione}, pentane dione.

11.  Use of isomaitulose as a carbohydrate component in a wort for the
production of beer for shoriening the fermentation period during the production’
of the beer.

12.  Use according to claim 11, wherein the fermeniation period is shortened
during main fermentation by the main fermentation being terminated as soon as
the attenuabie portion of the extract of the wort has been attenuated.

13.  Use according io ope of claims 9 to 12, wherein isomaliuiose is
contained in the wort in a proportion of 0.3 g/100 mi to 2 g/100 ml.

14. Use according fo one of claims 9 to 13, wherein isomaltulose is
contained in the wort in a proportion of 0.5 g/100 mi to 1.5 g/100 mi.

15. Use according to one of claims 9 o 14, wherein isomaltulose is
coniained in the carbohydrate componenti of the wort in a ratio of the remaining
components of the carbohydrate component o isomaltulose of 20:1 to 8:1.



